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Archaeological Field Inspection, January 2006

Archaeological Recovery Plans:
(1) Data Recovery Plan for Site 50-50-11-5443 (Reber Circle), December 2005
(2) “Science City” Preservation Plan, March 2006

(1) Updated Arthropod Inventory and Assessment, December 2005
(2) Supplemental Arthropod Sampling, March 2007
(3) Arthropod Inventory and Assessment, HALE AND HO, July 2009 (New)

ATST Hazardous Materials and Hazardous Waste Management Program, April 2006
Botanical Survey, December 2005 and July 2009 (New)

(1) Cultural and Historical Compilation of Resources Evaluation and
Traditional Practices Assessment, January 2006
(2) Supplemental Cultural Impact Assessment, May 2007
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U. S. Fish and Wildlife Service, Section 7, Informal Consultation Document, March 2007
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Figure 1: Location of the project area, Haleakala, Maui.

APPENDIX A:
ARCHAEOLOGICAL FIELD INSPECTION



INTRODUCTION

Xamanek Researches’ carried out an archaeological inventory survey of the
Science City parcel in the fall of 2002. This 18.1-acre project area, which lies near the
summit of Haleakala, is located in Papa anui ahupua’a, Makawao District, Maui (TMK:
2-2-07: Portion of 8). The inventory survey report was approved by the State Historic
Preservation Division (SHPD) in a 10 July 2003 review letter (SHPD DOC NO:
0307MKO03). The study area contains several existing observatories and other structures
that have been constructed at different times over the years. Current plans call for the
construction of an Advanced Technology Solar Telescope (ATST) facility at one of two
locations within the subject parcel.

A total of six previously unidentified sites were located during our archaeological
inventory survey, and we also carried out additional work on previously identified sites
that are contained within the subject parcel (see Table 1). The newly identified sites have
been designated SIHP? No. 50-50-11-5438 through 5443. In addition, further
documentation was obtained for previously identified Sites 2805 through 2808, per
discussions with Dr. Melissa Kirkendall, SHPD staff archaeologist for Maui. Finally, a
trail remnant was located at the previously recorded Site 4836 and given a feature number

(F).

The bulk (80%+) of the features in newly identified Sites 5438-5442 consist of
temporary habitation areas or wind shelters. Two features in Site 5440 are petroglyph
images (Features F and G), and one is interpreted as a possible burial (Feature D). Site
5441 contains two small platforms that are thought to have possible ceremonial functions.
Site 5443 consists of the remnants of a former radio telescope facility, known as Reber
Circle that was built in 1952, and subsequently dismantled due to signal interference.

All of the newly identified sites and Feature F of Site 4836 as well as the
previously recorded sites in the Science City project area retain their significance ratings
under at least Criterion “d” for their information content under Federal and State historic
preservation guidelines. The possible burial—Feature D, and the petroglyph Features F
and G of Site 5440, as well as Site 5441 and Feature F of Site 4836 also qualify for
cultural significance under Criterion “e”. Finally, it is important to note that all of the
sites with the exception of Site 5443 that are located in Science City represent a remnant
of a Native Hawaiian cultural landscape. Because Haleakala is noted for its ceremonial

! Xamanek Researches was converted to Xamanek Researches, LLC, a Hawaii-based Limited Liability
Company, in February 2005. The earlier inventor survey and the current field inspection study have been
undertaken on behalf of KC Environment, Inc

2 SIHP = State Inventory of Historic Places
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and traditional importance to the Native Hawaiian people, the entire Science City site
complex may well qualify for importance under additional significance criteria as well.

Mitigation Recommendations

There were two main mitigation recommendations that were set forth for the
Science City project area at the conclusion of the 2002-2003 inventory survey. Given the
possibility that future construction actions may occur in the Science City project area, in-
place passive preservation was recommended for all of the identified sites within the
project area, with the possible exception of Reber Circle (Site 5443).> Precautionary
archaeological monitoring was recommended during any future construction activities in
the general vicinity of any of the previously identified sites, to help avoid inadvertent
impacts. Data recovery was the recommended mitigation for the Reber Circle site
remnant in the event that project plans called for its removal. Xamanek Researches,
LLC conducted field inspections of the two proposed locations for the planned
construction of the Advanced Technology Solar Telescope (ATST) during December
2005. The two possible locations included an area to the northeast of the existing Mees
Solar Observatory (primary) and Reber Circle (alternate) on Pu'u Kolekole (see Figure
2).

Figure 2: Potential ATST site location map, including primary Mees and alternate Reber
Circle sites.

® A Preservation Plan is currently under preparation; a Burial Treatment Plan for Feature D of Site 5440
will be prepared at a later date, following consultation with the Maui/Lana’i Islands Burial Council.
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Photograph 1: Aerial view of Science City complex—Haleakala Crater—Ilooking
north. Reber Circle is visible in upper center right of photograph;
Primary Mees site at center right.

THE STUDY AREA

The 18.1-acre “Science City” parcel is located near the summit of Haleakala in
Papa‘anui ahupua'a, Makawao District, on the island of Maui. Papa’anui is a
discontinuous ahupua’a that extends from the shore at Makena, and runs upslope to
Keonehulu summit (c. 4000 feet AMSL) where it terminates. The ahupua'a then
continues from Pu'u Keokea (c. 7500 feet AMSL) to the crater rim of Haleakala, across
the crater floor and ends at Pahaku Pahala on the northeastern rim above Paliku (Bushnell
and Hammatt, 2000, p. 7). The USGS Makena quadrangle map is not clear as to the
makai boundaries between Papa‘anui and other ahupua'a. Cordy (1978) suggests that
there were only 2 ahupua’a in the Makena area—Ka'eo and Papa‘anui, and that other
place names refer to “ili of these two land divisions.
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Natural History

The soils in the overall Science City project area are classified as Cinder Land
(rCl), and consist of areas of bedded magnetic ejecta associated with cinder cones. They
are a mixture of cinders, pumice, and ash, and range in color from black, red, yellow to
brown. These materials have jagged edges and a glassy appearance and show little or no
evidence of soil development (Foote, et al., p. 29; Plate 117).

The overall parcel ranges in elevation from just over 10,000 feet AMSL on Pu'u
Kolekole to a low of about 9,840 feet AMSL along its southeastern boundary. The high
elevation of the Science City parcel gives the project area a sub-alpine climate, which
influences the environment of the summit area. The following information is drawn from
the Environmental Assessment document that was prepared for the Advanced Electro-
Optical System (AEOS) facility (Belt Collins Hawaii, March 1994). Precipitation at the
Maui Space Surveillance Site (MSSS) facility averages 25 inches per year, with the bulk
of the rainfall occurring during November through May. Average annual temperatures
near the summit range from 42 degrees F in the winter to 50 degrees F in the summer.
Daily temperature ranges can be more extreme, with occasional sleet, snow, and hail fall
occurring from December to February. Wind patterns are dominated by the northeast
trade winds, which typically are most persistent from March to November. Southeasterly
or Kona winds occur during the winter months and tend to bring clear weather to the
summit. Sustained winds of 50 miles or more per hour can occur every month of the
year. The maximum wind speed recorded at the summit is in excess of 125 miles per
hour. The strongest winds typically occur during the winter and are associated with
North Pacific storm systems that pass over the island chain.

Vegetation present in the project area is sparse—5 to 10% cover. A botanical
survey carried out in April of 2000 (Char & Associates) on a ¢. 1.5 acre portion of the
18.1-acre current project area listed low shrubs of kupaoa (Dubautia menziesii), and
scattered clumps of Deschampsia nubigena. The former (an endemic member of the
daisy family) has stiff, upright branches with yellowish, daisy-like clusters arranged in
compact clusters. The later is an endemic, perennial grass which forms rounded tufts, 6
to 12 inches tall with flowering stalks up to 2 feet in height. It is the most commonly
found grass at this elevation.

Other plants, fewer in number, include hairy cat’s ear (Hypochoeris radicata),
another endemic member of the daisy family—Tetramoloium numile—a rounded dwarf
shrub 3 to 10 inches across with whitish hairs and clusters of white flowers, a single
shrub of indigenous pukiawe (Styphelia tameiameiae), and several clumps of mountain
pili (Trisetum glomeratum)—an endemic perennial grass. No endangered silversword
were noted during this 2000 survey, but were found in earlier surveys (U.S. Air Force
1991), and at the AEOS Telescope site (Belt Collins and Associates 1994). Three
cultivated silversword plants were noted adjacent to the AEOS parking lot during the
previous inventory survey. There were no endemic plants located at the Reber Circle
location at the time of our 2005 field inspection.
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PREVIOUS ARCHAEOLOGICAL WORK ON SITES
WITHIN THE SCIENCE CITY PARCEL

There were two archaeological surveys that had been conducted in portions of the
project area, prior to the Xamanek Researches 2002-2003 inventory survey. The first of
these archaeological studies was carried out in 1990 and consisted of a reconnaissance
survey (Chatters, 1991). Cultural Surveys Hawaii, Inc. conducted the second study, an
archaeological inventory survey, in 1998 (April 2000). The results for each of these
earlier projects are summarized below (see Appendix A—Table 1).

The first study, which consisted of an archaeological reconnaissance survey, was
carried out by Pacific Northwest Laboratory on behalf of the U.S. Air Force for the
expansion of the Maui Space Surveillance Site or MSSS (Chatters, 1991). During the
course of this walkover, four archaeological sites were identified, primarily along the
western side of Kolekole Hill. These features included 23 temporary shelters and a short,
low wall. These wind shelters were typically constructed against the existing rock
outcrop of the hill. The sites were designated SIHP No. 50-50-11-2805 through 2808.
One sling stone was found on the floor of Feature J at Site 2807. In addition, one opihi
(Cellana spp.) shell was noted on the surface of the Feature B floor of Site 2808. There
was no subsurface investigation carried out, and only Site 2805 was mapped (lbid.,). Per
discussions with Dr. Melissa Kirkendall of the SHPD Maui office, we carried out
additional inventory level documentation at these sites.

The second study was carried out by Cultural Surveys Hawaii, Inc., in
conjunction with the planned construction of the Faulkes Telescope facility. This more
recent project located two previously unidentified sites—4835 and 4836. Both of these
sites were constructed against an exposed rock outcrop. Site 4835 consists of 2
features—both historic rock enclosures filled with burned remnants of modern refuse—
obviously historic trash burning pits. The authors suggest that these may have been used
initially by the U.S. Army during the war, and later by University of Hawaii workers later
on.

Site 4836 consists of 3 terraces, a rock enclosure, 2 leveled areas and a rock
wall—all constructed against an exposed rock outcrop.* Five of the features are
interpreted as temporary shelters, while the 2 leveled areas were of indeterminate usage.

* Xamanek Researches identified a trail remnant at the previously recorded Site 4836 during our inventory
survey in 2002. This feature had not been noted in Bushnell and Hammatt, 2000. We subsequently
recorded this feature per the direction of Dr. Melissa Kirkendall, SHPD staff archaeologist, and Mr. Charles
Kauluwehi Maxwell, Chair of the Maui/Lanai Islands Burial Council. This trail remnant was assigned a
feature number (F).
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Although one test unit did not reveal any precontact cultural materials, their construction
is consistent with precontact structures used for temporary shelters in other areas of
Haleakala Crater (Bushnell and Hammatt, 2000, pp. 16-19). The University of Hawaii
Institute for Astronomy opted to preserve both of the sites.

Xamanek Researches carried out an inventory survey of the entire 18.1 acre
parcel in 2002-2003 (Fredericksen and Fredericksen, April 2003). A total of six
previously unrecorded sites (50-50-11-5438 through 5443) were located during the
course of this inventory survey. These sites consist of wind shelters, two petroglyph
images, a possible burial feature, and an historic foundation—Reber Circle.
Supplemental information was obtained from Sites 2805-2808 per discussions with Dr.
Melissa Kirkendall of the SHPD Maui office. In addition, a trail segment was recorded at
Site 4836 and designated as Feature F. Several isolated pieces of coral were noted in the
southeastern portion of the c. 18-acre study area, but not assigned a formal site number,
because the coral pieces were not weathered. A possible site—consisting of several
pieces of coral in a boulder—was plotted on the project map, but was determined to lie
off the project area.

Field inspections of primary and alternate ATST locations

Xamanek Researches, LLC conducted separate field inspections of the two
proposed locations for the ATST facility, per the request of Charlie Fein, PhD of KC
Environmental, Inc. These inspections were conducted in early December 2005. Follow-
up investigations were undertaken in mid-December of both locations. The results of our
field inspections and follow up work are presented below.

Primary ATST location—Mees

The proposed primary location for construction of the ATST facility is situated c.
30 meters to the northeast of the existing Mees Solar Observatory (refer to Figure 3).
This portion of the Science City parcel contains three relatively recently constructed
information gathering towers (Photographs 2-7). Inspection of the surface area in the
vicinity of the towers indicates that this portion of the Science City parcel was previously
impacted by earthmoving activities associated with the construction of the existing access
road, the tower structures, as well as the Mees Solar Observatory, which was built in
1964.° Pushed rocks, push piles, and old cleared areas (bulldozed) were noted in the
vicinity of the towers (see Photographs 2, 4 and 5). This portion of the project area
contains three features that are interpreted as relatively recent additions/modifications
(see Photographs 2, 6 and 8).

® My father, Walter Mailand Fredericksen (deceased), worked as a laborer and mason during the
construction of the Mees Solar Observatory and other buildings that were built during 1964-65 in the
Science City complex, prior to accepting a teaching position at Maui Community College.
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Figure 3: Plan view of the Primary Mees location for the ATST, Haleakala.
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Photograph 2: General view to the northwest of Pu'u Kolekole (center right)
from the preferred site location for the ATST; weather tower at
left; cleared area at center right.

Photograph 3: View to the southeast of test tower (left), small weather tower
(center), and tall weather tower (right).
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Photograph 4: View to the southwest of the data tower and weather tower (right),
note push pile at left and construction materials at right; Mees
Observatory is in the background.

Photograph 5: General view of relatively recent pushed material.
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Photograph 6: General view of relatively recently modified area—center.
Small weather tower located in upper center.

Photograph 7: View to the northwest across the Primary Mees location, test
tower in foreground, PanSTARRS 1 in center background.

APPENDIX A:
ARCHAEOLOGICAL FIELD INSPECTION

12



Photograph 8: View to the east of a relatively recently deposited rock pile.

Discussion

All of the features noted within the proposed ATST Mees location are interpreted
as recent modifications. Rocks noted in the construction of these features/modifications
were not weathered like those contained in the many sites and features that have been
previously documented on the Science City project area. The features within the Primary
Mees location for the ATST were not recorded during our earlier 2002-2003 inventory
survey, because they were considered to be relatively recent additions in a previously
disturbed area. In closing, it is important to note that portions of the Primary Mees
location have been previously impacted by earthmoving activities associated with the
construction of the paved access road, as well as the Mees Solar Observatory, and the
three towers.

Reber Circle (Site 50-50-11-5443); alternate ATST location

This site remnant lies at the peak of Pu'u Kolekole, and is known as Reber Circle
(see Figures 2 and 4; Photographs 8-13). Site 5443 qualifies for significance under
federal and state historic preservation guidelines Criterion “a” because of its association
with mid-20" century scientific studies at Haleakala, and under Criterion “d” for its
information content. This site remnant consists of a concrete and rock foundation that
was part of the former radio telescope facility that was constructed in 1952 by Grote
Reber. This facility apparently did not function well, because of signal interference
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(personal communication with Charlie Fein). The bulk of this structure was dismantled
about 18 months after the facility was completed. This site is composed of a concrete
and rock foundation that is c. 25 meters in diameter, the outer rim of which is up to 1
meter in width and c. 80 cm in height (Figure 4). Approximately 40% of the structure
has been impacted by previous earthmoving activities, and the site is in fair to poor
condition. This previously identified site lies in the alternate location for the ATST.

The summit of Pu'u Kolekole contains two older buildings (i.e. constructed in the
mid-1960s), a relatively recently constructed rock pile, and a surface scatter of water
worn coral with “beach” glass, likely deposited in the mid-1960s.° All of these features
are interpreted as modern features and have not been assigned SIHP site numbers.

® Some of the concrete utilized in the construction of the older buildings contains pieces of fragmented
marine shell and coral pieces in its matrix. It is postulated that the remaining scatter of water worn coral,
shell and beach glass is associated with construction activities associated with the older buildings on the
pu'u.
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Figure 4: Plan view of Pu’u Kolekole with Reber Circle (Site 5443) and other features.
Updated map prepared by Jonas Madeus in December 2005.
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Photograph 9: General view to the north across Reber Circle—Site 5443.

Photograph 10: View to the northwest across a newer section of rock wall that was
added to Reber Circle (right) at an unknown date.
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Photograph 11: View of a Reference Mark—US Coast & Geodetic Survey marker
(dated 1950).

Photograph 12: General view to the north of Reber Circle of an older mid-1960s
antenna building (see Figure 4 for location of this structure).
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Photograph 13: View to the northeast of a relatively recent rock pile near antenna
building.

Photograph 14: General view of modern (c. mid-1960s) coral scatter (with
beach glass) near antenna/utility building.
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Discussion

The bulk of the features noted within the proposed ATST Reber Circle location,
with exception of this early radio-telescope site remnant, are interpreted as recent
modifications. Rocks noted in the construction of these more recent
features/modifications were not weathered like those contained in the many sites and
features that have been previously documented. These features within the Reber Circle
alternate location were not recorded during our 2002-2003 inventory survey, because
they were also considered to be relatively recent additions. It is, once again, important to
note that portions of the Pu'u Kolekole alternate location have been previously impacted
by earthmoving activities associated with the construction of a paved access road, as well
as the Site 5443 facility and the two mid-1960s buildings. In closing, it should be
stressed that the Reber Circle is not a favored ATST location from a Native Hawaiian
perspective (personal communication, Kahu Charles Maxwell). Given the number of
remaining sites that have been located within the overall Science City parcel, it is highly
probable that Pu'u Kolekole was a culturally significant location in precontact times.

SUMMARY AND CONCLUSIONS

The Science City parcel was clearly an important cultural area for precontact
Native Hawaiians. The number of remaining sites clearly indicates the cultural
significance of this portion of Maui in precontact times.” In closing, should an ATST
facility be constructed within the subject parcel, it is recommended that the Primary Mees
location be chosen. While both locales have been previously disturbed, the Kolekole Hill
location (Reber Circle) was likely an important cultural area in precontact times. The
placement of a large ATST complex on this pu u would have negative cultural impacts.

" The author estimates that up to 50% of the parcel has been impacted by previous earthmoving activities
associated with the development of the Science City complex.
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APPENDIX A—TABLE 1
SUMMARY OF SITES STUDIED IN 2002-2003 INVENTORY SURVEY

TABLE 1 SUMMARY OF SITES—SCIENCE CITY

SIHP® | Features Description Function Age Remarks
Site
Number
5438 A Wind shelter Temporary habitation Precontact- Partial rock wall enclosure
post-contact in lee of vertical
escarpment
B Terrace/Wind Temporary habitation Precontact- Crude terrace built at
shelter post-contact leeward base of vertical
escarpment
C Terrace-like Temporary habitation Precontact- Small terrace-like level area
Wind shelter post-contact w/ low escarpment along
NE edge
D Terrace-like Temporary habitation Precontact- Small terrace-like level area
Wind shelter post-contact w/ crude stacking along
northern edge
E Terrace-like Temporary habitation Precontact- Small terrace-like level
Wind shelter post-contact area w/ vertical escarpment
at SE edge
F Rock pile Undetermined/ Precontact- Rock pile with associated
Possible clear pile post-contact level area
5439 A Rock Shelter Temporary habitation Precontact- Marginal shelter restricted
post- contact | overhang
B Rock shelter Temporary habitation Precontact- Marginal shelter restricted
post- contact | overhang
C Wind shelter Temporary habitation Precontact— | Low rock wall built on
post-contact windward side of level area
D Wind shelter Temporary habitation Precontact- Crude rock arrangement
post-contact around level area
E Wind shelter Temporary habitation Precontact- Low rock wall wrapping
C-shape post-contact windward side of level area
F Wind shelter Temporary habitation Precontact- Low rock wall wrapping
C-shape post-contact windward side of level area
G Rock pile Undetermined Precontact- Rock pile in crevice
post-contact between boulders
H Wind shelter Temporary habitation Precontact- Small level area with
C-shape post-contact stacking along windward
edge
| Wind shelter Temporary habitation Precontact- Small level area in lee of
C-shape post-contact boulders, crude stacking on
windward edge
J Wind shelter Temporary habitation Precontact- Small level area in lee of

post-contact

boulders w/ crude stacking
in crevice

8 SIHP = State Inventory of Historic Places. Site numbers prefaced by 50-50-11- 50=State Of Hawaii,
50=Maui,11=Kilohana quadrangle.
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TABLE 1 CONT.

K Wind shelter Temporary habitation Precontact- Level area in lee of
post-contact boulders w/ crude stacking
and alignment.
L Wind shelter Temporary habitation Precontact- Small level area w/ crude
C-shape post-contact wall along windward edge
M Wind shelter Temporary habitation Precontact- Small level area w/ crude
C-shape post-contact wall along windward edge
5440 A Wind shelter Temporary habitation Precontact- Relatively substantial rock
Enclosure post-contact wall enclosing two small
level areas.
B Wind shelter Temporary habitation Precontact- Rock wall arcing around
C-shape post-contact windward edge of level
area abutting outcrop
C Wind shelter Temporary habitation Precontact- Relatively large level area
natural terrace post-contact in lee of escarpment w/
crude rock alignments
D Platform Potential burial Precontact- Cobble concentration
post-contact delineated by boulder
alignments on two sides
E Wind shelter Temporary habitation Precontact- Small level area in lee of
C-shape post-contact boulders w/ added crude
stacking
F Petroglyph Rock art/ceremonial Precontact- Triangular torso human
post-contact image on boulder
G Petroglyph Rock art/ceremonial Precontact- Turtle image on boulder
post-contact
5441 A Terrace Temporary habitation? Precontact- Small level area on east
post-contact facing slope w/ rough
alignment along leading
edge
B Terrace Temporary habitation? Precontact- Small level area on east
post-contact facing slope w/ rough
alignment along leading
edge
5442 Single Rock wall partial Temporary habitation Precontact- Small level area w/ stacked
enclosure post-contact rock wall tied in w/ existing
boulders
5443 Single Foundation Former radio telescope 1952 Circular concrete
Foundation—Reber foundation
Circle
2805 Single Wind shelter Temporary habitation Precontact- Partial enclosure, crude
Post-contact wall in lee of escarpment
2806 Single Wind shelter Temporary habitation Precontact Partial enclosure, rough
wall in lee of escarpment
2807 A Wind shelter Temporary habitation Precontact- Level area with boulder
post-contact alignment on windward
edge
B Wind shelter Temporary habitation Precontact- Level area w/ rock pile
post-contact
C Wind shelter Temporary habitation Precontact- Level area w/ upright slabs
(C-shape) post-contact on windward edge
D Wind shelter Temporary habitation Precontact- Level area w/ boulder
(C-shape) post-contact alignment on wind edge
2807 E Wind shelter Temporary habitation Precontact- Level area in lee of outcrop
post-contact
F Wind shelter Temporary habitation Precontact- Level area w/ linear
post-contact clearing pile
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G Wind shelter Temporary habitation Precontact- Level area on slope in lee
post-contact of outcrop w/ modified
outcrop
H Wind shelter Temporary habitation Precontact- Level area on slope in lee
post-contact of outcrop
| Wind shelter Temporary habitation Precontact- Level area w/ minimal
post-contact stacking on windward edge
J Wind shelter Temporary habitation Precontact- Crude rock wall partially
post-contact encloses small level area
K Wind shelter Temporary habitation Precontact- Crude rock wall built along
post-contact wind edge of a cleared level
area
L Wind shelter/terrace Temporary habitation Precontact- Natural terrace in lee of
post-contact slope cleared of rock
M Wind shelter Temporary habitation Precontact- Level area on slope with
post-contact boulder alignment
N Wind shelter Temporary habitation Precontact- Level area in lee of
post-contact modified outcrop
0o Wind shelter Temporary habitation Precontact- Level area in lee of boulder
post-contact w/ crude stacking on
perimeter
P Wind shelter Temporary habitation Precontact- Level area w/ altered crude
post-contact stacking on perimeter
2808 A Wind Shelter Temporary habitation Precontact- Level area w/ rubble on
post-contact windward edge
B Wind shelter Temporary habitation Precontact- Level area w/ stacked rock
post-contact on windward edge
C Wind shelter Temporary habitation Precontact- Level area w/ boulders on
post-contact windward edge
4836 F Path Pedestrian traffic Precontact- Pathway w/ boulder
post-contact alignment at edge
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APPENDIX B

ARCHAEOLOGICAL RECOVERY PLANS

(1) Archaeological Data Recovery Plan for Site 50-50-11-5443
(Reber Circle), December 2005.

a. State of Hawai‘i, Department of Land and Natural Resources (DLNR) approval letter
sent to Erik Fredericksen, Xamanek Researches, regarding Data Recovery Plan for
SIHP 50-50-11-5443 from Peter Young, Chair, State Historic Preservation Officer,
dated June 14, 2006.

b. Archaeological Data Recovery Plan for Site 50-50-11-5443 18.1-acre parcel known
as “Science City”, Haleakala Crater, Papa‘anui Ahupua‘a, Makawao District, Maui
Island (TMK: 2-2-07: portion of 8), December 2005.

(2) “Science City” Preservation Plan, March 2006.

a. State of Hawai‘i, Department of Land and Natural Resources (DLNR) approval letter
sent to Erik Fredericksen, Xamanek Researches, regarding Preservation Plan for
Eleven Sites at Science City, from Peter Young, Chair, State Historic Preservation
Officer, dated July 10, 2006.

b. Archaeological Preservation Plan for an 18-1-acre parcel known as “Science City”,
Haleakala Crater, Papa‘anui Ahupua‘a, Makawao District, Maui Island
(TMK: 2-2-07: por. of 8).
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a. State of Hawai‘i, Department of Land and Natural Resources (DLNR)
approval letter sent to Erik Fredericksen, Xamanek Researches,
regarding Data Recovery Plan for SIHP 50-50-11-5443 from
Peter Young, Chair, State Historic Preservation Officer,
dated June 14, 2006.
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Erik Fredericksen
Page 2

Necessary data recovery work includes HABS/HAER level documentation. Additional data recovery
work will include interviews and a photograph search to document the area pre-Reber Circle facility.

The data recovery plan is acceptable. Should you have any questions, please contact Dr. Melissa
Kirkendall of the State Historic Preservation Division, Maui Section, at (808) 243-5169.

Aloha,

er Young, Chair
te Historic Preservation Officer

MEK:kf
(e Bert Ratte, DPWEM, County of Maui

Michael Foley, Director, Dept. of Planning, 250 S. High Street, Wailuku, HI 96793
Maui Cultural Resources Commission, Dept. of Planning, 250 S, High Street, Wailuku, HI 96793
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APPENDIX B (1)

b.  Archaeological Data Recovery Plan for Site 50-50-11-5443,
18.1-acre parcel known as “Science City”, Haleakala Crater,
Papa‘anui Ahupua‘a, Makawao District, Maui Island
(TMK: 2-2-07: portion of 8), December 2005.

APPENDIX B: ARCHAEOLOGICAL RECOVERY PLANS
(1) RECOVERY PLAN FOR REBER CIRCLE



An Archaeological Data Recovery Plan for
Site 50-50-11-5443
18.1-acre parcel known as Science City,
Haleakala Crater, Papa anui Ahupua’a,
Makawao District, Maui Island
(TMK: 2-2-07: portion of 8)

Prepared for:

Charles Fein, PhD
KC Environmental, Inc.
Makawao, Maui

Prepared by:

Xamanek Researches, LLC
Pukalani, Hawaii
Erik M. Fredericksen

28 December 2005
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Figure 1: Location of the project area, Haleakala, Maui.

INTRODUCTION

Xamanek Researches’ carried out an archaeological inventory survey of the
Science City parcel in the fall of 2002. This 18.1 acre project area, which lies near the
summit of Haleakala, is located in Papa anui ahupua'a, Makawao District, Maui (TMK:
2-2-07: Portion of 8). The inventory survey report was approved by the State Historic
Preservation Division (SHPD) in a 10 July 2003 review letter (SHPD DOC NO:
0307MKO03). The study area contains several existing observatories and other structures
that have been constructed at different times over the years.

! Xamanek Researches was converted to Xamanek Researches, LLC, a Hawaii-based Limited Liability
Company, in February 2005.
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A total of six previously unidentified sites were located during the archaeological
inventory survey. These sites have been designated SIHP? No. 50-50-11-5438 through
5443. In addition, further documentation was obtained for previously identified Sites
2805 through 2808, per discussions with Dr. Melissa Kirkendall, SHPD staff
archaeologist for Maui. Finally, a trail remnant was located at the previously recorded
Site 4836 and given a feature number (F).

The bulk (80%+) of the features in newly identified Sites 5438-5442 consist of
temporary habitation areas or wind shelters. Two features in Site 5440 are petroglyph
images (Features F and G), and one is interpreted as a possible burial (Feature D). Site
5441 contains two small platforms that are thought to have possible ceremonial functions.
Site 5443 consists of the remnants of a former radio telescope facility, known as Reber
Circle that was built in c. 1952, and subsequently dismantled due to signal interference.

All of the identified sites and Feature F of Site 4836 as well as the previously
recorded sites in the Science City project area retain their significance ratings under at
least Criterion “d” for their information content under Federal and State historic
preservation guidelines. The possible burial—Feature D, and the petroglyph Features F
and G of Site 5440, as well as Site 5441 and Feature F of Site 4836 also qualify for
cultural significance under Criterion “e”. Finally, it is important to note that all of the
sites with the exception of Site 5443 that are located in Science City represent a remnant
of a Native Hawaiian cultural landscape. Because Haleakala is noted for its ceremonial
and traditional importance to the Native Hawaiian people, the entire Science City site
complex may well qualify for importance under additional significance criteria as well.

Mitigation Recommendations

Two main mitigation recommendations were made for the Science City project
area at the conclusion of the 2002-2003 inventory survey. Given the possibility that
future construction actions may occur in the Science City project area, in-place passive
preservation was recommended for all of the identified sites within the project area, with
the possible exception of Reber Circle (Site 5443).> Archaeological monitoring was
recommended during any future construction activities in the general vicinity of any of
the previously identified sites, to help avoid inadvertent impacts. Data recovery was the
recommended mitigation for the Reber Circle site remnant in the event that project plans
called for its removal. The following data recovery plan has been prepared, should Pu'u
Kolekole be chosen as the construction site for the Advanced Technology Solar
Telescope (ATST).*

2 SIHP = State Inventory of Historic Places

® A Preservation Plan is currently under preparation; a Burial Treatment Plan for Feature D of Site 5440
will be prepared at a later date, following consultation with the Maui/Lana’i Islands Burial Council.

* Pu’u Kolekole is the alternate site location for the ATST.
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Figure 2: Potential ATST site location map, including alternate Reber Circle site.

Photograph 1: Aerial view of Science City complex—Haleakala Crater—Ilooking north.
Reber Circle is visible upper center right of photograph.
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THE STUDY AREA

The 18.1-acre “Science City” parcel lies near the summit of Haleakala in
Papa'anui ahupua'a, Makawao District, Maui. Papa anui is a discontinuous ahupua'a
that extends from the shore at Makena, and runs upslope to Keonehulu summit (4000 feet
AMSL) where it terminates. It then continues from Pu'u Keokea (7500 feet AMSL) to
the crater rim, across the crater floor and ends at Pahaku Pahala on the northeastern rim
above Paliku (Bushnell and Hammatt, 2000, p. 7). The USGS Makena quadrangle map is
not clear as to the makai boundaries between Papa‘anui and other ahupua'a. Cordy
(1978) suggests that there were only 2 ahupua'a in the Makena area—Kaeo and
Papa anui, and that other place names refer to “ili of these two land divisions.

Natural History

The soils in the overall Science City project area are classified as Cinder Land
(rCl), and consist of areas of bedded magnetic ejecta associated with cinder cones. They
are a mixture of cinders, pumice, and ash, and range in color from black, red, yellow to
brown. These materials have jagged edges and a glassy appearance and show little or no
evidence of soil development (Foote, et al., p. 29; Plate 117).

The overall parcel ranges in elevation from just over 10,000 feet AMSL on Pu'u
Kolekole to a low of about 9,840 feet AMSL along its southeastern boundary. The high
elevation of the Science City parcel gives the project area a sub-alpine climate, which
influences the environment of the summit area. The following information is drawn from
the Environmental Assessment document that was prepared for the Advanced Electro-
Optical System (AEOS) facility (Belt Collins Hawaii, March 1994). Precipitation at the
Maui Space Surveillance Site (MSSS) facility averages 25 inches per year, with the bulk
of the rainfall occurring during November through May. Average annual temperatures
near the summit range from 42 degrees F in the winter to 50 degrees F in the summer.
Daily temperature ranges can be more extreme, with occasional sleet, snow, and hail fall
occurring from December to February. Wind patterns are dominated by the northeast
trade winds, which typically are most persistent from March to November. Southeasterly
or Kona winds occur during the winter months and tend to bring clear weather to the
summit. Sustained winds of 50 miles or more per hour can occur every month of the
year. The maximum wind speed recorded at the summit is in excess of 125 miles per
hour. The strongest winds typically occur during the winter and are associated with
North Pacific storm systems that pass over the island chain.

Vegetation present in the project area is sparse—5 to 10% cover. A botanical
survey carried out in April of 2000 (Char & Associates) on a c. 1.5 acre portion of the
18.1-acre current project area listed low shrubs of kupaoa (Dubautia menziesii), and
scattered clumps of Deschampsia nubigena. The former (an endemic member of the
daisy family) has stiff, upright branches with yellowish, daisy-like clusters arranged in
compact clusters. The later is an endemic, perennial grass which forms rounded tufts, 6
to 12 inches tall with flowering stalks up to 2 feet in height. It is the most commonly
found grass at this elevation.
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Other plants, fewer in number, include hairy cat’s ear (Hypochoeris radicata),
another endemic member of the daisy family—Tetramoloium numile—a rounded dwarf
shrub 3 to 10 inches across with whitish hairs and clusters of white flowers, a single
shrub of indigenous pukiawe (Styphelia tameiameiae), and several clumps of mountain
pili (Trisetum glomeratum)—an endemic perennial grass. No endangered silversword
were noted during this 2000 survey, but were found in earlier surveys (U.S. Air Force
1991), and at the AEOS Telescope site (Belt Collins and Associates 1994). Three
cultivated silversword plants were noted adjacent to the AEOS parking lot during the
previous inventory survey. There were no endemic plants located within Reber Circle at
the time of our field inspection.

PREVIOUS ARCHAEOLOGICAL WORK ON SITES
WITHIN THE SCIENCE CITY PARCEL

There were two archaeological surveys that had been conducted in portions of the
project area, prior to our 2002-2003 inventory survey. The first of these archaeological
studies was carried out in 1990 and consisted of a reconnaissance survey (Chatters,
1991). Cultural Surveys Hawaii, Inc. conducted the second study, an archaeological
inventory survey, in 1998 (April 2000). The results for each of these earlier projects are
summarized below.

The first study, which consisted of an archaeological reconnaissance survey, was
carried out by Pacific Northwest Laboratory on behalf of the U.S. Air Force for the
expansion of the Maui Space Surveillance Site or MSSS (Chatters, 1991). During the
course of this walkover, four archaeological sites were identified, primarily along the
western side of Kolekole Hill. These features included 23 temporary shelters and a short,
low wall. These wind shelters were typically constructed against the existing rock
outcrop of the hill. The sites were designated SIHP No. 50-50-11-2805 through 2808.
One sling stone was found on the floor of Feature J at Site 2807. In addition, one opihi
(Cellana spp.) shell was noted on the surface of the Feature B floor of Site 2808. There
was no subsurface investigation carried out, and only Site 2805 was mapped (lbid.,). Per
discussions with Dr. Melissa Kirkendall of the SHPD Maui office, we carried out
additional inventory level documentation at these sites.

The second study was carried out by Cultural Surveys Hawaii, Inc., in
conjunction with the planned construction of the Faulkes Telescope facility. This more
recent project located two previously unidentified sites—4835 and 4836. Both of these
sites were constructed against an exposed rock outcrop. Site 4835 consists of 2
features—both historic rock enclosures filled with burned remnants of modern refuse—
obviously historic trash burning pits. The authors suggest that these may have been used
initially by the U.S. Army during the war, and later by University of Hawaii workers.
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Site 4836 consists of 3 terraces, a rock enclosure, 2 leveled areas and a rock
wall—all constructed against an exposed rock outcrop.” Five of the features are
interpreted as temporary shelters, while the 2 leveled areas were of indeterminate usage.
Although one test unit did not reveal any precontact cultural materials, their construction
is consistent with precontact structures used for temporary shelters in other areas of
Haleakala Crater (Bushnell and Hammatt, 2000, pp. 16-19). The University of Hawaii
Institute for Astronomy opted to preserve both of the sites.

Xamanek Researches carried out an inventory survey of the entire 18.1 acre
parcel in 2002-2003 (Fredericksen and Fredericksen, April 2003). A total of six
previously unrecorded sites (50-50-11-5438 through 5443) were located during the
course of this inventory survey. These sites consist of wind shelters, two petroglyph
images, a possible burial feature, and an historic foundation—Reber Circle.
Supplemental information was obtained from Sites 2805-2808 per discussions with Dr.
Melissa Kirkendall of the SHPD Maui office. In addition, a trail segment was recorded at
Site 4836 and designated as Feature F. Several isolated pieces of coral were noted in the
southeastern portion of the c. 18-acre study area, but not assigned a formal site number,
because the coral pieces were not weathered. A possible site—consisting of several
pieces of coral in a boulder—was plotted on the project map, but was determined to lie
off the project area.

Site 50-50-11-5443

This site remnant lies at the peak of Pu'u Kolekole, and is known as Reber Circle
(Photographs 1-4). Site 5443 qualifies for significance under federal and state historic
preservation guidelines Criterion “a” because of its association with mid-20" century
scientific studies at Haleakala, and under Criterion “d” for its information content. This
site consists of a concrete and rock foundation that was part of the former radio telescope
facility that was constructed in 1952 by Grote Reber. This facility apparently did not
function well, because of signal interference. The bulk of the structure was dismantled
about 18 months after the facility was completed. This site remnant is composed of a
concrete and rock foundation that is c. 25 meters in diameter, the outer rim of which is up
to 1 meter in width and c. 80 cm in height (Figure 3). Approximately 40% of the
structure has been impacted by previous earthmoving activities, and the site is in fair to
poor condition. This previously identified site lies in the alternate location for the planned
ATST.

® Xamanek Researches identified a trail remnant at the previously recorded Site 4836 during our inventory
survey in 2002. This feature had not been noted in Bushnell and Hammatt, 2000. We subsequently
recorded this feature per the direction of Dr. Melissa Kirkendall, SHPD staff archaeologist, and Mr. Charles
Kauluwehi Maxwell, Chair of the Maui/Lanai Islands Burial Council. This trail remnant was assigned a
feature number (F).
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Photograph 2: General view to the northwest of Pu’u Kolekole (center right)
from the preferred location of the ATST.

Photograph 3: General view to the north across Reber Circle—Site 5443.
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Photograph 4: View to the northwest across a newer section of rock wall that was
added to Reber Circle (right) at an unknown date.

Photograph 5: View of a Reference Mark—US Coast & Geodetic Survey disc (dated 1950).
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Photograph 6: General view to the north of Reber Circle of an older mid-1960s antenna building
(see Figure 3 for location of this structure).
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Figure 3: Plan view of Pu'u Kolekole with Reber Circle (Site 5443) and other features.
Updated map prepared by Jonas Madeus in December 2005.
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DATA RECOVERY STRATEGY

Research Questions

As noted earlier in this plan, should Reber Circle be chosen as the construction
site for the planned ATST facility, data recovery work will be necessary. Based on our
previous research, the current condition of Reber Circle, and discussions with Dr. Melissa
Kirkendall, SHPD Maui staff archaeologist, we propose the following research questions:

1. When precisely was Reber Circle constructed and for what purpose(s). How
long did it function?

2. What did the facility originally look like? Are there people in the community
that have “institutional” memory/photographs of the facility?

3. What was the original condition of Pu'u Kolekole prior to construction of
Reber Circle?°

Information needed to address research questions
We propose the following data collection approach to address the above research
questions:

1. Undertake HABS and HAER level documentation of Reber Circle, to include
large format photographs of the existing structure, and further research on the
facility.

2. Interview knowledgeable individuals and search for old photographs of the
area prior to construction of the Reber Circle facility.

Methods

Conventional methods of data collection and recordation will be utilized during
our data recovery program. These methods will conform to the Department of the Interior
and National Park Service HABS and HAER standards.
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APPENDIX B (2)

ARCHAEOLOGICAL RECOVERY PLANS

a. State of Hawai‘i, Department of Land and Natural Resources (DLNR)
approval letter sent to Erik Fredericksen, Xamanek Researches, regarding
Preservation Plan for Eleven Sites at Science City, from Peter Young, Chair,
State Historic Preservation Officer, dated July 10, 2006.
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APPENDIX B (2)

b. Archaeological Preservation Plan for an 18-1-acre parcel known as
“Science City”, Haleakala Crater, Papa‘anui Ahupua‘a,
Makawao District, Maui Island (TMK: 2-2-07: por. of 8).
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An Archaeological Preservation Plan for an
18.1-acre parcel known as Science City,
Haleakala Crater, Papa anui Ahupuaa,

Makawao District, Maui Island
(TMK: 2-2-07: por. of 8)

Prepared for:

Charles Fein, PhD
KC Environmental, Inc.
Makawao, Maui

Prepared by:

Xamanek Researches, LLC
Pukalani, Hawaii
Erik M. Fredericksen

30 March 2006
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ABSTRACT

Xamanek Researches’ carried out an archaeological inventory survey of the
Science City parcel in the fall of 2002. This 18.1 acre project area lies near the summit of
Haleakala, and it is located in Papa anui ahupua'a, Makawao District, Maui (TMK: 2-2-
07: Portion of 8). The study area contains several existing observatories and other
structures that have been constructed at different times over the years.

A total of six previously unidentified sites were located during the archaeological
inventory survey. These sites were designated SIHP? No. 50-50-11-5438 through 5443.
In addition, further documentation was obtained for previously identified Sites 2805
through 2808, per discussions with Dr. Melissa Kirkendall, SHPD staff archaeologist for
Maui. Finally, a trail remnant was located at the previously recorded Site 4836 and given
a feature number (F). Our inventory survey report was approved by the State Historic
Preservation Division (SHPD) in a 10 July 2003 review letter (SHPD DOC NO:
0307MKO03).

Two mitigation recommendations were made for the Science City project area at
the conclusion of the inventory survey. Given the possibility that future construction
actions may occur in the Science City project area, in-place passive preservation was
recommended for the identified sites that are contained in the study area.® The second
mitigation recommendation called for precautionary monitoring to occur should any
future construction activities take place on the parcel.* The following preservation plan
has been prepared in order to help ensure the long-term integrity of the cultural resources
that have been identified within the Science City parcel (TMK: 2-2-07: Portion of 8).

! Xamanek Researches was converted to Xamanek Researches, LLC, a Hawaii-based Limited Liability
Company, in February 2005.

2 SIHP = State Inventory of Historic Properties

® A Burial Treatment Plan for Feature D of Site 5440 will be prepared at a later date, following consultation
with the Maui/Lana’i Islands Burial Council.

* A general monitoring plan for the Science City parcel will be submitted to the SHPD for review and
comment at a later date.
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Map 1: Location of the project area, Science City, Haleakala, Maui.
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Figure 1: Plan view of the Science City project area with site locations.
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INTRODUCTION

Xamanek Researches® carried out an archaeological inventory survey of the
Science City parcel in the fall of 2002. Two previous studies had been carried out in
portions of this scientific complex, and had identified five archaeological sites. However,
there had not been a comprehensive inventory survey of the entire 18.1-acre parcel. This
18.1 acre project area, which lies near the summit of Haleakala, is located in Papa anui
ahupua’'a, Makawao District, Maui (TMK: 2-2-07: Portion of 8). The inventory survey
report was approved by the State Historic Preservation Division (SHPD) in a 10 July
2003 review letter (SHPD DOC NO: 0307MKO03). The study area contains several
existing observatories and other structures that have been constructed at different times
over the years.

A total of six previously unidentified sites were located during the archaeological
inventory survey. These sites have been designated SIHP® No. 50-50-11-5438 through
5443. In addition, further documentation was obtained for previously identified Sites
2805 through 2808, per discussions with Dr. Melissa Kirkendall, SHPD staff
archaeologist for Maui. Finally, a trail remnant was located at the previously recorded
Site 4836 and given a feature number (F).

The bulk (80%+) of the features in newly identified Sites 5438-5442 consist of
temporary habitation areas or wind shelters. Two features in Site 5440 are petroglyph
images (Features F and G), and one is interpreted as a possible burial (Feature D). Site
5441 contains two small platforms that are thought to have possible ceremonial functions.
Site 5443 consists of the remnants of a former radio telescope facility, known as Reber
Circle that was built in 1952, and subsequently dismantled due to signal interference.

All of the newly identified sites and Feature F of Site 4836 as well as the
previously recorded sites in the Science City project area retain their significance ratings
under at least Criterion “d” for their information content under Federal and State historic
preservation guidelines. The possible burial—Feature D, and the petroglyph Features F
and G of Site 5440, as well as Site 5441 and Feature F of Site 4836 also qualify for
cultural significance under Criterion “e”. Finally, it is important to note that all of the
sites with the exception of Site 5443, and, possibly, Site 4835 that are located in Science
City represent a remnant of a Native Hawaiian cultural landscape. Because Haleakala is

noted for its ceremonial and traditional importance to the Native Hawaiian people, the

®> Xamanek Researches was converted to Xamanek Researches, LLC, a Hawaii-based Limited Liability
Company, in February 2005.
® SIHP = State Inventory of Historic Properties
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entire Science City site complex may well qualify for importance under additional
significance criteria as well.

Two mitigation recommendations were made for the Science City project area at
the conclusion of the inventory survey. Given the possibility that future construction
actions may occur in the Science City project area’, in-place passive preservation was
recommended for the identified sites that are contained in the study area.® The second
mitigation recommendation called for precautionary monitoring to occur should any
future construction activities take place on the parcel.” The following preservation plan
has been prepared in order to help ensure the long-term integrity of the various cultural
resources that are contained within the Science City parcel.’

Photograph 1 — Aerial view of Science City complex—Haleakala Crater—looking
north.

" At the writing of this Preservation Plan, the Advanced Technology Solar Telescope (ATST) appears to be
slated for construction near the existing Mees Solar Observatory facility.

& A Burial Treatment Plan for Feature D of Site 5440 will be prepared at a later date, following consultation
with the Maui/Lana’i Islands Burial Council.

° A general monitoring plan for the Science City parcel will be submitted to the SHPD for review and
comment.

19|t appears that Reber Circle—Site 5443, may be dismantled, possibly to restore Pu’u Kolekole for Native
Hawaiian cultural purposes. In the event that it is determined that this site will be destroyed, a data
recovery plan (Fredericksen, December 2005) for the site has been submitted to the State Historic
Preservation Division for review and comment.
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Photograph 2 — Close-up view of observatories—view to the northwest.
Camera view is from Pu u Kolekole.

Photograph 3 — AEQOS facility from near Pu u Kolekole—view to the north.
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Photograph 4 — Faulkes Telescope—view to the southwest.

THE STUDY AREA

The 18.1-acre parcel lies near the summit of Haleakala in Papa anui ahupua’a,
Makawao District, Maui. Papa’anui is a discontinuous ahupua'a that extends from the
shore at Makena, and runs upslope to Keonehulu summit (4000 feet AMSL) where it
terminates. It then continues from Pu'u Keokea (7500 feet AMSL) to the crater rim,
across the crater floor and ends at Pahaku Pahala on the northeastern rim above Paliku
(Bushnell and Hammatt, 2000, p. 7). The USGS Makena quadrangle map is not clear as
to the makai boundaries between Papa‘anui and other ahupua'a. Cordy (1978) suggests
that there were only 2 ahupua'a in the Makena area—Ka'eo and Papa anui, and that
other place names refer to “ili of these two land divisions.
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Natural History

The soils in the project area are classified as Cinder Land (rCl), and consist of
areas of bedded magnetic ejecta associated with cinder cones. They are a mixture of
cinders, pumice, and ash, and range in color from black, red, yellow to brown. These
materials have jagged edges and a glassy appearance and show little or no evidence of
soil development (Foote, et al., p. 29; Plate 117).

The project area ranges in elevation from just over 10,000 feet AMSL on Pu'u
Kolekole to a low of about 9,840 feet AMSL along its southeastern boundary. The high
elevation of the Science City parcel gives the project area a sub-alpine climate, which
influences the environment of the summit area. The following information is drawn from
the Environmental Assessment document that was prepared for the Advanced Electro-
Optical System (AEOS) facility (Belt Collins Hawaii, March 1994). Precipitation at the
Maui Space Surveillance Site (MSSS) facility averages 25 inches per year, with the bulk
of the rainfall occurring during November through May. Average annual temperatures
near the summit range from 42 degrees F in the winter to 50 degrees F in the summer.
Daily temperature ranges can be more extreme, with occasional sleet, snow, and hail fall
occurring from December to February. Wind patterns are dominated by the northeast
trade winds, which typically are most persistent from March to November. Southeasterly
or Kona winds occur during the winter months and tend to bring clear weather to the
summit. Sustained winds of 50 miles or more per hour can occur every month of the
year. The maximum wind speed recorded at the summit is in excess of 125 miles per
hour. The strongest winds typically occur during the winter and are associated with
North Pacific storm systems that pass over the island chain.

Vegetation found in the project area is sparse—5 to 10% cover. A botanical
survey carried out in April of 2000 (Char & Associates) on a 1.5 acre portion of the 18.1-
acre current project area listed low shrubs of kupaoa (Dubautia menziesii), and scattered
clumps of Deschampsia nubigena. The former (an endemic member of the daisy family)
has stiff, upright branches with yellowish, daisy-like clusters arranged in compact
clusters. The later is an endemic, perennial grass which forms rounded tufts, 6 to 12
inches tall with flowering stalks up to 2 feet in height. It is the most commonly found
grass at this elevation.

Other plants, fewer in number, ainclude hairy cat’s ear (Hypochoeris radicata),
another endemic member of the daisy family—Tetramoloium numile—a rounded dwarf
shrub 3 to 10 inches across with whitish hairs and clusters of white flowers, a single
shrub of indigenous pukiawe (Styphelia tameiameiae), and several clumps of mountain
pili (Trisetum glomeratum)—an endemic perennial grass. No endangered silversword
were noted during this 2000 survey, but were found in earlier surveys (U.S. Air Force
1991), and at the AEOS Telescope site (Belt Collins and Associates 1994). Three
cultivated silversword plants were noted adjacent to the AEOS parking lot during the
previous inventory survey.
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PREVIOUS ARCHAEOLOGICAL WORK ON SITES
WITHIN THE SCIENCE CITY PARCEL

There were two archaeological surveys that had been conducted in portions of the
project area, prior to our 2002-2003 inventory survey. The first of these archaeological
studies was carried out in 1990 and consisted of a reconnaissance survey (Chatters,
1991). Cultural Surveys Hawaii, Inc. conducted the second study, an archaeological
inventory survey, in 1998 (April 2000). The results for each of these earlier projects are
summarized below.

The first study, which consisted of an archaeological reconnaissance survey, was
carried out by Pacific Northwest Laboratory on behalf of the U.S. Air Force for the
expansion of the Maui Space Surveillance Site or MSSS (Chatters, 1991). During the
course of this walkover, four archaeological sites were identified, primarily along the
western side of Kolekole Hill. These features included 23 temporary shelters and a short,
low wall. These wind shelters were typically constructed against the existing rock
outcrop of the hill. The sites were designated SIHP No. 50-50-11-2805 through 2808.
One sling stone was found on the floor of Feature J at Site 2807. In addition, one opihi
(Cellana spp.) shell was noted on the surface of the Feature B floor of Site 2808. There
was no subsurface investigation carried out, and only Site 2805 was mapped (Ibid.,). Per
discussions with Dr. Melissa Kirkendall of the SHPD Maui office, we carried out
additional inventory level documentation at these sites.

The second study was carried out by Cultural Surveys Hawaii, Inc., in
conjunction with the planned construction of the Faulkes Telescope facility. This more
recent project located two previously unidentified sites—4835 and 4836. Both of these
sites were constructed against an exposed rock outcrop. Site 4835 consists of 2
features—both historic rock enclosures filled with burned remnants of modern refuse—
obviously historic trash burning pits. The authors suggest that these may have been used
initially by the U.S. Army during the war, and later by University of Hawaii workers later
on.

Site 4836 consists of 3 terraces, a rock enclosure, 2 leveled areas and a rock
wall—all constructed against an exposed rock outcrop.' Five of the features are

11 Xamanek Researches identified a trail remnant at the previously recorded Site 4836 during our inventory
survey in 2002. This feature had not been noted in Bushnell and Hammatt, 2000. We subsequently
recorded this feature per the direction of Dr. Melissa Kirkendall, SHPD staff archaeologist, and Mr. Charles
Kauluwehi Maxwell, Chair of the Maui/Lanai Islands Burial Council. This trail remnant was assigned a
feature number (F).
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interpreted as temporary shelters, while the 2 leveled areas were of indeterminate usage.
Although one test unit did not reveal any precontact cultural materials, their construction
is consistent with precontact structures used for temporary shelters in other areas of
Haleakala Crater (Bushnell and Hammatt, 2000, pp. 16-19). The University of Hawaii
Institute for Astronomy opted to preserve both of the sites.

As noted earlier, Xamanek Researches carried out an inventory survey of the
entire 18.1 acre parcel in 2002-2003 (Fredericksen and Fredericksen, April 2003) [Figure
2]. A total of six previously unrecorded sites (50-50-11-5438 through 5443) were located
during the course of this inventory survey. These sites consist of wind shelters, two
petroglyph images, a possible burial feature, and an historic foundation—Reber Circle.
Supplemental information was obtained from Sites 2805-2808 per discussions with Dr.
Melissa Kirkendall of the SHPD Maui office. In addition, a trail segment was recorded at
Site 4836 and designated as Feature F. Several isolated pieces of coral were noted in the
southeastern portion of the c. 18-acre study area, but not assigned a formal site number,
because the coral pieces were not weathered. A possible site—consisting of several
pieces of coral in a boulder—was plotted on the project map, but was determined to lie
off the project area. Each of the previously unidentified sites is summarized below.

Figure 2: Potential ATST site location map, including approximate locations of identified
cultural resources.
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Site 5438 [Figure 3]

This site is located near the northwestern corner of the rectangular project area,
and lies down slope (north) of the MSSS Facilities. The average elevation of this site is
9880 ft AMSL, and it lies approximately 20 meters in elevation below the crest of the
Science City complex. The entire area is covered with a’a cobbles, boulders and cinder
with large weathered lava flow outcrop. Observed vegetation consisted of a few clumps
of unidentified bunch grass and scattered kupaoa (Dubautia menziesii.) plants. Overall
site dimensions are c. 20 meters NE/SW by 10 meters NW/SE. Site 5438 is composed of
two semi-enclosures or wind shelters (Features A and F), and 4 terrace/platforms
(Features B through E). The bulk of these structures are composed of a’a cobble and
boulder layers/walls that range from 1 to 6 courses in height (i.e. up to 90 cm tall). All of
these features are interpreted as temporary habitation areas that provided shelter from the
wind, which can be quite cold in the evening and early morning hours.> The
terrace/platforms are on the lee of a small pu’u and have low or no walls.

The surface inspection of this site yielded isolated pieces of modern materials
such as tin foil, paper, plastic and metal. One test unit was utilized to assess subsurface
conditions at this site. This site is interpreted as a temporary habitation area that was
mainly used for shelter on an intermittent basis. While there were no indigenous material
culture remains located during the surface inspection of this site or during testing, it is
nevertheless interpreted as a probable precontact cultural resource that has been utilized
in more recent times.

12 The project area occasionally freezes, and frost was noted on the project area on several days during the
inventory survey. In addition, the summit area received a light snowfall during the winter of 2001 and
2002.
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Site 5439 [Figures 4-6]

Site 5439 is located between 30 and 80 meters down slope (north) of the main
portion of the MSSS complex, and c. 15 meters to the southwest of Site 5438. Site 5439
is primarily situated along the crest and down the western flank of a sharp ridge that
drops down from the summit in a northerly direction. Overall site dimensions are c. 49
meters N/S by 31 meters E/W. The elevation of this site ranges from about 9,930 ft
AMSL to c. 9,860 ft AMSL. Several large, weathered lava flow sections are surrounded
by talus boulders, with areas of loose rubble and cinders on the moderately steep slope.
Loose cinder and rubble occur in pockets and over the level areas of the various features
within this site. Several apparent electrical cables transit the central portion of this site.
The only vegetation noted in the site area consisted of scattered kupaoa shrubs and
isolated bunch grass.

The site complex consists of 22 features (A-M). These features include 2 rock
wall shelters that incorporate small overhangs referred to as dew shelters in this report
(Features A and B), 10 rock wall shelters (Features C through M), and 1 possible shelter
remnant (rock pile). Two of the rock wall shelters (Features F and L) are C-shapes, while
the remaining ones consist of various shapes. As with Site 5438, these features are
interpreted as temporary habitation areas that provided shelter from the elements—
especially the wind. The two “dew” shelters (Features A and B) would also have
provided some protection from mist and dew. All of the structures are roughly
constructed of a'a cobbles and boulders that range from 20-80 cm in height (1 to 5 stone
courses).

Our surface inspection primarily revealed modern material remains such as
plastic, what appeared to be discarded roofing material, metal, paper, and some possible
insulation material. However, one weathered coral fragment was found on the floor of
Feature A, and a weathered piece of marine shell (Cypraea spp.) was located at Feature
B. These cultural materials are tentatively interpreted as indigenous rather than modern
remains.

Two test units were excavated at this site in order to assess subsurface conditions.
There were no portable remains other than a few small pieces of coral found in Layer I of
TU 1. The general lack of material culture remains suggests that at least the two tested
features do not appear to have been used for extended periods of time. As with Site
5438, Site 5429 is interpreted as a complex of wind shelters that were likely used in
precontact as well as post-contact times.
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Figure 4 - Plan view of Site 54309.
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Figure 5 — Northeast face profile of Feature A, Site 5439—showing TU 1.
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Figure 6 — Northeast face profile of Feature E, Site 5439—showing TU 2.
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Site 5440 [Figures 7-14]

Site 5440 is located in the northwestern portion of the project area, near the upper
reach of a northwest-facing slope. This temporary habitation site lies to the southwest of
Site 5439, and just down slope from the graded area of the Haleakala Observatory
facility. This part of the study area ranges from between 9,910 ft to 9,950 ft AMSL. The
general slope is covered with large sections of weathered lava flow that are surrounded
by talus boulders and areas of loose rubble and cinder. The southeastern-most portion of
this site lies c. 7 meters northwest of the paved access service road to the Haleakala
Observatory building. The only vegetation observed in the site area consisted of
scattered kupaoa plants and clumps of bunch grass.

The overall dimensions of Site 5440 are c. 34 meters N/S by 24 meters E/W. This
site complex includes four wind shelters (Features A-C and E), a possible burial (Feature
D), and two petroglyph images (Features F and G). The wind shelters are roughly built
with a’a cobbles and boulders, and include two C-shapes (Features B and E). The walls
of these shelters range from 30-120 cm in height. The Feature B C-shape also contains a
small dew shelter at its southwestern end. This small sheltered space consists of a lava
slab that has been placed over a gap between two outcrops of lava. Feature D consists of
a low platform that lies at the base of a small overhang. This low platform measures 160
by 100 cm. by 15 cm high and is interpreted as a possible burial.®* Features F and G are
composed of petroglyph images that have been pecked into the faces of 2 boulders.
Feature F is composed of an angular human figure and Feature G appears to represent an
unfinished turtle image. The former image is well proportioned and in good condition,
while the latter one is somewhat vague and not deeply pecked into the surface of the rock
face. Two test units were utilized to investigate subsurface conditions at Features A and
B of Site 5440. Neither of these units yielded cultural materials.

The overall site consists primarily of wind shelters. Site 5440 is tentatively
interpreted as a precontact cultural resource that may contain a burial feature. While the
two petroglyph images do not appear to be appreciably weathered, their relative age
remains somewhat uncertain.

13 This feature was not tested per the request of Mr. Charles Kauluwehi Maxwell, Chair, Maui/Lana’i
Islands Burial Council.
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Figure 9 — South-southwest profile of Feature A, Site 5440.
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Figure 10 — Plan view of Feature B, Site 5440.
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Figure 11 — Plan view of Features C and D, Site 5440.
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Figure 12 - Plan view of Feature E, Site 5440.
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Figure 13 - Drawing of Feature F petroglyph, Site 5440.
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Figure 14 — Drawing of Feature G petroglyph, Site 5440.

Site 5441 [Figure 15]

Site 5441 lies along the southern project boundary c. 5 meters northeast of
southeastern-most % pipe corner marker. The site is located at the base of a c. 9-meter
high escarpment that lies just to the north of the boundary. The terrain slopes steeply to
the southeast from the base of this escarpment. The general area is covered with large
talus boulders and loose rubble. Observed endemic plants included ohelo’ai (Vaccinium
reticulatum) and kupaoa. In addition, isolated clumps of unidentified bunch grass were

noted.

The overall dimensions of Site 5441 are 4.25 meters in length NE/SW by 1.75
meters width NW/SE. This site consists of two small terrace features that are situated
along the base of the escarpment to the southeast of the University of Hawaii Mees Solar
Observatory. This site is located in the southeastern portion of the project area, in the
near vicinity of the parcel boundary. Both terraces have small oval level areas and
minimal stacked rock arrangements on their leading southeastern edges. The features face
out to the southeast with a commanding view of the island of Hawai .
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These two terrace features are located in an exposed portion of the overall project
area and do not appear to represent temporary wind shelters. While there was no
subsurface excavation carried out at this site, it is tentatively interpreted as a possible
ceremonial area. This somewhat speculative assessment is based on the orientation of the
two features to the Big Island.
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Figure 15 — Plan view of Site 5441.

Site 5442 [Figure 16]

This single component site is situated at the southern edge of the Mees Solar
Observatory grade at an elevation of about 9,955 ft AMSL. Site 5442 lies c. 6 meters
south of the southwestern corner of the observatory building and about 3 meters north of
the upper edge of an approximately 9 meter high escarpment that rims the project area on
this portion of the parcel. Evidence of previous bulldozing activities is visible in the
immediate vicinity of this site. Previous earthmoving activities associated with the
construction of the nearby observatory appear to have impacted the southern edge of this
feature. Numerous pushed a’a boulders are clustered in close proximity to this site. This
location affords a commanding view of the island of Hawaii. Flora present in this portion
of the project area includes sparse amounts of na’ ena’e, nonnative grasses and scattered
weeds.

This site consists of a partial rock enclosure that lies at the periphery of a
previously graded area to the southeast of the Mees Solar Observatory. The intact portion
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of this enclosure measures 4.5 meters in length E/W by 3.25 meters in width N/S by a
maximum wall height of 0.85 meter. This structure appears to have been partly rebuilt in
the relatively recent past. One coral cobble was noted just outside of this enclosure,
along with modern materials such as pieces of concrete, metal and bottle glass. There
was no subsurface testing carried out at this site. This site is interpreted as a wind shelter
that appears to have been modified in relatively recent times.
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Figure 16 — Plan view of Site 5442,

Site 5443 [Figure 17]

This site remnant lies on the peak of Pu'u Kolekole, and is known as Reber
Circle. Site 5443 consists of a concrete and rock foundation that was part of the former
radio telescope facility that was built in 1951-1952 by Grote Reber. This facility
apparently did not function well, because of signal interference. The bulk of the structure
was dismantled about 18 months after the facility was completed. This site is composed
of a concrete and rock foundation that is c. 25 meters in diameter, the outer rim of which
is up to 1 meter in width and c. 80 cm in height. Approximately 40% of the structure has
been impacted by previous earthmoving activities, and the site is in fair to poor condition.
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Figure 17 - Plan view of Site 5443.
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Sites 50-50-11-2805-2808

As previously mentioned in this report, this site complex was previously
documented by Chatters in 1991. During the course of this earlier work, which consisted
of a walkover, four archaeological sites were identified, primarily along the western side
of Kolekole Hill. These features included 23 temporary shelters and a short, low wall.
These wind shelters were typically constructed against the existing rock outcrop of the
hill.** The various sites are discussed below.

Site 2805 [Figure 18]

This rock wall shelter is located on the northern rocky slope of the uppermost rise
of Pu'u Kolekole and c. 41 meters due north of the Kolekole triangulation station that lies
at the summit. The site lies at an elevation of about 9,990 feet AMSL. The area around
the site is covered with a’a talus boulders and cobbles. Observed vegetation in the
general site area included scattered kupaoa shrubs and isolated clumps of nonnative
grasses. The overall dimensions of this site are 3.50 meters N/S by 2.50 meters E/W by
up to 1.18 meters in maximum wall height.

Site 2805 consists of a short roughly stacked rock wall section that forms a
shallow arch around the western edge of a small level area that measures 2.50 meters in
length NE/SW by 1.0 meter in width NW/SE. The feature is set against the base of a low
basalt face. The wall is constructed of 3-6 courses of vertically stacked angular a’a
cobbles and boulders. This site was first interpreted as a wind shelter in the 1990
reconnaissance survey.

1 pipe fencing (without mesh) was installed around these sites in the 1990s, in order to help delineate them.
However, there was typically less than a 1 m buffer around the sites. This fencing was recently removed, at
the request of Mr. Charles Kauluwehi Maxwell, Project Cultural Consultant.
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Figure 18 — Plan view of Site 2805.

Site 2806 [Figure 19]

This site is located within the Science City complex on the northwestern facing
slope of the uppermost rise of Pu'u Kolekole, and some 48 meters northwest of the
Kolekole triangulation station at the summit. The AEOS building lies c. 35 meters to the
northwest. The area surrounding the site is covered with large a’a boulders that have
broken off from a c. 3-meter high vertical basalt face that is upslope of Site 2806.

Site 2806 consists of a rough rock alignment with minimal stacking of 1-2 courses
of angular a’a boulders and cobbles. This partial enclosure measures 2.50 meters E/W in
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length by 2.20 meters N/S in width by 0.30 meter in maximum wall height. One piece of
branch coral was noted c. 3 meters to the east of the site. This site is also a wind shelter.
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Figure 19 — Plan view of Site 2806.
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Site 2807 [Figure 20]

Site 2807 is located approximately 48 meters to the west of the Pu'u Kolekole
summit and the triangulation station. This site is situated on the very rocky WNW facing
slope directly east of another telescope facility. The site lies at an elevation that ranges
from about 9,980 feet AMSL near the crest of Pu'u Kolekole to 9,960 AMSL at the base
of the slope. The only vegetation noted in the vicinity of the site consisted of scattered
na’ena’e shrubs and nonnative bunch grasses. Modern material culture remains noted on
the surface included broken bottle glass, metal, plastic and wood.

This site consists of 16 (Features A-P) separate level areas, each of which has
some form of rock modification. The modifications consist of simple rock alignments or
roughly stacked low walls. Some of the features resemble terraces with minor
modifications along the western or down-slope edge of the level areas. Others features
along the base of the slope have been partially encircled by rock alignments. A few of
the features have marginal overhangs near the edge of the level areas. Many of the
features are within 2 meters of one another. The overall dimensions of this site are c. 48
meters N/S in length by 20 meters E/W in width. A sling stone that was noted in Feature
J during the earlier reconnaissance survey was not relocated. This site is interpreted as a
complex of wind shelters. This site is tentatively interpreted as a precontact temporary
wind shelter complex, portions of which may well have been utilized in post-contact
times.
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Site 2808 [Figure 21]

Site 2808 (Features A-C) is located near the base of the western slope of the
prominent rocky hill that lies directly to the west of the Mees Solar Observatory. This
site lies at about 9,960 feet AMSL. The surrounding terrain consists of an exposed and
weathered a’a puu that is covered with talus boulders and rubble. Vegetation noted in
the area consisted of scattered na’ena’e and kupaoa shrubs.

This site is composed of three small level areas that have apparently been cleared
of loose rock. Each of these has some type of rock modification in the form of walls or
simple clear piles apparently designed to create a place to rest out of the wind. Overall
site dimensions are c. 13 meters NE/SW by 7 meters NW/SE. Given the location of this
site, it is also interpreted as a wind shelter complex that was possibly first utilized in
precontact times.
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Figure 21 — Plan view of Site 2808.
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Site 4835 and Site 4836 [Figure 22]

The previously documented portion of Site 4836 consists of 5 features (A-E) that
are interpreted as wind shelters. These features, along with Site 4835™ lie around the
base of a small pu'u. An additional feature, a probable trail segment remnant, was noted
adjacent to the previously identified Site 4836. Given its proximity to the site, this trail
has been designated Feature F.

Feature F consists of a pathway that has been purposefully cleared of rock.
Numbers of large cobbles and small boulders averaging 50-60 cm across are roughly
aligned along the southern edge of the pathway for much of its length. This feature runs
in an east/west direction along the southern edge of Site 4836. The path becomes
apparent c. 4 meters to the south of Feature C of Site 4836. The eastern end of the path
appears to have been impacted by the construction of an abandoned paved access road.
Feature F is c. 22 meters in length E/W by an average of 1.10 meters in width N/S. This
feature is in generally good condition, although its eastern and western ends were likely
altered by previous earthmoving activities.

15 Both Sites 4835 and 4836 were fully documented in the CSH 2000 survey, and were not intensively
reexamined in our inventory survey. Site 4835 consists of two small burn pits, and is interpreted as a post-
contact (possible World War Il era or later) site.
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Figure 22 — Plan view of Sites 4835 and 4836 (including Feature F path of Site 4836).
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TABLE 1

Proposed Site Buffers for Science City Project

SIHP™ | Features Description Function Draft Remarks
Site Buffer Area
Number (meters)

5438 A Wind shelter Temporary habitation 5 Partial rock wall enclosure
in lee of vertical
escarpment

B Terrace/Wind Temporary habitation 5 Rough terrace built at
shelter leeward base of vertical
escarpment
C Terrace-like Temporary habitation 5 Small terrace-like level area
Wind shelter w/ low escarpment along
NE edge
D Terrace-like Temporary habitation 5 Small terrace-like level area
Wind shelter w/ crude stacking along
northern edge
E Terrace-like Temporary habitation 5 Small terrace-like level
Wind shelter area w/ vertical escarpment
at SE edge
F Rock pile Undetermined/ 5 Rock pile with associated
Possible clear pile level area
5439 A Rock Shelter Temporary habitation 5 Marginal shelter restricted
overhang
B Rock shelter Temporary habitation 5 Marginal shelter restricted
overhang
C Wind shelter Temporary habitation 5 Low rock wall built on
windward side of level area
D Wind shelter Temporary habitation 5 Crude rock arrangement
around level area
E Wind shelter Temporary habitation 5 Low rock wall wrapping
C-shape windward side of level area
F Wind shelter Temporary habitation 5 Low rock wall wrapping
C-shape windward side of level area
G Rock pile Undetermined 5 Rock pile in crevice
between boulders
H Wind shelter Temporary habitation 5 Small level area with
C-shape stacking along windward
edge
| Wind shelter Temporary habitation 5 Small level area in lee of
C-shape boulders, crude stacking on
windward edge
J Wind shelter Temporary habitation 5 Small level area in lee of
boulders w/ crude stacking
in crevice
K Wind shelter Temporary habitation 5 Level area in lee of
boulders w/ crude stacking
and alignment.
L Wind shelter Temporary habitation 5 Small level area w/ crude
C-shape wall along windward edge
M Wind shelter Temporary habitation 5 Small level area w/ crude
C-shape wall along windward edge

16 SIHP = State Inventory of Historic Places. Site numbers prefaced by 50-50-11- 50=Stare Of Hawaii,
50=Maui; 11 = Kilohana quadrangle.
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Table 1 cont.

5440 A Wind shelter Temporary habitation 5 Relatively substantial rock
Enclosure wall enclosing two small
level areas.
B Wind shelter Temporary habitation 5 Rock wall arcing around
C-shape windward edge of level
area abutting outcrop
C Wind shelter Temporary habitation 5 Relatively large level area
natural terrace in lee of escarpment w/
crude rock alignments
D Wind shelter Temporary habitation 5 Small level area in lee of
C-shape boulders w/ added crude
stacking
E Platform Possible burial 10 Cobble concentration
delineated by boulder
alignments on two sides
F Petroglyph Rock art/ceremonial 5 Triangular torso human
image on boulder
G Petroglyph Rock art/ceremonial 5 Turtle image on boulder
5441 A Terrace Temporary habitation? 5 Small level area on east
Possible ceremonial? facing slope w/ rough
alignment along leading
edge
B Terrace Temporary habitation? 5 Small level area on east
Possible ceremonial? facing slope w/ rough
alignment along leading
edge
5442 Single Rock wall partial Temporary habitation 5 Small level area w/ stacked
enclosure rock wall tied in w/ existing
boulders
5443 Single Foundation Former radio telescope NA Circular concrete
foundation foundation
2805 Single Wind shelter Temporary habitation 5 Partial enclosure, crude
wall in lee of escarpment
2806 Single Wind shelter Temporary habitation 5 Partial enclosure, rough
wall in lee of escarpment
2807 A Wind shelter Temporary habitation 5 Level area with boulder
alignment on windward
edge
B Wind shelter Temporary habitation 5 Level area w/ rock pile
C Wind shelter Temporary habitation 5 Level area w/ upright slabs
(C-shape) on windward edge
D Wind shelter Temporary habitation 5 Level area w/ boulder
(C-shape) alignment on wind edge
2807 E Wind shelter Temporary habitation 5 Level area in lee of outcrop
F Wind shelter Temporary habitation 5 Level area w/ linear
clearing pile
G Wind shelter Temporary habitation 5 Level area on slope in lee
of outcrop w/ modified
outcrop
H Wind shelter Temporary habitation 5 Level area on slope in lee
of outcrop
| Wind shelter Temporary habitation 5 Level area w/ minimal
stacking on windward edge
J Wind shelter Temporary habitation 5 Crude rock wall partially
encloses small level area
K Wind shelter Temporary habitation 5 Crude rock wall built along
wind edge of a cleared level
area
L Wind shelter/terrace Temporary habitation 5 Natural terrace in lee of
slope cleared of rock
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Wind shelter Temporary habitation Level area on slope with
boulder alignment
Wind shelter Temporary habitation Level area in lee of
modified outcrop
Wind shelter Temporary habitation Level area in lee of boulder
w/ crude stacking on
perimeter
Wind shelter Temporary habitation Level area w/ altered crude
stacking on perimeter
2808 Wind Shelter Temporary habitation Level area w/ rubble on
windward edge
Wind shelter Temporary habitation Level area w/ stacked rock
on windward edge
Wind shelter Temporary habitation Level area w/ boulders on
windward edge
Trash pit Burn pits Possible WWII era, modern
4835 trash observed
Trash pit Burn pits Possible WWII era, modern
trash observed
4836 Enclosure Temporary habitation Level area with some

stacked rocks

Rock wall with
level area

Temporary habitation

Level area with a wall of
stacked rocks

Terrace/enclosure

Temporary habitation

Level area with a wall of
stacked rocks

Terrace/level area

Temporary habitation?

Level area with little
modification

Terrace Temporary habitation Level area with some single
low stacking
Path Pedestrian traffic Pathway w/ boulder

alignment at edge
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TABLE 2

Proposed Mitigation Treatment for Archaeological Sites within the
Science City Project Area

SIHPSite | Significance Site Type/Function Proposed Mitigation Treatment
50-50-11- | Criterion®’ (No. of Features) (Comments)
5438 d Semi-enclosure, 4 terrace Passive Preservation
features and 1 possible rock
pile (6)
5439 d Two rock shelters, 11 rock wall Passive Preservation
shelters or C-shapes (13)
5440 d, e Two rock wall enclosures, 1 Passive Preservation
terrace-like feature, 1 small
platform-like feature (possible
burial), 1 rock wall shelter or
C-shape, and 2 petroglyphs on
boulders (7)
5441 d, e Two terrace features (2) at base Passive Preservation
of escarpment—both face the
island of Hawai’i
5442 d Semi-enclosure (1) Passive Preservation
5443 a,d Radio telescope facility Passive Preservation
remnant-Reber Circle or data recovery
2805 d Rock wall shelter (1) Passive Preservation
2806 d Rock wall shelter (1) Passive Preservation
2807 d Rock wall shelters and prepared Passive Preservation
level areas w/ modification or
alignments (16)
2808 d Prepared level areas w/ Passive Preservation
modified outcrops or clear piles
(©)
4836 d, e Prepared level areas w/ Passive Preservation
modified outcrops and low
walls, trail (6)

“Criterion: a = associated with events that have made an important contribution to our island’s history; b =
associated with the lives of persons important in our past; ¢ = embodies the distinctive characteristics of a
type, period, or method of construction; represents the work of a master; or possesses high artistic value; d
= has yielded or is likely to yield information important for research on pre- or post-contact history; e = has
an important traditional cultural value to the native Hawaiian people or another ethnic group in Hawaii.
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PRESERVATION PLAN FOR SITES CONTAINED
WITHIN THE SCIENCE CITY
PROJECT AREA

The plan outlined here follows suggestions in the SHPD rules (HAR Title 13,
Subtitle 6, Chapter 148, pp. 2-5).

Identification of Site(s) to be preserved

Ten of the 11 sites are recommended for passive “as is” preservation on the
Science City parcel. These various cultural resources include: 1) Sites 50-50-11-2805
through 2808; 2) Sites 4835 and 4836; and 3) Sites 5438 through 5443. The first group
of sites was identified in a 1991 archaeological reconnaissance survey of a portion of the
project area (Chatters, 1991). All of these sites are interpreted as wind shelters of various
shapes and sizes. As noted earlier in this preservation plan, we carried out additional
inventory level documentation at these sites per discussions with Dr. Melissa Kirkendall
of the SHPD Maui office.

The second study was conducted by Cultural Surveys Hawaii, Inc., in conjunction
with the planned construction of the now-built Faulkes Telescope facility (Bushnell and
Hammatt, 2000). This more recent project identified two previously unrecorded sites—
4835 and 4836, with a total of seven features. Site 4836 consists of 3 terraces, a rock
enclosure, 2 leveled areas and a rock wall—all constructed against an exposed rock
outcrop.”® Five of the features are interpreted as temporary shelters, while the 2 leveled
areas were of indeterminate usage.

As noted earlier, Xamanek Researches carried out an inventory survey of the
entire 18.1 acre parcel in 2002-2003 (Fredericksen and Fredericksen, April 2003). A
total of six previously unrecorded sites (50-50-11-5438 through 5443) were located
during the course of this most recent inventory survey. These sites consist of wind
shelters, two petroglyph images, a possible burial feature, and an historic foundation of
an old radio telescope facility—Reber Circle. Supplemental information was obtained
from Sites 2805-2808 per discussions with Dr. Melissa Kirkendall of the SHPD Maui

18 Xamanek Researches identified a trail remnant at the previously recorded Site 4836 during our inventory
survey fieldwork in 2002. This feature had not been previously noted in Bushnell and Hammatt, 2000.

We subsequently recorded this feature per the direction of Dr. Melissa Kirkendall, SHPD staff
archaeologist, and Mr. Charles Kauluwehi Maxwell, Chair of the Maui/Lanai Islands Burial Council. This
trail remnant was assigned a feature number (F).
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office. In addition, as noted above, a trail segment was recorded at Site 4836 and
designated as Feature F.

The various preservation actions for the Science City parcel are discussed below.

Preservation Tasks

Recommended mitigation measures for the above sites consist of passive “as is”
preservation. While many of these sites separately have limited interpretive value, they
as a group represent a relatively intact portion of the cultural landscape of a portion of
Haleakala. However, given the cultural sensitivity of the area as well as various security
issues, there are no identification signs proposed for the sites that are located within the
Science City project area. The following preservation measures have been developed in
consultation with Dr. Melissa Kirkendall, SHPD Maui staff archaeologist, and the
project’s Cultural Specialist, Mr. Charles Kauluwehi Maxwell.

Short-term and interim preservation measures

To help ensure protection of the cultural features in close proximity to the
research facilities and during possible future construction of the proposed Advanced
Technology Solar Telescope (ATST) project, it is recommended that the following
actions be taken.

e |t is recommended that any invasive nonnative plants be removed (i.e. flush cut)
from the recommended site preservation buffer areas and the roots left in place to
rot. This methodology will help minimize potential disturbance to the sites slated
for preservation.

e Given that the sites discussed in this preservation plan are contained in portions of
Science City that are typically somewhat isolated from existing structures, the
probability of future disturbance appears to be relatively low. However, due care
should be exercised by the staff of the Air Force Facility, in order to avoid
inadvertent impacts to components of Sites 5439 and 5440, which are located
down slope from these installations. During our earlier inventory survey, we
noted some apparent construction debris that may have covered one or more
features down slope from these facilities. In addition, Site 5441 lies at the base of
an escarpment that is near the potential impact area for the ATST facility, which
may be built in the future. Again, due care should be exercised in the event that
this facility is situated near the UH Mees Solar Observatory. Finally, Site 5442,
in particular, is located in close proximity to this facility, and due care should be
exercised during ongoing operations.

e In the event that Reber Circle (Site 5443) is dismantled, and Pu'u Kolekole is
restored to its natural state, it will be necessary to ensure that debris does not
inadvertently roll down slope onto portions of Sites 2805 and 2806. Some sort of
construction fencing and/or dirt barrier should be installed upslope from these
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sites prior to any earthmoving activities in this portion of the Science City project
area.

e It is recommended that all of the facilities have a copy of the overall project map
that includes the locations of various cultural resources that have been identified
within the Science City project area. This will help ensure that sites are not
inadvertently impacted by actions associated with any of these facilities.

Long-term preservation

As noted earlier in this Plan, all sites are recommended for passive “as is”
preservation. There is no planned access trail to any of the following sites anticipated at
present. Recommended long-term actions for each of these sites are listed below:

Site 5438 (refer to Figure 3)

1. This complex of wind shelters and a possible rock clear pile is located near
the northwestern corner of the rectangular project area, and lies down slope
(north) of the AEQOS Facility. Site 5438 is composed of two semi-enclosures
or wind shelters (Features A and F), and 4 terrace/platforms (Features B
through E). No signage is envisioned for this site at this time, due to cultural
and security concerns.

2. Provisions for limited access to the general site area will be made for native
Hawaiian members of the community who wish to visit it for traditional
cultural purposes. No formal access for the general public is envisioned for
this site at this time, due to cultural and security concerns.

3. At this time, no landscaping actions are recommended for the site, except for
the possible removal (via flush cutting) of any invasive plant species that may
be in the area or become established in the future. .

4. A c. 5-meter (15-foot) preservation area buffer around the perimeter of this
site complex is recommended.

Site 5439 (refer to Figure 4)

1. This site complex consists of 22 features (A-M). These features include 2
rock wall shelters that incorporate small overhangs referred to as dew shelters
in this report (Features A and B), 10 rock wall shelters (Features C through
M), and 1 possible shelter remnant (rock pile). This site lies down slope
(north) of the Air Force Facilities. No signage is envisioned for this site at
this time, due to cultural and security concerns.

2. Provisions for access to the general site area will be made for native Hawaiian
members of the community who wish to visit it for traditional cultural
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purposes. No formal access for the general public is envisioned for this site
at this time, due to cultural and security concerns.

3. No landscaping recommendations are proposed at this time other than the
possible removal (via flush cutting) of invasive non-native plant species
within the site preservation area.

4. A preservation area buffer of c. 5 meters (15 feet) is recommended for this
site.

Site 5440 (refer to Figure 7)

1. This complex includes four wind shelters (Features A-C and E), a possible
burial (Feature D), and two petroglyph images (Features F and G). This site
also lies down slope (north) of the Air Force Facilities. No signage is
envisioned for this site at this time, due to cultural and security concerns.

2. Provisions for limited access to this site will be made for native Hawaiian
members of the community who wish to visit it for traditional cultural
purposes. No formal access for the general public is envisioned for this site at
this time, due to cultural and security concerns.

3. No landscaping recommendations are proposed at this time other than the
removal (via flush cutting) of invasive, non-native plant species from within
the site preservation area.

4. A preservation area buffer of c. 5 meters (15 feet) is recommended for the
bulk of this site. However, a buffer of c. 10 meters (30 ft) is suggested for
Features D (possible burial), and Features F and G (petroglyphs).

Site 5441 (refer to Figure 15)

1. Site 5441 lies along the southern project boundary c. 5 meters northeast of
southeastern-most %" pipe corner marker. This site consists of two small
terrace features that are situated along the base of the escarpment to the
southeast of the University of Hawaii Mees Solar Observatory. No signage is
envisioned for this site at this time, due to cultural and security concerns.

2. Provisions for limited access to this site will be made for native Hawaiian
members of the community who wish to visit it for traditional cultural
purposes. No formal access for the general public is envisioned for this site at
this time, due to cultural and security concerns.

3. No landscaping recommendations are proposed at this time other than the
removal (via flush cutting) of invasive, non-native plant species from within
the site preservation area.
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4. A preservation area buffer of c. 5 meters (30 feet) is recommended for this
isolated site.

Site 5442 (refer to Figure 16)

1. This single component site consists of a walled wind shelter. It is situated
near the southern corner of the UH Mees Solar Observatory and lies at the
edge of a high escarpment at an elevation of about 9,955 ft AMSL. No
signage is envisioned for this site at this time, due to cultural and security
concerns.

2. Provisions for limited access to this site will be made for native Hawaiian
members of the community who wish to visit it for traditional cultural
purposes. No formal access for the general public is envisioned for this site at
this time, due to cultural and security concerns.

3. No landscaping recommendations are proposed at this time other than the
removal (via flush cutting) of invasive, non-native plant species from within
the site preservation area.

4. A preservation area buffer of c. 5 meters (15 feet) is recommended for this
site.

Site 2805 (refer to Figure 18)

1. This rock wall shelter is located on the northern rocky slope of the uppermost
rise of Pu'u Kolekole and c. 41 meters due north of the Kolekole triangulation
station that lies at the summit. The site lies at an elevation of about 9,990 feet
AMSL. Site 2805 consists of a short roughly stacked rock wall section that
forms a shallow arch around the western edge of a small level area. No
signage is envisioned for this wind shelter at this time, due to cultural and
security concerns.

2. Provisions for limited access to this site will be made for native Hawaiian
members of the community who wish to visit it for traditional cultural
purposes. No formal access for the general public is envisioned for this site at
this time, due to cultural and security concerns.

3. No landscaping recommendations are proposed at this time other than the
removal (via flush cutting) of invasive, non-native plant species from within
the site preservation area.

4. A preservation area buffer of c. 5 meters (15 feet) is recommended for this
site.
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Site 2806 (refer to Figure 19)

1. This site is located within the Science City complex along the northwestern
facing slope of the uppermost rise of Pu'u Kolekole, and some 48 meters
northwest of the Kolekole triangulation station at the summit. The AEOS
building lies c. 35 meters to the northwest. This partial enclosure is also
interpreted as a wind shelter, and no signage is envisioned for this feature,
because of cultural and security concerns.

2. Provisions for limited access to this site will be made for native Hawaiian
members of the community who wish to visit it for traditional cultural
purposes. No formal access for the general public is envisioned for this site at
this time, due to cultural and security concerns.

3. No landscaping recommendations are proposed at this time other than the
removal (via flush cutting) of invasive, non-native plant species from within
the site preservation area.

4. A preservation area buffer of c. 5 meters (15 feet) is recommended for this
site.

Site 2807 (refer to Figure 20)

1. Site 2807 is located approximately 48 meters to the west of the Pu'u Kolekole
summit and the triangulation station. This complex is situated on the very
rocky WNW facing slope directly east of another telescope facility. The site
lies at an elevation that ranges from about 9,980 feet AMSL near the crest of
Pu'u Kolekole to 9,960 AMSL near the base of its slope. This complex
consists of 16 (Features A-P) separate level areas, each of which has some
form of rock modification. These various features are interpreted as wind
shelters, and no signage is envisioned for this site, because of cultural and
security concerns.

2. Provisions for limited access to this site will be made for native Hawaiian
members of the community who wish to visit it for traditional cultural
purposes. No formal access for the general public is envisioned for this site at
this time, due to cultural and security concerns.

3. No landscaping recommendations are proposed at this time other than the
removal (via flush cutting) of invasive, non-native plant species from within
the site preservation area.

4. A preservation area buffer of c. 5 meters (15 feet) is recommended for this
site.
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Site 2808 (refer to Figure 21)

1. Site 2808 consists of Features A-C, which are interpreted as wind shelters.
This site is located near the base of the western slope of the prominent rocky
hill that lies directly to the west of the UH Mees Solar Observatory. This site
lies at about 9,960 feet AMSL. The site is composed of three small level
areas that have apparently been cleared of loose rock. Each of these has some
form of rock modification (i.e. walls or simple clear piles). No signage is
envisioned for this feature, because of cultural and security concerns.

2. Provisions for limited access to this site will be made for native Hawaiian
members of the community who wish to visit it for traditional cultural
purposes. No formal access for the general public is envisioned for this site at
this time, due to cultural and security concerns.

3. No landscaping recommendations are proposed at this time other than the
removal (via flush cutting) of invasive, non-native plant species from within
the site preservation area.

4. A preservation area buffer of c. 5 meters (15 feet) is recommended for this
site.

Site 4836™ (refer to Figure 22)

1. The previously documented portion of Site 4836 consists of 5 features (A-E)
that are interpreted as wind shelters. These features, along with Site 4835 lie
around the base of a small pu'u. An additional feature, a probable trail
segment remnant, was noted adjacent to the previously identified Site 4836.
Given its proximity to the site, this trail has been designated Feature F.
Feature F consists of a pathway that has been purposefully cleared of rock.
As with all of the other sites in the Science City project area, no signage is
envisioned for this feature, because of cultural and security concerns.

2. Provisions for limited access to this site will be made for native Hawaiian
members of the community who wish to visit it for traditional cultural
purposes. No formal access for the general public is envisioned for this site at
this time, due to cultural and security concerns.

3. No landscaping recommendations are proposed at this time other than the
removal (via flush cutting) of invasive, non-native plant species from within
the site preservation area.

19 Site 4835 consists of two burn pits (possible WWI1 era and later). This site lies in close proximity to Site
4836. It is not discussed in this section, because of its possible more recent origin. However, the UH
Institute of Astronomy has already agreed to preserve it. As a result, this site will be passively preserved
along with Site 4836.
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4. A preservation area buffer of c. 5 meters (15 feet) is recommended for this
site.

Perpetual Maintenance and Access

It is anticipated that the preservation areas of the sites discussed in this plan will
have minimal maintenance requirements, given the high altitude of the Science City
project area. However, in the event that invasive plants become established within the
project area, hand clearing (i.e. flush cutting) is recommended.

Signage

As previously noted, there is no signage is recommended for individual sites
discussed in this preservation plan. While all of the sites will be placed in passive “as is”
preservation, it is felt that signage could potentially draw unwanted attention to these
sites, possibly causing negative impacts and/or security concerns. As noted previously,
the project’s Cultural Specialist, Mr. Charles Kauluwehi has indicated that because of the
cultural sensitivity of these sites signage is inappropriate. Finally, there are security
issues that have been raised by personnel at some of the facilities (AEQOS, in particular).

Placement of two Ahu

At the writing of this plan, two ahu have been constructed at essentially opposite
sides of the Science City project area (see Figure 2, Photographs 5-7). Both ahu are very
well fashioned from a’a lava rock. These ceremonial markers were constructed at the
direction of the project’s Cultural Specialist, Mr. Charles Kauluwehi Maxwell. Both
structures were placed in portions of the project area where no cultural resources were
present. Well marked trails lead to each overlook. The western ahu faces the West Maui
Mountains and is located well west of Site 5440. The eastern ahu is located at the top of
the escarpment that rises above Site 5441, and has a commanding view of the island of
Hawai'i.
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Photograph 5 — View of the East Ahu, Site 5441 lies at the base of this ¢. 9 meter high
escarpment.

Photograph 6 — View of the West Ahu, Site 5440 lies to the east of
this marker.
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Photograph 7 — View of the access trail to the West Ahu (visible in center left),
Site 5440 lies to the east of the marker.
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SUMMARY AND CONCLUSIONS

As previously noted in this plan, a total of 12 sites are slated for preservation
within the Science City project area. Of these, the majority of sites and features consists
of wind shelters, along with two petroglyph images (Features F and G of Site 5440), a
possible burial (Feature E of Site 5440), and two possible ceremonial platforms (Ste
5441). Passive as-is preservation is recommended for all of the above sites except for the
remnant of Reber Circle (Site 5443), which was largely demolished in the 1950s. There
IS no signage proposed for any of the sites within the Science City parcel (TMK: 2-2-07:
portion of 8). As previously noted, there is no signage is recommended for individual
sites discussed in this preservation plan. It is felt that signage could potentially draw
unwanted attention to these sites, possibly causing negative impacts and/or security
concerns. As mentioned earlier in this plan, the project’s Cultural Specialist, Mr. Charles
Kauluwehi has indicated that because of the cultural sensitivity of these sites signage is
inappropriate. In addition, there are security issues that have been raised by personnel at
some of the scientific facilities (AEOS, in particular) regarding the potential for
inadvertently drawing members of the general public into a security area.
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II. EXECUTIVE SUMMARY

The Haleakala volcano on the island of
Maui is one of the highest mountains in
Hawai'i, reaching an elevation of 3,055-
m (10,023-ft) at its summit on Pu'u
‘Ula'ula. Near the summit is a volcanic
cone known as Kolekole with some of
the best astronomy viewing in the
world. In 1961, an Executive Order of
Hawai'i Governor Quinn established
the Haleakala High Altitude
Observatories (HO) Site, sometimes
referred to as “Science City”. The site is
managed by the University of Hawai'i.

The summit of Haleakala is also the
home to unique cultural and natural
resources. Important cultural places and
sites are found here that are spoken of in
numerous Hawaiian mele (songs), oli
(chants) and legends (NPS 2005).
Arthropods occur near the summit of
Haleakala in an aeolian ecosystem that
was once considered lifeless.

The National Science Foundation has
proposed the development of the
Advanced Technology Solar Telescope
(ATST) within the 18-acre University of
Hawai'i Institute for Astronomy HO
site. The ATST represents a collabora-
tion of 22 institutions, reflecting a broad
segment of the solar physics
community. The proposed ATST project
would be the largest and most capable

solar telescope in the world. It would be
an indispensable tool for exploring and
understanding physical processes on the
Sun that ultimately affect Earth.

An inventory and assessment of the
arthropod fauna at the HO site was
conducted in 2003 as part of the Long
Range Development Plan (LRDP)
(http:/ /www.ifa.hawaii.edu/haleakala
/LRDP/) for the Haleakala High
Altitude Observatories. KC
Environmental, Inc. managed the
environmental and cultural surveys and
prepared
mendations for the IfA committee
responsible for long range development
planning.

survey-based recom-

Pacific Analytics, LLC was contracted to
update the 2003 inventory and assess-
ment of the arthropod fauna at the
ATST proposed primary and alternative
sites within the Haleakala High Altitude
Observatories Site.

The goal was to describe the arthropod
fauna at the two proposed ATST sites,
and identify Hawaiian native arthropod
species or habitats, if any, that could be
impacted by construction or operation
of the ATST. The information provided
in this report will be used to make
sound, considered decisions regarding
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the placement and development of the
proposed ATST project, based on the
best scientific information available.

This report is the result of arthropod
sampling at the proposed ATST primary
site, east of the existing Mees Solar

Observatory facility, and the alternative
site, at Reber Circle, both within the HO
site. This report contains sampling
methodology, site description,
discussion of findings, and an extensive
Bibliography.
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III. INTRODUCTION

The Haleakala volcano on the island of
Maui is one of the highest mountains in
Hawai'i, reaching an elevation of 3,055-
m (10,023-ft) at its summit on Pu'u
‘Ula'ula. Near the summit is a volcanic
cone known as Kolekole with some of
the best astronomy viewing in the
world. In 1961, an Executive Order of
Hawai'i Governor Quinn established
the Haleakala High Altitude
Observatories (HO) Site, sometimes
referred to as “Science City”. The site is
managed by the University of Hawai'i.

The highest elevations of Haleakala
were once considered largely lifeless
with only sparse vegetation, but
biologists have discovered a diverse
fauna of resident insects and spiders
there that are found nowhere else in the
world (Medeiros and Loope 1994).
These arthropods inhabit unique natural
habitats on the bare lava flows and
cinder cones. Feeding primarily on
windblown organic material, they form
an aeolian ecosystem.

The term aeolian has generally been
used to describe ecosystems on snow,
ice, meltwater, and barren rock, but in
Hawai'i it has been used to characterize
non-weathered lava substrates, mostly
but not exclusively found at high

elevations (Howarth 1987, Medeiros
and Loope 1994).

On Haleakala, aeolian and sub-aeolian
ecosystems begin at about 2,300-m
(7,546-ft) elevation in the cinder-
dominated habitat inside the crater,
and at around 2,600-m (8,530-ft) on the
older western slope of the volcano, and
extend up to the summit at 3,055-m
(10,023-ft). Climate conditions are
extreme, with widely varying diurnal
temperatures and little precipitation.
Solar radiation can be intense, and the
conditions often affect visitors not
accustomed to high elevations.

The Haleakala aeolian ecosystem is
extremely xeric, caused by relatively
low  precipitation, porous lava
substrates  that retain negligible
amounts of moisture, little plant cover,
and high solar radiation. The dark,
heat-absorbing cinder provides only
slight protection from the extreme
temperatures. Thermal regulation and
moisture conservation are critical
adaptations of arthropods that occur in
this unusual habitat.

Vegetation covers less than 5% of the
open ground, and food is apparently
scarce. Wind-assisted diurnal
movement and seasonal migrations of
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insects from the surrounding lowlands
are the primary source of food for the
resident scavenger and predator
arthropods  in  this  remarkable
ecosystem. Aeolian ecosystems are not
unique to Haleakala in Hawai'i. Similar
ecosystems also occur on Mauna Kea
and Mauna Loa on the Island of Hawai'i
(Howarth and Montgomery 1980). Each
volcano has its own unique aeolian
fauna that exploit the windblown

organic material.

The National Science Foundation has
proposed the development of the
Advanced Technology Solar Telescope
(ATST) within the 18-acre University of
Hawai'i Institute for Astronomy HO
site. The ATST represents a
collaboration of 22  institutions,
reflecting a broad segment of the solar
physics community. The proposed
ATST project would be the largest and
most capable solar telescope in the
world. It would be an indispensable tool
for exploring and understanding
physical processes on the Sun that
ultimately affect Earth.

An inventory and assessment of the
arthropod fauna at the HO site was
conducted in 2003 as part of the Long
Range Development Plan (LRDP) for
the Haleakala High Altitude
Observatories. KC Environmental, Inc.
managed the environmental and
cultural surveys and prepared survey-

based recommendations for the IfA
committee responsible for long range
development planning.

Pacific Analytics, LLC was contracted
to update the inventory and assessment
of the arthropod fauna at the ATST
proposed primary and alternative sites
within the HO site. Pacific Analytics
personnel have extensive experience
with ecological research, wildlife
inventory, monitoring, and consulting.
Pacific Analytics personnel have many
years of professional experience in
tropical and temperate ecosystems,
including natural resource inventory
and monitoring, forest and riparian
entomology, = endangered  species
research, mitigation, and habitat
management, forensic entomology,
integrated pest management, and land
management.

Sampling of arthropod habitats was
approved in a permit obtained from the
Department of Land and Natural
Resources (DLNR) issued in
September, 2005. Sampling began on
September 30, 2005 and was completed
on October 30, 2005.

The intended purpose of this study is to
update the baseline survey of resident
invertebrates conducted in 2003, and to
gather reliable scientific information
about the current status of arthropods
and other invertebrates at the proposed

INTRODUCTION
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ATST primary and alternative sites
within the HO site.

This study provides a means of
gathering information that can be used
to protect the native Arthropod species
during development and operation of
observatory facilities. ~This study

supports astronomy programs at the
Haleakala High Altitude Observatories
Site by  promoting the good
stewardship of the natural resources
located there.
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IV. PROJECT DESCRIPTION

The Project consists of six tasks. The tasks were:

Task I) Survey the site to determine habitats of interest and the special collecting
methods that may be deployed.

Task II) Install five pitfall traps on each of the proposed ATST primary and
alternative sites.

Task III) Collect under rocks, on vegetation, in leaf litter, and in special habitats (e.g.,
for ground dwelling arthropods).

Task IV)  Retrieve material from pitfall traps after operating for one month.
Task V) Identify and curate of collected specimens.

Task VI)  Prepare a Final Report of Findings.

Review the previous inventories and assessments,

Discuss the current status of resident Arthropods on the proposed ATST
primary and alternative sites ,

Compare the current status to the findings of the 2003 inventory,

List any species of concern or special interest,

PROJECT DESCRIPTION 7
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V. METHODS

Site Description

The  Haleakala  High  Altitude
Observatories (HO) site is located on
Kolekole Hill. The site is at 3,052-m
(10,012-ft) above sea level, adjacent to
Pu’u “Ula'ula, also known as Red Hill,
the highest elevation on Maui, 3,055-m
(10,023-ft).

The 7.3-ha (18.1-ac) site was established
in 1961, and the first telescope, the Mees
Solar observatory was dedicated in
1964. The site now consists of five
telescope facilities.

The proposed ATST primary site is
approximately 0.24-ha (0.60-ac) of
undeveloped land located east of the
existing Mees Solar Observatory
facility. The proposed alternative site is
at Reber Circle, a previously developed
site located north of the existing
MAGNUM telescope facility.

Annual precipitation at these sites
averages 1,349.2-mm (53.14-in), falling
primarily as rain and mist during the
winter months from November through
April. Snow rarely falls at the site.

Monthly mean temperatures range from
10°C (50°F) in February to 14°C (57°F) in
July and August. The average high is

18.5°C (62.5°F), and the average low is
7.3°C (44.8°F). Daily temperatures can
range from below freezing at night to
near 80°F (27°C) during the day. In June,
the average high temperature is 18°C
(65°F), and the average low temperature
is 8°C (47°F) (Weather.com website).

The prevailing Northeast trade winds
occur a majority of the time between
May and November and over 60% of
the time the rest of the year (ATST
website).

Sampling

Prior to sampling, reports and
publications of previous arthropod
surveys and studies were examined to
determine the best approach to sample
the site. Two reports (Beardsley 1980
and Medeiros and Loope 1994) were
extremely useful because they are
specific to the site and nearby crater.
Particular attention was given to the
Arthropod Inventory and Assessment
conducted in 2003 (Pacific Analytics
2003).

After reviewing historical reports it was
decided that ethylene glycol pitfall
traps, foliage beating, and visual
searching would be the most efficient

METHODS 8
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methods to inventory arthropods at this
site.

Light-trapping at night was considered
for sampling nocturnal arthropod
species, but was rejected because of the
potential for disturbance to nearby
active petrel nests. Searches for noctural
arthropods using red-light headlamps
was also considered. It was decided that
while there is a potential to observe
some noctural species using this
method, most would be captured by
pitfall traps that would be open
continuously for one month.

Pitfall Traps

The selection of a trapping technique
used in a study needs to be carefully
considered. If the target species of the
trapping system are rare or important
for another reason (i.e., endangered,
keystone species, etc.) live-trapping
should be considered. Entomologists
have long believed that they can sample
without an impact on the population
being sampled. It has been assumed
that collecting makes only a small
impact on the populations of interest.
While that assumption remains to be
tested,  responsible  entomologists
appropriate trapping
techniques to ensure survival of local
populations of interest.

consider

There have been some concerns
expressed about insects living in the

ground and the small amount of
information ~ known  about their
distribution at the site. Most of the open
ground is scoria, cinder, lapilli, and ash.
A large percentage of this substrate is
composed of ash and sand-sized
particles. When a hole is dug in this
kind of substrate, the sides quickly
collapse and fill in the hole. Pitfall traps
were used to sample this habitat type. It
is unlikely that abundant and active
ground-dwelling arthropods would not
be collected in these traps. Even when
arthropods live in the ground, they
generally must come to the surface to
feed. When they do, they should be
captured by the pitfall traps.

Because sampling was to occur for only
one month, ethylene glycol traps were
used to sample the arthropod ground
fauna. Ethylene glycol pitfall traps are
cups placed into the ground so that the
lip of the cup is level with the substrate.
A small amount of ethylene glycol is
placed into the trap to kill and preserve
specimens that fall into the traps.
Ethylene glycol is used because it has a
low evaporation rate and because it
prevents  specimen  decomposition
during the sampling period.
Additionally, it is easily cleaned from
the specimens.

Catches in pitfall traps record the
activity of ground-active arthropods.
The more active the organism, the more
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likely it is to fall into a trap (Greenslade
1964, Luff 1975, Adis 1979, Baars 1979,
Spence and Niemeld 1994). Pitfall
trapping gives a reliable estimate of the
relative densities of active adult species
(Baars 1979, Rieske and Raffa 1993),
although the method may not be useful
for estimating absolute densities of
species (Briggs 1960, Greenslade 1964,
Adis 1978, Baars 1979, Desender and
Maelfait 1983, Waage 1985). Luff et al.
(1989) concluded that analysis of pitfall
trap data collected under standardized
conditions could lead to meaningful
results.

The results of sampling depend largely
on the species being sampled and the
density of traps at the site. The target of
pitfall trapping in this study was
ground-active arthropod species. The
sampling goal was to place five traps in
each of the proposed ATST sites. Ten
pitfall traps were set at the site on
September 30, 2005, sampling repre-
sentative habitat at each site. The
locations of the pitfall traps are reported
in Figure 1.

Protocol for Setting Traps

Habitat was accessed with a minimum
of disturbance to the habitat and cinder
slopes. Care was taken to prevent
creation of new trails or evidence of foot
traffic. A map of significant historic and
cultural sites was provided by KC
Environmental, Inc., and sampling near

these sites was avoided. Petrel nesting
sites were also identified during a site
review, and no traps were set within the
nesting area.

Sampling stations were selected in
suitable habitat (Step 1). Traps were
installed at each sampling station by
carefully digging into the cinder,
disturbing only the amount of cinder
necessary to set up the trap (Step 2). A
355-ml (12-o0z) plastic cup was inserted
into the hole so that the top of the cup
was slightly below the existing surface
(Step 3). The hole around the cup was
refilled with the cinder that was
removed from the hole and a 10-cm (4-
in) apron of local ash and small-sized
cinder was created around each trap
(Step 4). The apron allows arthropods to
easily walk into the traps.

Traps were set by pouring about 15-ml
(0.5-0z) of ethylene glycol (antifreeze)
into the cups (Step 5). Flagging tape to
mark the locations was wrapped
around cap rocks, ten to fifteen inches
in diameter. The cap rocks were then
placed over each trap such that the
entire trap was shaded from sunlight
(Step 6).

Traps were installed on September 30,
2005, and were checked over the next
two days to determine if they were
capturing a large amount of arthropods.
This was done to ensure that traps
would not have a serious impact on
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resident arthropods. Traps were
collected on October 29, 2005. The
contents of the traps were screened to
remove the ethylene glycol, and dead
arthropod specimens were collected in
vials filled with alcohol. The ethylene
glycol was deposited at a local auto
parts store for recycling. The ground
around the traps was restored to near
original condition.

Setting a pitfall trap near Reber Circle.

METHODS
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Setting an Ethylene Glycol Pitfall Trap

Step 1 Step 2
Select Sampling Site Dig a hole for the trap cup
Step 3 Step 4
Install 12 oz. plastic cup Refill hole and create apron
Step 5 Step 6
Pour in 15 ml of Ethylene glycol Emplace Cap Rock
METHODS 12
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Trap Locations

An effort was made to sample
representative examples of all habitat
types on each of the proposed sites.

Aa flow near Reber Circle
forms a rocky cliff face.

The surface of the substrate on much of
the HO site consists of broken
fragmental ankaramite lavas and
spatter, such as scoria, cinder, and
lapilli, with blankets of cinder and ash
(Bhattacharji 2003). In some areas, aa
lava flows of picrite basalt form large
rock outcrops.

The habitat east of the Mees
Observatory is different than that found

on most of the rest of the HO site, being
relatively level ash and cinder with an
abundance of blocky scoria and cinder.
There is sparse vegetation cover. Traps
were placed near vegetation to
maximize sampling potential.

Habitat at the proposed primary ATST
site east of the Mees Observatory facility.

The Reber Circle site 1is highly
disturbed, and previously developed.
The substrate within the circle is
compacted cinder and ash. The area
surrounding the site has sparse
vegetation cover and little potential
arthropod habitat. Traps were set in
areas near potential arthropod habitats
to maximize sampling potential.
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Trapping Precautions
Cultural and Historic Sites

Care was taken to avoid archeological
sites. These sites have cultural and
historical significance and precautions
were made to prevent their disturbance.
Traps were not placed in or near these
sites.

Habitat was accessed with a minimum
of disturbance to the habitat and cinder
slopes. Care was taken to prevent
creation of new trails or evidence of foot
traffic. A map of significant historic and
cultural sites was provided by KC
Environmental, Inc.

Some sites were marked with white
flagging and others were delineated
with metal fencing to prevent
disturbance.

Sensitive Nesting Sites

Care was also taken to avoid disturbing
nesting petrels. These endangered birds
dig into the cinder to make burrows for
nesting. Nesting is seasonal and was
occurring  during the arthropod
sampling. A map of active petrel nests

was prepared by Haleakala Park Service

Other Sampling

Visual Observations and
Habitat Collecting Under Rocks

Approximately six hours were spent
sampling under rocks, in leaf litter, and
on foliage to locate and collect
arthropods at each site.

Sampling foliage adjacent to Reber Circle.

Collecting on Foliage

The vegetation type at this site is an
Argyroxiphium/Dubatia  alpine  dry
shrubland (Starr and Starr, 2005).
Foliage of various common plant
species was sampled by beating sheet.
A one-meter square beating sheet was
placed under the foliage being sampled
and the branch was hit sharply three
times using the handle of a collecting

staff, and used to ensure that arthropod net.
sampling was not conducted in these
sensitive areas.
METHODS 15

APPENDIX C(1):

UPDATED ARTHROPOD
INVENTORY AND ASSESSMENT

Pacific Anatytics, £.4.C.



T 2 2 2 2 O O O O O O O
ARTHROPOD INVENTORY AND ASSESSMENT
HALEAKALA HIGH ALTITUDE OBSERVATORIES SITE MAUI, HAWALI'I

T T T T T T T T T e e e e e e e e e e e ) T ) T ) T T T T T T T T T T T T T T T T T T T T T T T T T T T T )

Na'ena‘e, Dubautia menziesii, was sampled
using a beating sheet.

Plants sampled using a beating sheet
included na‘ena‘e (Dubautia menziesii),
pukiawe (Styphelia tameiamieae), ohelo
(Vaccinium reticulatum), and others.

Pukiawe, Styphelia tameiameiae, was
sampled using a beating sheet.

Grasses, such as pili uka (Trisetum
glomeratum) and Hairgrass (Deschampsia
nubigena), were also sampled using a
beating sheet. The beating sheet was
placed next to and under the grass
clump and the stems were brushed by
hand to remove arthropods. Common
plants and grasses were also sampled
using a sweep net.

Hairgrass, Deschampsia nubigena, and other
grasses were sampled with a beating sheet.

Plant species that were relatively less
abundant were sampled with special
techniques so as not to disturb their
growth. Sampling was conducted by
carefully inspecting the plants for
arthropods.

Mosses and lichens were visually
inspected for arthropods that may be
restricted to these species. These
species occurred in rock crevices, small
caves, or under overhangs, where they
were protected for strong sunlight.
Care was taken to avoid disturbing
their habitats.

Vegetation was sampled on September
29-30, 2005 and again on October 29-30,
2005. Arthropod specimens were
collected and stored in vials of 70%
ethyl alcohol.
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Quantification and Curation

The contents of the traps were cleaned
in 70% ethyl alcohol and placed in
separate vials for each trap. After
quantifying the trap captures, the
specimens were sorted into the
morphospecies for identification. Hard-
bodied species, such as beetles, true
bugs, large flies and wasps were
mounted on pins, either by pinning the
specimen or by gluing the specimens to
paper points. Pinned specimens were
placed into Schmidt boxes. Soft-bodied
specimens, such as immature stages,
spiders, Collembola, Psyllids, Aphids,
small flies and wasps, and millipedes
and centipedes, were stored in vials
filled with 70% ethyl alcohol.

Identification
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 that were useful for general
identification included The Insects and

Other Invertebrates of Hawaiian Sugar
Cane Fields (Williams 1931), Common
Insects of Hawaii (Fullaway and
Krauss 1945), Hawaiian Insects and
Their Kin (Howarth and Mull 1992),
and An Introduction to the Study of
Insects  Sixth ~ Edition

Triplehorn, and Johnson 1989).

(Borror,

For specific groups specialized keys
were necessary. Most of these had to be
obtained through library searches. Keys
used to identify Heteroptera included
those by Usinger (1936, 1942), Ashlock
(1966), Beardsley (1966, 1977), 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 (1965,a,
1965Db).

Species  identification @ of  those
specimens identified to genus or
species level are unconfirmed and
subject to change after comparison to
specimens in museums.

In many cases changes in family and
generic status and species synonymies
caused species names to change from
those in the keys. Species names used
in this report are those listed in
Hawaiian Terrestrial Arthropod
Checklist Third Edition (Nishida 1997).
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VI. RESULTS AND DISCUSSION

General Observations

The primary site has had minimal
previous disturbed from construction.
Vegetation occurred in the areas largely
undisturbed. It was in these areas where
arthropods were most abundant.

About eighty percent of the Reber Circle
site has been previously disturbed by
construction. Native vegetation occurs
only at the north and east portions of
this site. Arthropods were most
abundant near this vegetation, but some
were collected in pitfall traps from the
compacted and disturbed areas.

A majority of the arthropod specimens
were collected in pitfall traps and on
foliage. Only a small number of
specimens were collected from under
rocks or through general collecting. A
total of twenty arthropod species were
collected representing sixteen families in
nine orders.

Lycosid spiders, Lycosa hawaiiensis
Simon, occurred in nearly all pitfall
traps. They appeared abundantly as
adults and juveniles.

Lycosid spider, Lycosa hawaiiensis,
abundant at the two sites.

This spider is the predominant
predator of the arthropod fauna at the
site (Medeiros and Loope 1994). This
spider was also commonly observed in
visual habitat searches under rocks and
on open ground.

True bugs and leafhoppers were
abundant on the vegetation at both
sites. These endemic species have been
reported from the HO site in previous
surveys.

Other arthropods occurred in low
abundance including small ground
beetles and spiders, Collembola, and
flies. The arthropod fauna collected
during this study will be discussed
according to their taxonomic groups.
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Previous Studies

The summit of Haleakala has been
sampled by several entomologists. Some
of the first specimens known from there
were collected by the Reverend Thomas
Blackburn over 100 years ago. Near the
beginning of the twentieth century,
R.CL. Perkins sampled the upper
reaches of Haleakala. During the first
half of the century other entomologists
who sampled Haleakala included O.H.
Swezey who recorded host plant
information for many insect species,
E.C. Zimmerman who collected
information for the Insects of Hawai'i
series and studied the flightless
lacewings of Haleakala, and D.E. Hardy
who worked extensively with the
Diptera (flies) found there.

Entomological studies continued in the
1960’s when John Beardsley (1966)
investigated species of Nysius that were
disrupting operation of the Haleakala
Observatory. In that study Beardsley
collected fifty-one insect species from 36
families in nine orders from malaise
traps on Pu"u Kolokole.

In 1980, John Beardsley completed his
basic inventory of the insects of the
Haleakala National Park crater district
for the Cooperative National Park
Resources Studies Unit of the University
of Hawai’i at Manoa. This was the first

published report of a thorough
inventory of the upper portion of
Haleakala listing the species collected.
Three hundred and eighty-nine species
of insects representing ninety families
from thirteen orders were collected
from the Crater District in this study.
About 60% of the species were believed
to be endemic to Hawai‘i, and 83
species (21%) were determined to be
endemic to Haleakala.

A previous review of the arthropod
fauna at the Haleakala High Altitude
Observatories Site before the current
study occurred in 1994 (Medeiros and
Loope 1994). The study was limited to
the proposed Air Force Construction
Site. The number of species collected is
not listed in that report. The report
concluded “The study site is basically a
typical but somewhat depauperate
example of the Haleakala aeolian
zone.”

The last inventory of arthropods at the
HO site was conducted in 2003 (Pacific
Analytics). In that study, fifty-eight
arthropod species were identified from
the facility, twenty-nine that are
indigenous to Hawai'i. This current
survey is a site-specific update to that
study.
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Current Survey

Of the twenty arthropod species
collected during this study, at least half
are indigenous Hawaiian species. All
but one of the species collected have
been previously reported from upper
elevations on Haleakala.

Class Arachnida

Order Araneae
Spiders
Lycosidae - Wolf Spiders
Lycosa hawaiiensis Simon
This large endemic wolf spider, Lycosa
hawaiiensis Simon, was frequently
encountered when searching under

rocks and collecting at the site. Adults
and juveniles also occurred in pitfall
traps, averaging a combined fourteen
specimens per trap (~ 6.9 adults and 7.5
juveniles). This is more than were
captured during the 2003 inventory
(combined average of ~10 lycosids per
trap). The increased abundance may be
due to seasonal differences. Sampling in
2003 was conducted during the summer
months when the spiders may be less
active.

Adults of this large predator can reach
up to 2 inches (5 cm) in length. Juveniles
that appeared in traps were as small as 1
cm in length. To protect themselves
from the climatic extremes, Lycosids
construct burrows under rocks by

cementing leaves and wind-blown
detritus together with silk (Medeiros
and Loope 1994). During favorable
conditions, these spiders emerge from
their burrows to hunt for prey.

The wolf spider are most commonly
found under rocks in open cinder
habitat. They occur down to 7,875 ft
(2400 m) on Haleakala, and are also
found on Oahu and Hawai'i.

Linyphiidae - Sheet-web Spiders
Unknown species
Spiders of the family Linyphiidae were

also observed on the site. Linyphiid
spiders are small, usually less then 2
mm in length, and are difficult to see
during visual reconnaissance. Only five
species of these spiders are reported
from Maui, 3 endemic and two
nonindigenous (Nishida 1997).

Ten individuals were collected in pitfall
traps, and none were observed during
habitat searches. They were also
relatively rare during the 1994, and
2003 surveys (Medeiros and Loope,
Pacific Analytics 2003), and their status
is unchanged. This group of spiders is
not well studied and little is known
about their distribution and abundance.
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Class Chilopoda - Centipedes

Centipedes are elongate, flattened
arthropods with 15 or more pairs of
legs, one pair per body segment. They
occur in a variety of habitats, where
they feed on spiders and insects. There
are 24 species of centipedes reported in
Hawai’i, only one from Maui, the
nonindigenous, Mecistocephalus spissus
Wood (Nishida 1997). Nine specimens
of centipedes were collected in this
study. Because of a lack of taxonomic
keys, they were not identified. Five
specimens of the same species were
found in traps during the 2003
inventory.

Class Diplopoda - Millipedes

Millipedes are elongate, wormlike
arthropods with 30 or more pairs of
legs, two pair per body segment.
Millipedes are scavengers and feed on
decaying plant material. There are 25
species known in Hawai‘i, 8 on Maui.

Two specimens of millipedes were
collected in pitfall traps during this
study. Because of a lack of taxonomic
keys, they were not identified. Thirty
specimens were collected during the
2003 inventory, generally from the
northern sections of the HO site.

Class Insecta
Order Coleoptera
Beetles

Beetles are the most diverse group of
arthropods in Hawai‘i. There are 1,983
species of beetles reported in Hawai'i
(Nishida 1997), 544 on Maui (B.P.
Bishop Museum 2002).

Five species of beetles were found
during this study, one endemic to
Hawai‘i. In his 1980 study, Beardsley
reported 45 species from the Crater
District of Haleakala, including 29
endemic species. In previous arthropod
surveys at the Haleakala High Altitude
Observatories Site, fewer than 10
species were reported, only one of
which is endemic (Medeiros and Loope
1994, Pacific Analytics 2003).

Carabidae - Ground Beetles
Bembidion molokaiense (Sharp)

This endemic species was identified
during the 2003 inventory, and was
also recorded from Haleakala in 1980
near the Kuiki Trail at 6,400 ft (1,950
m). Five specimens of this species were
collected, only one was collected in
2003. Identification

The other endemic carabid beetle
identified in 2003, Blackburnia rupicola
(Blackburn), did not occur during this
inventory. It was uncommon during
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the 2003 survey, occurring only twice
from the northern areas of the HO site.

Coccinellidae - Ladybird Beetles
Coccinella septempunctata L.

This  non-indigenous  beetle  was

purposely introduced as a biocontrol for

aphids. Four individuals were collected

from Na'ena’e on the Reber Circle site.

Cryptophagidae - Silken Fungus Beetles
Cryptophagus sp.

No species of this family are known to
be indigenous to Hawai'i. This genus is
cosmopolitan in distribution. These
small beetles feed on fungi, decaying
vegetation, and similar materials, and
usually occur in decaying vegetable
matter. One specimen was collected
from a pitfall trap, and represents the
first record of this genus in Hawai'i.

Lathridiidae - Minute Brown Scavenger
Beetles
Aridius notifer (Westwood)

Only one specimen of this non-
indigenous beetle was collected. It
occurs on other main islands in Hawai'i
and is not considered a pest. This
specimen represents a new record for
the upper elevations of Haleakala.

Staphylinidae - Rove Beetles

Unknown species
Three individuals of this species
occurred in pitfall traps. They appear to
be in the subfamily Aleocharinae, a

difficult taxonomic group. Species of
this group in Hawai'i are adventive,
cosmopolitan, and common.

Order Collembola - Springtails

Collembola are small, insect-like
arthropods. They are abundant and
ubiquitous, exceeding all other insects
in numbers of individuals (Christiansen
and Bellinger 1992). Most species are
detritivors and few are pests. One
hundred and sixty-nine species of
Collembola are found in Hawai'i, sixty
on Maui (Nishida 1997).

Because of their small size (0.25-6-mm),
Collembola are seldom observed or
reported. Only three were trapped in
pitfalls at the primary site, but 40 were
found in pitfalls at Reber Circle
representing at least two species. In
1980, five species of Collembola were
reported from the Crater District of
Haleakala. In 2003 Collembola were
abundant in pitfall traps, occurring in
the hundreds in some locations,
especially on the outer northwest
slopes of Puu Kolekole, but
uncommon in the southern part of the
HO site.

Order Diptera -Flies
In previous studies on Haleakala , more

than 115 species of flies were recorded
(Beardsley 1980, Medeiros and Loope
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1994, Pacific Analytics 2003). Only a few
of those species were recorded near the
summit of the volcano.

During this study, five species of flies
were captured. The most abundant were
nonindigenous ~ humpbacked  flies
(Phoridae). These flies develop in dead
organic materials, especially decaying
vegetation. It is likely that these flies are
blown to the HO site by diurnal winds
from the surrounding lowlands.
Calliphoridae - Blue Bottle Flies
Calliphora vomitoria (L.)

This non-indigenous fly is widespread
throughout the World. It occurs on all
the main islands of Hawai'i at higher
elevations. It is one of the largest species
of this family, commonly ovipositing on
meat and other organic matter (Hardy
1981).

Phoridae - Humpbacked Flies

Megaselia setaria (Malloch)
This fly is an immigrant from Guam,
and has been recorded from Kauai,
Oahu, and Maui.

Sarcophagidae - Flesh Flies

Blaesoxipha plinthopyga (Wiedemann)
This non-indigenous species scavengers
on dead animal material. Individuals
are abundant around the leach field on
the northeast portion of the HO site.

Sciaridae - Dark-winged Fungus Gnats
Bradysia sp.

There are five species of this genus that

occur on Maui, two endemic, and three

adventive. All five occur on other main

islands and are not rare.

Tipulidae - Craneflies

Limonia hawaiiensis (Grimshaw)
This endemic species is common on all
the main islands of Hawai'i (Hardy
1960).

Order Heteroptera - True Bugs

The order Heteroptera contains 408
species in Hawai'i, 304 of which are
endemic. Most species feed on plants,
inserting their straw-like mouth parts
into the plant to extract the juices. Some
species are predaceous.

Forty species of true bugs were
recorded during the 1980 Crater
District inventory on Haleakala, but
most occurred well below the summit
area. Fight species of true bugs were
recorded during the investigation
conducted on the Haleakala High
Altitude Observatories Site in 1966. Of
these six species, only three actually are
residents of the site (Beardsley 1966). In
the 2003 inventory, eight true bugs
were identified, all endemic.
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In the current study, three species of
true bugs, all endemic to Hawai'i , were
found in pitfall traps and on plants.

Lygaeidae - Seed Bugs
Nysius nemorivagus White
This endemic species of true bug was

common at both sites on Dubautia
menziesii. Three individuals were
captured in pitfall traps. This species is
known to accumulate in large
aggregations at the site and can disrupt
observatory operations (Beardsley 1966).
It was abundant during the 2003 survey.

Lygaeidae, Nysius nemorivagus White,
were common on foliage at the sites.

Nysius lichencola Kirkaldy
This endemic species was described
from specimens that were collected on
Haleakala above 2,133-m (7,000-ft). Only
one specimen was collected.

Miridae - Plant Bugs

Orthotylus sp.
This nearly cosmopolitan genus
contains a larger number of described

species in Hawai'i than any other
genus of endemic Miridae.

Order Homoptera
Psyllids, Aphids, and Hoppers

The order Homoptera is another large
and diverse group of insects. There are
695 species of Homoptera found in
Hawai’i, 386 considered endemic
(Nishida 1997). All species feed on
plant juices and like the Heteroptera,
they use their straw-like mouthparts to
feed.

In the 1980 insect inventory of the
Crater District of Haleakala, 44 species
of Homoptera were found on various
plants, but only nine species occurred
above 8,000 ft. In his investigation in
1966, Beardsley (1966) found only two
species of Homoptera at the Haleakala
High Altitude Observatories Site. Nine
species of Homoptera were identified
in the 2003 inventory.

Cicadellidae - Leafhoppers
Nesophrosyne sp.

Two adult specimens of this endemic

genus were collected from pitfalls, but

immatures were abundant on Dubautia

menziesii, and in pitfalls.

Order Hymenoptera - Bees and Wasps

Bees and wasps are common in
Hawai‘i. There are 1,270 species that
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occur in Hawai‘i. Of these species, 652
are endemic to Hawai'i that consist
largely of small parasitic wasps, mud-
daubers, and yellow-faced bees. The
yellow-faced bees (family Colletidae)
are important pollinators of native
plants (Howarth and Mull 1992). Many
of the nonindigenous species were
purposely released for biological control
of agricultural pests.

Another important group of
Hymenoptera are the ants (family
Formicidae). There are no endemic ants
in Hawai‘i, but at least forty-four species
that now occur here. All were
accidentally transported to Hawai'i
where they have become a major threat
to native arthropods. No ants were
found during this study, and none were
reported in previous studies.

Only one species of Hymenoptera were
collected during this study, a very small
parasitic wasp. Hymenoptera were
relatively uncommon at the site, a
similar finding as that recorded in 1994
(Medeiros and Loope). In an earlier
investigation (Beardsley 1966), 12
species of Hymenoptera were collected
at the site, mostly small parasitic wasps.
Most of the species are not likely
residents of the site and probably are
carried by winds from lower elevations.
The status of this group is largely
unchanged since 1966.

Order Lepidoptera
Moths and Butterflies

There are 1,148 species of moths and
butterflies found in Hawaii, a majority
(957) of which are endemic. Many of
the endemic species are small moths
with a wingspan of less than 1 cm
(Howarth and Mull 1992).

Endemic Lepidoptera in Hawai‘i have
made a remarkable feeding adaptation.
In most of the World, butterfly and
moth larvae are plant feeders. In
Hawai‘i several species of butterflies
and moths have been found to be
insectivorous. Larvae of some forest
inch worms (family Geometridae)
species are ambush predators that
blend imperceptibly into  their
surroundings. Small hairs and nerves
on their backs indicate the presence of
prey. In a fraction of a second the
caterpillar can snap backward and grab
its meal with pincer-tipped forelegs.

In higher elevations, larvae of some
moths may feed on wind-blown
lowland arthropods that become
moribund as nighttime temperatures
drop. They may also eat the leaves of
the few plants that occur in their
habitat.
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Noctuidae - Noctuid Moths

Agrotis sp.
Caterpillars of this genus were captured
in pitfall traps, averaging less than one
per trap during the study. This is about
the same capture rate measured in the
2003. survey.

Not more than 6 species of Lepidoptera
have been reported from Pu'u Kolekole
during previous studies (Beardsley
1966, 1980, Medeiros and Loope 1994).
No specimens of the Haleakala flightless
moth were collected at either site.
Adults of this species appeared in pitfall
traps during the 2003 survey in low
abundance at locations near the current
study areas. The lack of occurrence in
this survey may be due to seasonal
variation in activity and abundance.

Summary of the Arthropod Fauna

The arthropods species that were
collected during this study were typical
of what has been found during previous
studies. No species were found that are
locally unique to the site. Nor were any
species found whose habitat is
threatened by normal observatory
operations.

The diversity of the arthropod fauna at
the Haleakala High Altitude
Observatories Site is somewhat less than
what has been reported in adjacent,
undisturbed habitat. This could be

expected given the fact that about 40%
of the site is occupied by buildings,
roads, parking areas, and walkways.
Also, much of the ground surrounding
the buildings 1is disturbed and
compacted from observatory
operations. However, the undisturbed
habitat on the site that was sampled has
an arthropod fauna generally similar to
what could be expected from other sites
on the volcano with similar
undisturbed habitat.

While development of the site has
impacted the availability of some
habitat locally, it has only affected a
small amount of the available habitat
on the volcano overall. The 7.3-ha (18.1-
ac) facility occupies less than one
percent of similar habitat available on
the volcano (MacDonald 1978). The
undisturbed portions of the Haleakala
High Altitude Observatories Site is
representative of the surrounding
habitat on Haleakala.

The two proposed ATST sites represent
an even smaller portion of the habitat
overall on Haleakala. The Reber Circle
site was previously developed and has
very sparse vegetation to support
arthropods. The ground here is largely
compacted, and lacks the structure
necessary for most ground-dwelling
arthropods. Only the surrounding,
undisturbed areas contains habitats in
which arthropods can survive. The
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diversity and abundance of arthropods
at this site is very low.

The primary proposed ATST site east of
the existing Mees Solar Telescope
facility is largely undisturbed. Native
vegetation is more abundant here, and
the undisturbed nature of the substrate
provides excellent microhabitats for
arthropods.  The  diversity  and
abundance of arthropods here is greater
than that of the Reber Circle site, but is
low compared to the HO site in general
and to the surrounding undisturbed
habitats found elsewhere on Haleakala.

Most of the arthropods collected during
this study were largely associated with
the vegetation at the site. Development
of either of the proposed sites for the
ATST will diminish only slightly the
presence of the native vegetation in the
general area of the HO, and therefore
not threaten the persistence of any
arthropod species found at the sites. The
vegetation cover at these sites is only a
small portion of the overall habitat
available elsewhere on Haleakala.

Only a few exclusively ground-dwelling
species were found during this study.
These include the wolf spider, ground
beetle, and Collembola. These species
make their home under rocks and in
crevices and do not burrow into the
cinder substrate. No obvious threats to
these species survival were evident at

either of the proposed ATST sites,
although development of the primary
site  will displace some arthropod
habitat.

One of the biggest concerns of past
evaluations was the presence of ants.
None were found during this study,
but ants are reported from nearby
National Park facilities. With some
practical precautions, the site should
remain ant free.

Other alien arthropod species also have
the potential to impact the native
ecosystem. No obviously threatening
alien species were found during this
study and with similar precautions as
those used for ants, none should be
introduced by the ATST observatory
construction or operation. The harsh
environment of this aeolian ecosystem
should make it difficult for most alien
species to establish populations.

Comparison of the results of this
update to the 2003 Arthropod
Fauna survey

Fewer species of arthropods were
identified in this survey than were
reported in the 2003 survey. This was
probably due to restricting the
sampling to a smaller area, the two
proposed ATST sites. These two sites
contain fewer microhabitats than can be
found at the HO facility overall.
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The trap capture rates of the species
collected were similar to those from
traps in similar locations during the
2003 survey, although some seasonal
variation was evident. Evidently the
construction activity in the adjacent
areas has not impacted the arthropod
fauna, except where habitat was
removed.

It is unlikely that development of either
of the proposed ATST sites will have an
serious impact to arthropod species
that occur at the sites beyond the limits
of the HO facility.

The development of the ATST facility
will diminish a small amount of
arthropod habitat, including the
presence of native plants, and thereby
reduce native arthropod species
diversity and abundance at the
proposed ATST sites, but is not likely to
have a direct impact on the persistence
of arthropod species on Haleakala.

RESULTS AND DISCUSSION 28

APPENDIX C(1):

UPDATED ARTHROPOD
INVENTORY AND ASSESSMENT

Pacific Anatytics, £.4.C.



T 2 2 2 2 O O O O O O O
ARTHROPOD INVENTORY AND ASSESSMENT
HALEAKALA HIGH ALTITUDE OBSERVATORIES SITE MAUI, HAWALI'I

T T T T T T T T T e e e e e e e e e e e ) T ) T ) T T T T T T T T T T T T T T T T T T T T T T T T T T T T )

VII. BIBLIOGRAPHY

Adis, J. 1978. Problems interpreting arthropod sampling with pitfall traps. Zoologischer
Anzeiger Jena 202(3-4):177-184.

Ashlock, P.D. 1966. New Hawaiian Orsillinae (Hemiptera-Heteroptera: Lygaeidae). Pac
Ins 8(4): 805-825.

Baars, M.A. 1979. Catches in pitfall traps in relation to mean densities of carabid beetles.
Oecologia (Berlin) 41:25-46.

Beardsley, ].W. 1961. A review of the Hawaiian Braconidae (Hymenoptera). Proc Haw
Ent Soc 17(3): 333-366.

Beardsley, ].W. 1966. Investigations of Nysius spp. And other insects at Haleakala , Maui
during 1964 and 1965. Proceedings of the Hawaiian Entomological Society 19(2):187-
200.

Beardsley, J.W. 1969. The Anagyrina of the Hawaiian Islands (Hymenoptera:
Encyrtidae) with descriptions of two new species. Proc Haw Ent Soc 20(2): 287-310.

Beardsley, ].W. 1976. A synopsis of the Encyrtidae of the Hawaiian Islands with keys to
genera and species (Hymenoptera: Chalcidoidae). Proc Haw Ent Soc 22(2): 181-228.

Beardsley, JW. 1977. The Nysius Seed Bugs of Haleakala National Park, Maui
(Hemiptera: Lygaeidae: Orsillinae). Proceedings of the Hawaiian Entomological Society
22:443-450.

Beardsley, JJW. 1977. Notes on Eupithecia scoriodes, Megalotica holombra, and Hodegia
apatela. Notes and Exhibitions. Proceedings of the Hawaiian Entomological Society
22:400, 402.

Beardsley, JJW. 1980. Haleakala National Park Crater District Resources Basic
Inventory: Insects. University of Hawai'i at Manoa, Department of Botany, Cooperative
National Park Resources Studies Unit Technical Report 31. 49 pages.

Bhattacharji, S. 2003. Geological Survey of the University of Hawai'i Haleakala
Observatories at Haleakala Summit Region, East Maui, Hawai'i.

BIBLIOGRAPHY 29

APPENDIX C(L): Pacific nalytics, LLC.

UPDATED ARTHROPOD
INVENTORY AND ASSESSMENT



T 2 2 2 2 O O O O O O O
ARTHROPOD INVENTORY AND ASSESSMENT
HALEAKALA HIGH ALTITUDE OBSERVATORIES SITE MAUI, HAWALI'I

T T T T T T T T T e e e e e e e e e e e ) T ) T ) T T T T T T T T T T T T T T T T T T T T T T T T T T T T )

Bishop Museum. 2002. Searchable Hawaiian Arthropod Checklist Database.
http:/ /www2.bishopmuseum.org/HBS/ checklist/ query.asp?grp=Arthropod.

Briggs, J.B. 1960. A comparison of pitfall trapping and soil sampling in assessing
populations of two species of ground beetles (Coleoptera: Carabidae). Annual Report
East Malling Research Station. 108-112.

Borror, D.J., C.A. Triplehorn, and N.F. Johnson. An Introduction to the Study of Insects.
Sixth Edition. Saunders College Press, San Francisco.

Chatterjee, N., Fein, C, Bhattacharji, S. Rejuvinated-stage Lavas and Depth of Magma
Reservoirs at the Kolekole Volcanic Center, Southwest Rift Zone, East Maui, Hawai'i ;
Journal of Volcanology and Geothermal Research, Elsevier, 2003, in Press.

Christiansen, K. and P. Bellinger. 1992. Insects of Hawai‘i Collembola. Volume 15.
University of Hawai’i Press, Honolulu. 445 pp.

Cole, F.R., A.C. Medeiros, L.L. Loope &W.W. Zuehlke. 1992. Effects of the argentine ant
on arthropod fauna of Hawaiian high-elevation shrubland. Ecology 73(4): 1313-1322.

Cushman, R.A. 1944. The Hawaiian species of Enicospilus and Abanchogastra
(Hymenoptera: Ichneumonidae). Proc Haw Ent Soc 12(1): 39-56.

Daly, H.V. and KN. Magnacca 2003 Hawaiian Hylaeus (Nesoprosopis) Bees
(Hymenoptera:Apoidea) Volume 17. University of Hawai‘i Press, Honolulu. 234 pp.

Desender, K.R.C. and.-P. Maelfait. 1983. Populations restoration by means of dispersal,
studied for different carabid beetles (Coleoptera:Carabidae) in pasture ecosystem. In P.
Lebrun, H.M. Andre, A. de Medts, C. Gregoire-Wibo, and G. Wathy (editors). New
Trends in Soil Biology. Proceedings of the VIII International Colloquium of Soil
Zoology. Louvain-la-Neuve (Belgium). 30 August - 2 September, 1982.

Fullaway, D.T. & N.L.H. Krauss. 1945. Common Insects of Hawai‘i. Tongg Publishing
Co., Honolulu. 228 pp.

Gagne, W.C. 1997. Insular Evolution, Speciation, and Revision of the Hawaiian Genus
Nesiomiris (Hemiptera:Miridae). Bishop Museum Bulletin in Entomology 7. Bishop
Museum Press, Honolulu.

Gambino, P., A. C. Medeiros, and L. L. Loope. 1990. Invasion and colonization of upper
elevations on East Maui (Hawai‘i, U.S.A.) by the western yellowjacket Vespula

BIBLIOGRAPHY 30

APPENDIX C(L): Pacific nalytics, LLC.

UPDATED ARTHROPOD
INVENTORY AND ASSESSMENT



T 2 2 2 2 O O O O O O O
ARTHROPOD INVENTORY AND ASSESSMENT
HALEAKALA HIGH ALTITUDE OBSERVATORIES SITE MAUI, HAWALI'I

T T T T T T T T T e e e e e e e e e e e ) T ) T ) T T T T T T T T T T T T T T T T T T T T T T T T T T T T )

pensylvanica (Hymenoptera: Vespidae). Annals of the Entomological Society of
America 83(6): 1087-1095.

Greenslade, P.J.M. 1964. Pitfall trapping as a method for studying populations of
Carabidae (Coleoptera). Journal of Animal Ecology 33(2):301-310.

Hardy, D.E. 1960. Diptera: Nematocera-Brachycera. Insects of Hawai‘i. A manual of the
insects of the Hawaiian Islands, including an enumeration of the species and notes on
their origin, distribution, hosts, parasites, etc. Volume 10. Diptera: Nematocera--
Brachycera. University of Hawai’i Press, Honolulu. ix + 368 pp.

Hardy, D.E. 1964. Lonchopteridae. Pp. 257-262 In: E.C. Zimmerman. Insects of Hawai‘i.
A manual of the insects of the Hawaiian Islands, including an enumeration of the
species and notes on their origin, distribution, hosts, parasites, etc. Volume 11. Diptera:
Brachycera, Family Dolichopodidae. Cyclorrhapha, series Aschiza. Families
Lonchopteridae, Phoridae, Pipunculidae, and Syrphidae. University of Hawai'i Press,
Honolulu. vii + 458 pp.

Hardy, D.E. 1964. Pipunculidae. Pp. 302-379 In: E.C. Zimmerman. Insects of Hawai'i. A
manual of the insects of the Hawaiian Islands, including an enumeration of the species
and notes on their origin, distribution, hosts, parasites, etc. Volume 11. Diptera:
Brachycera, Family Dolichopodidae. Cyclorrhapha, series Aschiza. Families
Lonchopteridae, Phoridae, Pipunculidae, and Syrphidae. University of Hawai'i Press,
Honolulu. vii + 458 pp.

Hardy, D.E. 1964. Syrphidae. Pp. 380-419 In: E.C. Zimmerman. Insects of Hawai‘i. A
manual of the insects of the Hawaiian Islands, including an enumeration of the species
and notes on their origin, distribution, hosts, parasites, etc. Volume 11. Diptera:
Brachycera, Family Dolichopodidae. Cyclorrhapha, series Aschiza. Families
Lonchopteridae, Phoridae, Pipunculidae, and Syrphidae. University of Hawai‘i Press,
Honolulu. vii + 458 pp.

Hardy, D.E. 1965. Diptera: Cyclorrhapha II, series Schizophora, section Acalypterae I,
family Drosophilidae. Insects of Hawai'i. A manual of the insects of the Hawaiian
Islands, including an enumeration of the species and notes on their origin, distribution,
hosts, parasites, etc. Volume 12. University of Hawai'i Press, Honolulu. vii + 814 pp.
Hardy, D.E. 1966. Descriptions and notes on Hawaiian Drosophilidae (Diptera). Pp.
195-244 In: M.R. Wheeler (ed.). Studies in genetics. III. Morgan centennial issue. The
University of Texas, Austin. vi + 563 pp.

BIBLIOGRAPHY 31

APPENDIX C(L): Pacific nalytics, LLC.

UPDATED ARTHROPOD
INVENTORY AND ASSESSMENT



T 2 2 2 2 O O O O O O O
ARTHROPOD INVENTORY AND ASSESSMENT
HALEAKALA HIGH ALTITUDE OBSERVATORIES SITE MAUI, HAWALI'I

T T T T T T T T T e e e e e e e e e e e ) T ) T ) T T T T T T T T T T T T T T T T T T T T T T T T T T T T )

Hardy, D.E. 1981. Diptera: Cyclorrhapha IV, series Schizophora, section Calyptratae.
Insects of Hawaii. A manual of the insects of the Hawaiian Islands, including an
enumeration of the species and notes on their origin, distribution, hosts, parasites, etc.
Volume 14. University of Hawai’i Press, Honolulu. vi + 491 pp.

Hardy, D.E. & M.D. Delfinado. 1980. Diptera: Cyclorrhapha III, series Schizophora,
section Acalypterae, exclusive of family Drosophilidae. Pp. 1-451 In: Insects of Hawai'i.
A manual of the insects of the Hawaiian Islands, including an enumeration of the
species and notes on their origin, distribution, hosts, parasites, etc. Volume 13.
University of Hawai’i Press, Honolulu. vi + 451 pp.

Howarth, F.G. 1976. The larval habitat of Hodegia apatela Walsingham. Notes and
Exhibitions. Proceedings of the Hawaiian Entomological Society 23:14.

Howarth, F.G. 1979. Pacific Insects 20:133-144.

Howarth, F. G. 1985. Impacts of alien land arthropods and mollusks on native plants
and animals in Hawai‘i. Pages 149-179 in Stone, C. P. and J. M. Scott (editors). Hawai‘i’s
Terrestrial Ecosystems Preservation and Management. University of Hawai‘i Press,
Honolulu. 584 pp.

Howarth, F.G. 1987. Evolutionary ecology of Aeolian and subterranean habitats in
Hawai'i. Trends in Ecology and Evolution 2(7):220-223.

Howarth, F.G., G.J. Brenner, and D.J. Preston. 1999. An Arthropod Assessment within
selected areas of the Mauna Kea Science Reserve. Final Report. Contribution No. 1999-
006 to the Hawai‘i Biological Survey.

Howarth, F.G. and S.L. Montgomery. 1980. Notes on the ecology of the high altitude
aeolian zone on Mauna Kea. “Elepio 41(3):21-22.

Howarth, F.G. and W.P. Mull. 1992. Hawaiian Insects and their Kin. University of
Hawai’i Press, Honolulu.

Howarth, F.G. and G.W. Ramsey. 1989. The conservation of island insects and their
habitats. Chapter 4 in The Conservation of Insects and Their Habitats, N.M. Collins and J.A.
Thomas, editors. Academic Press.

Kobayashi, H.K. 1973. Preliminary investigations of insects affecting the reproductive
stage of the Silversword (Argyroxiphium sandwicense DC.) Compositae, Haleakala
Crater, Maui Hawai'i. Proceedings of the Hawaiian Entomological Society 21:397-402.

BIBLIOGRAPHY 32

APPENDIX C(L): Pacific nalytics, LLC.

UPDATED ARTHROPOD
INVENTORY AND ASSESSMENT



T T T T T T e T T e e e e e e e e e e T e ) ) ) ) ) ) T T T T T T T T T T T T T T T T ) T T T T ) T T ) T ) )

ARTHROPOD INVENTORY AND ASSESSMENT
HALEAKALA HIGH ALTITUDE OBSERVATORIES SITE MAUI, HAWALI'I

T T T T T T T T T e e e e e e e e e e e ) T ) T ) T T T T T T T T T T T T T T T T T T T T T T T T T T T T )

Liebherr, J.K. and E.C. Zimmerman 2000. Hawaiian Carabidae (coleopteran), Part 1:
Introduction and Tribe Platynini. Volume 16. University of Hawai‘i Press, Honolulu.
494 pp.

Luff, M.L. 1975. Some features influencing the efficiency of pitfall traps
Oecologia(Berlin) 19:345-357 Mispagel, M.E. and E.L. Sleeper. 1982. Density and
biomass of surface-dwelling macroarthropods in the northern Mojave desert.
Environmental Entomology 12:1851-1857.

Luff, M.L., M.D. Eyre, and S.P. Rushton. 1989. Classification and ordination of habitats
of ground beetles (Coleoptera:Carabidae) in north-east England. Journal of
Biogeography 16:121-130.

MacDonald, G.A. 1978. Geologic Map of the Crater Section of Haleakala National Park,
Maui, Hawaii. U.S. Department of Interior, U.s. Geological Survey, Geologic
Investigations Series Map 1-1088.

Medeiros, A.C. and L.L. Loope. 1994. A Review of the Arthropod Fauna at the Proposed
Air Force Facility Construction Site at the Summit Area of Haleakala Volcano, Maui,
Hawai'i. Report prepared for KC Environmental, Inc., Makawao, Hawai'i. 4 pages.

Nishida, G. M. 1997. Hawaiian Terrestrial Arthropod Checklist Third Edition. Hawai'i
Biological Survey. Bishop Museum Technical Report No. 12. Bishop Museum,
Honolulu.

NDPS. 2005. Haleakala National Park Official Website.
http:/ /www.nps.gov/hale/pages/tier_two/living_culture.htm.
Accessed December 17, 2005.

Pacific Analytics, LLC. 2003. Arthropod Inventory and Assessment. Haleakala High
Altitude Observatory Site, Maui, Hawai'i. Prepared for KC Environmental Co., Inc.
Makawao, Hawai'i.

Perkins, R.C.L. 1899-1913. Fauna Hawaiiensis. Cambridge-at-the-University-Press.

Rieske, L.K. and K.F. Raffa. 1993. Potential use of baited pitfall traps in monitoring Pine
Root Weevil, Hylobius pales, Pachylobius picivorus, and Hylobius radicis
(Coleoptera:Curculionidae) populations and infestation levels. Journal of Economic
Entomology 86:475-485.

BIBLIOGRAPHY 33

APPENDIX C(L): Pacific nalytics, LLC.

UPDATED ARTHROPOD
INVENTORY AND ASSESSMENT



T 2 2 2 2 O O O O O O O
ARTHROPOD INVENTORY AND ASSESSMENT
HALEAKALA HIGH ALTITUDE OBSERVATORIES SITE MAUI, HAWALI'I

T T T T T T T T T e e e e e e e e e e e ) T ) T ) T T T T T T T T T T T T T T T T T T T T T T T T T T T T )

Sailer, R. I. 1983. History of insect introductions. Pages 15-38 in C.L. Wilson and C.L.
Graham (editors). Exotic Plant Pests and North American Agriculture. Academic Press,
New York.

Sharp (ed). 1899-1913. Fauna Hawaiiensis. Cambridge-at-the-University-Press.

Spence, J.R. and J.K. Niemeld. 1994. Sampling carabid assemblages with pitfall traps:
The madness and the method. The Canadian Entomologist 126:881-894.

Starr, F. and K. Starr, 2002. Botanical Survey University of Hawai'i “Haleakala
Observatories” Island of Maui, Hawai‘i.

Starr, F. and K. Starr, 2005. Botanical Survey, The Advanced Technology Solar
Telescope (ATST), “Science City”, Island of Maui, Hawai'i.

Swezey, O.H. 1954. Forest Entomology in Hawai'i. B.P. Bishop Museum Special
Publication 44. Bishop Museum Press, Honolulu.

Tentorio, J.M. 1969. Insects of Hawai'i Volume 11, Supplement. Diptera:
Dolichopodidae Appendix (Phoridae). University of Hawai‘i Press, Honolulu. 73 pp.

Townes, H. 1958. Insects of Micronesia Hymenoptera: Ichneumonidae, Stephanidae,
and Evaniidae. Insects of Micronesia 19(2):35-87. B.P. Bishop Museum, Honolulu.

Usinger, R.L. 1936. The genus Geocoris in the Hawaiian Islands (Lygaeidae,
Hemiptera). Proc Haw Ent Soc 9(2): 212-215.

Usinger, R.L. 1942. The genus Nysius and its allies in the Hawaiian Islands (Hemiptera,
Lygaeidae, Orsillini). Bull B P Bishop Mus 173: 1-167. 13 plates.

Waage, B.E. 1985. Trapping efficiency of carabid beetles in glass and plastic pitfall traps
containing different solutions. Fauna Norvegica Ser. B. 32:33-36.

Watanabe, C. 1958. Insects of Micronesia Hymenoptera: Eucharidae. Insects of
Micronesia 19(2):1-34. B.P. Bishop Museum, Honolulu.

Williams, F.X. 1931. Handbook of the insects and other invertebrates of Hawaiian sugar
cane fields. Hawaiian Sugar Planters' Association, Honolulu. 400 pp.

Yoshimoto, C.M. 1965. Synopsis of Hawaiian Eulophidae including Aphelininae (Hym.:
Chalcidoidea). Pac Ins 7(4): 665-699.

BIBLIOGRAPHY 34

APPENDIX C(L): Pacific nalytics, LLC.

UPDATED ARTHROPOD
INVENTORY AND ASSESSMENT



T 2 2 2 2 O O O O O O O
ARTHROPOD INVENTORY AND ASSESSMENT
HALEAKALA HIGH ALTITUDE OBSERVATORIES SITE MAUI, HAWALI'I

T T T T T T T T T e e e e e e e e e e e ) T ) T ) T T T T T T T T T T T T T T T T T T T T T T T T T T T T )

Yoshimoto, C.M. 1965. The Hawaiian Thysaninae (Hym.: Chalcidoidea: Encyrtidae).
Pac Ins 7(4): 703-704.

Yoshimoto, C.M. and T. Ishii. 1965. Insects of Micronesia Hymenoptera: Chalcidoidea:
Eulophidae, Encyrtidae (part), Pteromalidae. Insects of Micronesia 19(4):109-178. B.P.

Bishop Museum, Honolulu.

Zimmerman, E.C. 1946. A Remarkable New Pseudopsectra from Maui (Neuroptera:
Hermerobiidae). Proceedings of the Hawaiian Entomological Society 12(3):659-661.

Zimmerman, E.C. 1948-1980. Insects of Hawai'i. University of Hawai'i Press, Honolulu.

BIBLIOGRAPHY 35

APPENDIX C(L): Pacific nalytics, LLC.

UPDATED ARTHROPOD
INVENTORY AND ASSESSMENT



(2) SUPPLEMENTAL ARTHROPOD SAMPLING
AT THE
HALEAKALA HIGH ALTITUDE OBSERVATORIES
MAUI, HAWAI' |
Advanced Technology Solar Telescope

Primary and Alternative Sites

March 2007

Prepared for

KC Environmental, Inc.
Makawao, Hawai'i

Pacifie rtnatytics, L. L. C.

Natural Resource Consultants
P.O. Box 1064
Corvallis, Oregon 97339
www.statpros.com

APPENDIX C(2):
SUPPLEMENTAL ARTHROPOD SAMPLING



Prepared by:

Pacific Analytics, L.L.C.
Post Office Box 1064
Corvallis, Oregon 97339
Tel. (541) 758-9352
mail@statpros.com
www.statpros.com

Gregory Brenner
Senior Associate / Project Manager

The pictures contained in this report are
for the exclusive use by Pacific
Analytics, L.L.C and its clients. All
photographs are copyrighted by Pacific
Analytics, L.L.C. and may not be
reproduced or used without the express
written permission of Pacific Analytics,
L.L.C.

APPENDIX C(2):
SUPPLEMENTAL ARTHROPOD SAMPLING



2 2 2 2 O O O O O O O O O O )
SUPPLEMENTAL ARTHROPOD SAMPLING
HALEAKALA HIGH ALTITUDE OBSERVATORIES MAUI, HAWALI'I

T T T T T T T T T e e e e e e e e e e e e T T ) T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ) )

SUPPLEMENTAL ARTHROPOD SAMPLING
AT THE
HALEAKALA HIGH ALTITUDE OBSERVATORIES
MAUI, HAWAI'I

Advanced Technology Solar Telescope
Primary and Alternative Sites

March 2007

I. TABLE OF CONTENTS

Page
L. TABLE OF CONTENTS .....ueeteetcenteetneistennesesnssesssssssssesnens 1
II. EXECUTIVE SUMMARY ....itieinncinnensesennsensssessssessssssssssssasens 2
ITII. INTRODUCTION .....cuoiirtrrerirtrenneennsnessssessssssssssssssssssssssssssssssssssssssssasns 3
IV. PROJECT DESCRIPTION ......covierirernnieesnnnenssenssssnssssesnssssessssesnssssssns 6
V. METHODS ....eteintcineenncnssessessssessssesssssssssssessssssssssssssssssses 7
VI. RESULTS AND DISCUSSION .......coverirreerrnernnreesssessssessssssssssssssssssnes 10
VII. BIBLIOGRAPHY ...uieiieinteeninnensnennsesssssesnssesssssessssssssssssssssssnssssnss 17

TABLE OF CONTENTS
Pacific Analytics, L.L.C.
APPENDIX C(2):

SUPPLEMENTAL ARTHROPOD SAMPLING



2 2 2 2 O O O O O O O O O O )
SUPPLEMENTAL ARTHROPOD SAMPLING
HALEAKALA HIGH ALTITUDE OBSERVATORIES MAUI, HAWALI'I

T T T T T T T T T e e e e e e e e e e e e T T ) T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ) )

II. EXECUTIVE SUMMARY

The Haleakala volcano on the island of
Maui is one of the highest mountains in
Hawai'i, reaching an elevation of 3,055-
m (10,023-ft) at its summit on Pu'u
‘Ula'ula. Near the summit is a volcanic
cone known as Kolekole with some of
the best astronomy viewing in the
world. In 1961, an Executive Order of
Hawai'i Governor Quinn established
the Haleakala High Altitude
Observatories (HO) Site, sometimes
referred to as “Science City”. The site is
managed by the University of Hawai'i.

The summit of Haleakala is also the
home to unique cultural and natural
resources. Important cultural places and
sites are found here that are spoken of in
numerous Hawaiian mele (songs), oli
(chants) and legends (NPS 2005).
Arthropods occur near the summit of
Haleakala in an aeolian ecosystem that
was once considered lifeless.

The National Science Foundation has
proposed the development of the
Advanced Technology Solar Telescope
(ATST) within the 18-acre University of
Hawai'i Institute for Astronomy HO
site. The ATST represents a collabora-
tion of 22 institutions, reflecting a broad
segment of the solar  physics
community. The proposed ATST project
would be the largest and most capable

solar telescope in the world. It would be
an indispensable tool for exploring and
understanding physical processes on the
Sun that ultimately affect Earth.

An inventory and assessment of the
arthropod fauna at the HO site was
conducted in 2003 as part of the Long
Range Development Plan (LRDP)
(http:/ /www .ifa.hawaii.edu/haleakala
/LRDP/) for the Haleakala High
Altitude Observatories.

The 2003 arthropod inventory and
assessment was updated in December
2005. The goal was to describe the
arthropod fauna at the two proposed
ATST sites, and identify Hawaiian
native arthropod species or habitats, if
any, that could be impacted by
construction or operation of the ATST.

Through a desire to have a
comprehensive arthropod inventory
and in response to comments submitted
for the ATST Draft Environmental
Impact Statement,
sampling for arthropods at the sites was
conducted in March 2007. The goal was
to detect additional species that may

supplemental

have been missed during previous
samplings. This additional survey,
including night sampling, covers a
seasonal component not included in the
two previous studies.
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III. INTRODUCTION

The Haleakala volcano on the island of
Maui is one of the highest mountains in
Hawai'i, reaching an elevation of 3,055-
m (10,023-ft) at its summit on Pu'u
‘Ula'ula. Near the summit is a volcanic
cone known as Kolekole with some of
the best astronomy viewing in the
world. In 1961, an Executive Order of
Hawai'i Governor Quinn established
the Haleakala High Altitude
Observatories (HO) Site, sometimes
referred to as “Science City”. The site is
managed by the University of Hawai'i.

The highest elevations of Haleakala
were once considered largely lifeless
with only sparse vegetation, but
biologists have discovered a diverse
fauna of resident insects and spiders
there that are found nowhere else in the
world (Medeiros and Loope 1994).
These arthropods inhabit unique natural
habitats on the bare lava flows and
cinder cones. Feeding primarily on
windblown organic material, they form
an aeolian ecosystem.

The term aeolian has generally been
used to describe ecosystems on snow,
ice, meltwater, and barren rock, but in
Hawai'i it has been used to characterize
non-weathered lava substrates, mostly
but not exclusively found at high

elevations (Howarth 1987, Medeiros
and Loope 1994).

On Haleakala, aeolian and sub-aeolian
ecosystems begin at about 2,300-m
(7,546-ft) elevation in the cinder-
dominated habitat inside the crater,
and at around 2,600-m (8,530-ft) on the
older western slope of the volcano, and
extend up to the summit at 3,055-m
(10,023-ft). Climate conditions are
extreme, with widely varying diurnal
temperatures and little precipitation.
Solar radiation can be intense, and the
conditions often affect visitors not
accustomed to high elevations.

The Haleakala aeolian ecosystem is
extremely xeric, caused by relatively
low  precipitation, porous lava
substrates  that retain negligible
amounts of moisture, little plant cover,
and high solar radiation. The dark,
heat-absorbing cinder provides only
slight protection from the extreme
temperatures. Thermal regulation and
moisture conservation are critical
adaptations of arthropods that occur in
this unusual habitat.

Vegetation covers less than 5% of the
open ground, and food is apparently
scarce. Wind-assisted diurnal
movement and seasonal migrations of

INTRODUCTION 3
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insects from the surrounding lowlands
are the primary source of food for the
resident scavenger and predator
arthropods  in  this
ecosystem. Aeolian ecosystems are not
unique to Haleakala in Hawai'i. Similar
ecosystems also occur on Mauna Kea
and Mauna Loa on the Island of Hawai'i
(Howarth and Montgomery 1980). Each
volcano has its own unique aeolian

remarkable

fauna that exploit the windblown
organic material.

The National Science Foundation has
proposed the development of the
Advanced Technology Solar Telescope
(ATST) within the 18-acre University of
Hawai'i Institute for Astronomy HO
site. The ATST represents a
collaboration of 22  institutions,
reflecting a broad segment of the solar
physics community. The proposed
ATST project would be the largest and
most capable solar telescope in the
world. It would be an indispensable tool
for exploring and understanding
physical processes on the Sun that
ultimately affect Earth.

An inventory and assessment of the
arthropod fauna at the HO site was
conducted in 2003 as part of the Long
Range Development Plan (LRDP) for
the Haleakala High Altitude
Observatories. KC Environmental, Inc.
managed the environmental and
cultural surveys and prepared survey-

based recommendations for the IfA
committee responsible for long range
development planning.

The 2003 arthropod inventory and
assessment was updated in December
2005. The goal was to describe the
arthropod fauna at the two proposed
ATST sites, and identify Hawaiian
native arthropod species or habitats, if
any, that could be impacted by
construction or operation of the ATST.

Comments submitted for the ATST
Draft Environmental Impact Statement
suggested that important and unique
special status species in the summit
area may not have been represented in
earlier arthropod collections and
reports of the proposed  sites.
Supplemental sampling was proposed
in order to satisfy this concern and to
obtain a more complete inventory of
species at the sites, especially night
sampling for nocturnally active species.
In additional, this supplemental
sampling encompasses a seasonal
component not included in the
previous two inventories.

Sampling of arthropod habitats was
approved in a permit obtained from the
Department of Land and Natural
Resources (DLNR) issued in February,
2005. Sampling began on March 17,
2007 and was completed on March 20,
2007.

INTRODUCTION
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The intended purpose of this study is to
gather reliable scientific information
about the species of arthropods at the
proposed ATST primary and alternative
sites within the HO site that are active at
night and might not have been detected
during the previous two surveys.
Additionally, sampling was conducted
during daylight hours to capture
seasonal variation of the arthropod
fauna.

This study completes a comprehensive
Arthropod species inventory at the
proposed sites and provides valuable
information that will be used during
development and
observatory facilities. This study
supports astronomy programs at the
Haleakala High Altitude Observatories
Site by  promoting the good
stewardship of the natural resources
located there.

operation  of

INTRODUCTION
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IV. PROJECT DESCRIPTION

The Project consists of five tasks. The tasks were:

Task I) Sample the proposed ATST primary and alternative sites using special
techniques for nocturnal species. This includes attracting flying arthropods
with UV and other lights deployed at night, and nighttime ground and
foliage searching.

Task II) Install five pitfall traps on each of the proposed ATST primary and
alternative sites.

Task III) Collect under rocks, on vegetation, in leaf litter, and in special habitats (e.g.,
for ground dwelling arthropods).

Task IV)  Identify and curate of collected specimens.

Task V) Prepare a Final Report of Findings.

PROJECT DESCRIPTION 6
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V.

Site Description

The  Haleakala  High  Altitude
Observatories (HO) site is located on
Kolekole Hill. The site is at 3,052-m
(10,012-ft) above sea level, adjacent to
Pu'u “Ula‘ula, also known as Red Hill,
the highest elevation on Maui, 3,055-m
(10,023-ft).

The 7.3-ha (18.1-ac) site was
established in 1961, and the first
telescope, the Mees Solar observatory
was dedicated in 1964. The site now
consists of five telescope facilities.

The proposed ATST primary site is
approximately 0.24-ha (0.60-ac) of
undeveloped land located east of the
existing Mees Solar Observatory
facility. The proposed alternative site
is at Reber Circle, a previously
developed site located north of the
existing MAGNUM telescope facility.

Annual precipitation at these sites
averages 1,349.2-mm (53.14-in), falling
primarily as rain and mist during the
winter months from November
through April. Snow rarely falls at the
site.

During the four days of sampling
temperatures ranged from 2°C (36°F) at
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METHODS

night to 12°C (54°F) during the day.
Wind speed ranged from 14 m/s at
night to 1 m/s during the day. The
moon was in the New Moon phase
when sampling began on March 17
and a waxing crescent first appeared
on March 20.

Sampling

Prior to sampling, reports and
publications of previous arthropod
surveys and studies were examined to
determine the best approach to sample
the site. Particular attention was given
to the Arthropod Inventory and
Assessment conducted in 2003 (Pacific
Analytics 2003) and the Updated
inventory and assessment of the two
proposed ATST sites (Pacific Analytics
2005).

The selection of a trapping technique
used in a study needs to be carefully
considered. If the target species of the
trapping system are rare or important
for another reason (i.e., endangered,
keystone species, etc.) live-trapping
should be considered. Entomologists
have long believed that they can
sample without an impact on the
population being sampled. It has been
assumed that collecting makes only a
small impact on the populations of
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interest. ~While that assumption
remains to be tested, responsible
entomologists consider appropriate
trapping techniques to ensure survival
of local populations of interest.

Pitfall Traps

Because sampling was to occur for
only four days, ethylene glycol traps
were used to sample the arthropod
ground fauna. Ethylene glycol pitfall
traps are cups placed into the ground
so that the lip of the cup is level with
the substrate. A small amount of
ethylene glycol is placed into the trap
to kill and preserve specimens that fall
into the traps. Ethylene glycol is used
because it has a low evaporation rate
and because it prevents specimen
decomposition during the sampling
period. Additionally, it is easily
cleaned from the specimens.

Five pitfall traps were installed an each
of the two sites being considered for
the proposed ATST. Traps were
installed and set on March 17, 2007
and closed on March 20, 2007.

Light Sampling

Night sampling was conducted using
lights and a collecting sheet. A sheet
was hung on a rope and a UV light
was suspended in the middle of the
sheet. During windy conditions the
sheet was placed on the ground and
held down with rocks. The light was

turned on after sunset, and allowed to
attract night-flying insects for at least
two hours. Insects that landed on the
sheet were collected with an aspirator
or sweep net.

Each of the proposed ATST sites was
sampled each night, March 17-20 (four
nights).

Light sampling at Reber Circle.

Light sampling on a windy night
adjacent to the MEES observatory.
Visual Observations

Approximately eight hours were spent
during daylight sampling under rocks,

METHODS
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in leaf litter, and on foliage to locate
and collect arthropods at each site.

Approximately 6 hours were spent
after sunset sampling foliage and
under rocks and visually observing the
ground and nearby vertical surfaces
for arthropods. The sampling sites
were illuminated using a headlamp.

Curation

The contents of the traps were cleaned
in 70% ethyl alcohol and placed in
vials. The specimens were sorted into
the morphospecies for identification.
Hard-bodied species, such as beetles,
moths, true bugs, flies, and wasps
were mounted on pins, either by
pinning the specimen or by gluing the
specimens to paper points. Pinned
specimens were placed into Schmidt
boxes. Soft-bodied specimens, such as
spiders and caterpillars were stored in
vials filled with 70% ethyl alcohol.

Identification
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 that 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. Most of these had to
be obtained through library searches.
Keys used to identify Heteroptera
included those by Usinger (1936, 1942),
Ashlock (1966), Beardsley (1966, 1977),
and Gagné (1997). Keys wused to
identify = Hymenoptera  included
Cushman (1944), Watanabe (1958),
Townes (1958), Beardsley (1961, 1969,
1976), Yoshimoto and Ishii (1965), and
Yoshimoto (1965a, 1965b).

Species  identification = of  those
specimens identified to genus or
species levels are unconfirmed and
subject to change after comparison to
specimens in museums.

In many cases changes in family and
generic status and species synonymies
caused species names to change from
those in the keys. Species names used
in this report are those listed in
Hawaiian  Terrestrial ~ Arthropod
Checklist Third Edition (Nishida 1997).
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VI. RESULTS AND DISCUSSION

Observations

The primary site has had minimal
disturbance from previous construction.
Vegetation in this area is largely
undisturbed.

About eighty percent of the Reber Circle
site has been disturbed by previous
construction. Native vegetation occurs
only at the north and east portions of
this site.

Nineteen species of arthropods were
detected during the sampling. Twelve of
the detected species are thought to be
endemic to Hawai'i. Night sampling
yielded only one species not detected
during the daylight hours, a noctuid
moth.

Lycosid spiders, Lycosa hawaiiensis
Simon, occurred in pitfall traps at both
sites being considered for the proposed
ATST. They were less abundant than
during the two previous arthropod
inventories, occurring in only two pitfall
traps. Several juvenile spiders were
observed during daytime sampling.
Lycosa hawaiiensis is the predominant
predator of the arthropod fauna in from
the crater district of Haleakala
(Medeiros and Loope 1994). This spider

is also known from the islands of Oahu
and Hawai'i.

Juvenile centipedes were observed
under rocks. Centipedes are elongate,
flattened arthropods with 15 or more
pairs of legs, one pair per body
segment. They occur in a variety of
habitats, where they feed on spiders
and insects. There are 24 species of
centipedes reported in Hawai‘i, only
one from Maui, the non-indigenous,
Mecistocephalus spissus Wood (Nishida
1997). Because of a lack of taxonomic
keys for juvenile stages, the centipedes
observed during this study were not
identified.

Eight species of true bugs and
leafthoppers were detected on the
vegetation at the sites; seven of the
species are endemic to Hawai'i. All
eight of these species have been
reported from the HO site and
surrounding habitats in previous
surveys.

The endemic plant bug (family
Miridae) Trigonotylus ~ hawaiiensis
(Kirkaldy) was collected from the
native grasses at the Mees site. This
species can be very abundant on
grasses, and occurs everywhere in
suitable habitats from the coast to
10,000 feet (Perkins 1913, Zimmerman
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1948), and on all the main Hawaiian
Islands except Molokai. This species was
present in low abundance.

The endemic plant bug Engytatus
hawaiiensis (Kirkaldy) was abundant on
na'ena’e (Dubautia menziesii (A. Gray) D.
Keck). This insect was first described
from specimens collected in the
Haleakala Crater (Zimmerman 1948)
and is also known from the islands of
Oahu, Molokai and Hawai'i.

The endemic seed bug (family
Lygaeidae) Nysius coenosulus (Stal) was
very abundant on pukiawe (Styphelia
tameiameiae (Cham. & Schlechtend.) F.
V.Muell.) and less common on naena’e.
This insect is known from all but one of
the major islands, and uses a wide
variety of plants as hosts.

An endemic seed bug of the genus
Neseis ochriasis Usinger was collected in
leaf litter under pukiawe. This species
was not abundant, occurring under only
about ten percent of the plants sampled.

Another potentially endemic species of
seed bug was found pukiawe. Only one
specimen of this species was found and
may be a vagrant from the surrounding
lowlands.

Two  species of  stink  bugs
(Pentatomidae) were collected from the
Mees site. The largest is the introduced
green stink bug, Nezara viridula
(Linnaeus). One specimen of the
endemic Oechalia similes Usinger was
collected. This species endemic predator

is known only from Maui and occurs in
low abundance above 4,500 feet
(Zimmerman 1948).

One species of leathopper (family
Delphacidae), Nesosydne osborni Muir
was collected from pukiawe. This
endemic insect was common on
naena’e and  pukiawe. It occurs
throughout the Haleakala crater region.

Other arthropods occurred in low
abundance including small ground
beetles and spiders, Collembola, and
flies. The arthropod fauna collected
during this study will be discussed
according to their taxonomic groups.

Beetles are the most diverse group of
arthropods in Hawai‘i. There are 1,983
species of beetles reported in Hawai'i
(Nishida 1997), 544 on Maui (B.P.
Bishop Museum 2002).

Three species of beetles were found
during this study, at least one from the
genus Mecyclothorax is endemic to
Hawai‘i. Specimens of this species were
found in leaf litter under naena’e, and
were not abundant.

A rove beetle (family Staphylinidae)
was also detected in low abundance.
Species of this group in Hawai'i are
adventive and cosmopolitan in
distribution. One species of
Coccinellidae, Olla v-nigrum (Mulsant)
was found on pukiawe. This species was
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purposely introduced in Hawai'i as a
biological control agent.

Collembola are small, insect-like
arthropods. They are abundant and
ubiquitous, exceeding all other insects in
numbers of individuals (Christiansen
and Bellinger 1992). Most species are
detritivors and few are pests. One
hundred and sixty-nine species of
Collembola are found in Hawai‘i, sixty
on Maui (Nishida 1997).

Because of their small size (0.25-6-mm),
Collembola are seldom observed or
reported. In 2003 Collembola were
abundant in pitfall traps, occurring in
the hundreds in some locations,
especially on the outer northwest slopes
of Pu'u Kolekole, but uncommon in the
southern part of the HO site. During
the current study Collembola were
observed under rocks and in leaf litter in
low abundance.

In previous studies on Haleakala, more
than 115 species of flies were recorded
(Beardsley 1980, Medeiros and Loope
1994, Pacific Analytics 2003). Only a few
of those species were recorded near
Pu’u Kolekole.

During this study, two species of flies
were observed. The Blue Bottle Fly,
Calliphora vomitoria (L.) was seen in low
abundance. This non-indigenous fly is
widespread throughout the World. It

occurs on all the main islands of
Hawai'i at higher elevations.

One specimen of Drosophila
melanogaster Miegen was collected from
pukiawe. This small fruit fly is an
adventive species, not native to
Hawai‘i.

Bees and wasps are common in
Hawai‘i. There are 1,270 species that
occur in Hawai‘i. Of these species, 652
are endemic to Hawai'i that consist
largely of small parasitic wasps, mud-
daubers, and yellow-faced bees. The
yellow-faced bees (family Colletidae)
are important pollinators of native
plants (Howarth and Mull 1992). Many
of the non-indigenous species were
purposely released for biological
control of agricultural pests.

One species of yellow-faced bee (family
Colletidae) was collected during this
study, Hylaeus nivicola Meade-Waldo.
These bees are important pollinators of
native plants, and occur in low
abundance in higher elevations where
vegetation is scarce.

One species of parasitic wasp was
collected during this study.
Hymenoptera were
uncommon at the site, a similar finding
as that recorded in 1994 (Medeiros and
Loope). In an earlier investigation
(Beardsley 1966), 12 species of

relatively
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Hymenoptera were collected at the site,
mostly small parasitic wasps. Most of
the species are not likely residents of the
site and probably are carried by winds
from lower elevations. The status of this
group is largely unchanged since 1966.

No ants were found during this study,
and none were reported in previous
studies.

There are 1,148 species of moths and
butterflies found in Hawai’i, a majority
(957) of which are endemic. Many of the
endemic species are small moths with a
wingspan of less than 1 cm (Howarth
and Mull 1992).

In higher elevations, larvae of some
moths may feed on wind-blown
lowland arthropods that become
moribund as nighttime temperatures
drop. They may also eat the leaves of
the few plants that occur in their habitat.

Only one species of moth came to lights
during night sampling, Agrotis baliopa
Meyrick. This moth is known only from
the islands of Maui and Hawai'i. Little is
known about this species, even its host
plant is unknown (Zimmerman 1958).
Its type locality is 6,000 feet on
Haleakala.

One caterpillar was found in a pitfall
trap. It appears to be a noctuid, or
closely related group. The -caterpillar

was found at the primary site near the
Mees observatory.

Night sampling, using attracting lights,
and intensive searching for foliage and
ground dwelling arthropods yielded
only one new species to the arthropod
inventory, the noctuid moth mentioned
in the previous paragraph. Foliage
sampling at night detected only species
that were active and common during
daylight hours, and ground searching
found no active species.

Summary of the Arthropod Fauna

The arthropods species that were
collected during this study were typical
of what has been found during
previous studies. No species were
found that are locally unique to the
proposed sites. Nor were any species
found whose habitat is threatened by
normal observatory operations. Species
that were detected during this and the
previous assessment of the proposed
ATST sites were those that occur over
the larger Haleakala, or have wider
distributions on Maui and other islands
in the Hawaiian chain.

Comments submitted for the ATST
Draft Environmental Impact Statement
suggested that important and unique
special status species in the summit
area may not have been represented in
earlier arthropod collections and
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reports of the proposed sites. The
supplemental sampling summarized in
this report did not identify any species
listed as endangered or threatened,
candidate species for listing, or any
species of concern.

Night sampling detected only one
species not captured in the previous two
assessments of the HO facility, an
endemic Overall
arthropod diversity was low during this
study, likely due to seasonal factors.

noctuid  moth.

The diversity of the arthropod fauna at
the Haleakala High Altitude
Observatories Site is somewhat less than
what has been reported in adjacent,
undisturbed habitat. This could be
expected given the fact that about 40%
of the site is occupied by buildings,
roads, parking areas, and walkways.
Also, much of the ground surrounding
the buildings is disturbed and
compacted from observatory operations.
However, the undisturbed habitat on
the site that was sampled has an
arthropod fauna generally similar to
what could be expected from other
small habitat patches on the volcano
with similar undisturbed habitat.

While development of the site has
impacted the availability of some
habitat locally, it has only affected a
small amount of the available habitat on

the volcano overall. The 7.3-ha (18.1-ac)
facility occupies less than one percent
of similar habitat available on the
volcano  (MacDonald 1978). The
undisturbed portions of the Haleakala
High Altitude Observatories Site are
representative of the surrounding
habitat on Haleakala.

The two proposed ATST sites represent
an even smaller portion of the habitat
overall on Haleakala. The Reber Circle
site was previously developed and has
very sparse vegetation to support
arthropods. The ground here is largely
compacted, and lacks the structure
necessary for most ground-dwelling
arthropods. Only the surrounding,
undisturbed areas contain habitats in
which arthropods can survive. The
diversity and abundance of arthropods
at this site is very low.

The primary proposed ATST site east of
the existing Mees Solar Telescope
facility is relatively undisturbed. Native
vegetation is more abundant here, and
the relatively undisturbed nature of the
substrate provides microhabitats for
arthropods.  The  diversity and
abundance of arthropods here is
greater than that of the Reber Circle
site, but is low compared to the HO site
in general and to the surrounding
undisturbed habitats found elsewhere
on Haleakala. This is likely due to a
scarcity of vegetation.
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Most of the arthropods collected during
this study were largely associated with
the vegetation at the site. Development
of either of the proposed sites for the
ATST will diminish only slightly the
presence of the native vegetation in the
general area of the HO, and therefore
not threaten the persistence of any
arthropod species found at the sites. The
vegetation cover at these sites is only a
small portion of the overall habitat
available elsewhere on Haleakala.

Only a few exclusively ground-dwelling
species were found during this study.
These include the wolf spider, ground
beetles, centipede, and Collembola.
These species make their home under
rocks and in crevices and do not burrow
into the cinder substrate. No obvious
threats to these species survival were
evident at either of the proposed ATST
sites, although development of the
primary site will displace some
arthropod habitat.

One of the biggest concerns of past
evaluations was the presence of ants.
None were found during this study, but
ants are reported from nearby National
Park facilities. With some practical
precautions, the site should remain ant
free.

Other alien arthropod species also have
the potential to impact the native
ecosystem. No obviously threatening

alien species were found during this
study and with similar precautions as
those used for ants; none should be
introduced by the ATST observatory
construction or operation. The harsh
environment of this aeolian ecosystem
should make it difficult for most alien
species to establish populations.

It is unlikely that development of either
of the proposed ATST sites will have a
serious impact to arthropod species
that occur at the sites beyond the limits
of the HO facility.

The development of the ATST facility
will diminish a small amount of
arthropod  habitat, including the
presence of native plants, and thereby
reduce native arthropod species
diversity and abundance at the
proposed ATST sites, but is not likely to
have a direct impact on the persistence
of arthropod species on Haleakala.

The results of the arthropod survey
indicate there are no special concerns or
legal constraints related to invertebrate
resources in the project area. No
invertebrate  species  listed  as
endangered, threatened, or that are
currently proposed for listing under
either federal or State of Hawai'i
endangered species statutes were
found at the project site (DLNR 1997,
Federal Register 1999, 2005).
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Table 1. Species List of Arthropods collected during March 2007 sampling.

Order Family Genus Species Authority Status
Araneae Lycosidae Lycosa hawaiiensis Simon endemic
Coleoptera Coccinellidae Olla v-nigrum (Mulsant) purposely
Coleoptera Staphylinidae sp. unknown
Coleoptera Carabidae Mecyclothorax endemic
Diptera Calliphoridae Calliphora vomitoria Linnaeus introduced
Diptera Drosophilidae Drosophila melanogaster | Meigen adventive
Heteroptera Lygaeidae Neseis ochriasis Usinger endemic
Heteroptera Lygaeidae Nysius coenosulus Stal endemic
Heteroptera Lygaeidae sp. endemic?
Heteroptera Miridae Engytatus hawaiiensis (Kirkaldy) endemic
Heteroptera Miridae Trigonotylus hawaiiensis (Kirkaldy) endemic
Heteroptera Pentatomidae Nezara viridula Linnaeus introduced
Heteroptera Pentatomidae Oechalia similis Usinger endemic
Homoptera Delphacidae Nesosydne osburni Muir endemic
Hymenoptera Braconidae sp. unknown
Hymenoptera Colletidae Hylaeus nivicola Meade-Waldo | endemic
Lepidoptera Noctuidae Agrotis baliopa Meyrick endemic
Collembola endemic?
Geophilomorpha? sp. juvenile
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Il. EXECUTIVE SUMMARY

The Haleakala volcano on the island of Maui is one of the highest mountains in Hawai i, reaching
an elevation of 3,055-m (10,023-ft) at its summit on Pu'u “Ula ula. Near the summit is a volcanic
cone known as Kolekole with some of the best astronomy viewing in the world. The summit of
Haleakala is also the home to unique cultural and natural resources. Important cultural places and
sites are found here that are spoken of in numerous Hawaiian mele (songs), oli (chants) and
legends (NPS 2005). Arthropods occur near the summit of Haleakala in an aeolian ecosystem that
was once considered virtually lifeless. The subalpine shrubland within the Haleakala National
Park is also host to a wide variety of indigenous species. Because these areas remain fairly intact,
they represent important habitat for unique and highly adapted native arthropod species (Loope
and Medeiros 1994).

The National Science Foundation (NSF) has proposed the development of the Advanced
Technology Solar Telescope (ATST) within the 18-acre University of Hawai'i Institute for
Astronomy High Altitude Observatories (HO) site. The ATST represents a collaboration of 22
institutions, reflecting a broad segment of the solar physics community. The proposed ATST
project would be the largest and most capable solar telescope in the world. It would be an
indispensable tool for exploring and understanding physical processes on the Sun that ultimately
affect Earth. The proposed ATST Project would be contained within a 0.74 acre site footprint
(FEIS, 2009) in the HO site.

The current configuration of the existing entrance station for Haleakala National Park (HALE)
has been identified as a restriction to wide truck loads necessary during construction of the ATST.
Loads up to about 33 feet wide would be required to move telescope components to the ATST
site. The HALE entrance station currently provides one paved driving lane approximately 12 feet
wide on both the entrance and exiting sides. HALE staff has identified a mutually preferred
option to temporarily widen and improve the shoulder of the entry on the uphill side of the
entrance station to accommodate the large loads. The provision of wide-load truck access at the
HALE entrance station would require mitigations related to that project, as described in Section
4.18.5 of the Final Environmental Impact Statement (2009). The proposed mitigation includes
protection of habitat for biological resources and HALE infrastructure. Additional information
about arthropods that may occur near the entrance station is necessary to understand potential
impacts, if any, due to the proposed road modifications made there.

An inventory and assessment of the arthropod fauna at the proposed ATST sites was conducted in
2005 with supplemental sampling in 2007. The goal of this study was to inventory the arthropod
fauna near the entrance station and at the proposed ATST sites, identify Hawaiian native
arthropod species or habitats, if any, that could be adversely affected by construction or operation
of the ATST, and provide a seasonal component of baseline information that may be used for
proposed programmatic monitoring.
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I11. INTRODUCTION

The Haleakala volcano on the island of Maui is one of the highest mountains in Hawai’i, reaching
an elevation of 3,055-m (10,023-ft) at its summit on Pu’u "Ula’ula. Near the summit is a volcanic
cone known as Kolekole with some of the best astronomy viewing in the world. In 1961, an
Executive Order of Hawai'i Governor Quinn established the Haleakala High Altitude
Observatories (HO) Site, sometimes referred to as “Science City”. The site is managed by the
University of Hawai'i.

The highest elevations of Haleakala were once considered largely lifeless with only sparse
vegetation, but biologists have discovered a diverse fauna of unique resident insects and spiders
(Medeiros and Loope 1994). These arthropods inhabit unusual natural habitats on the bare lava
flows and cinder cones. Feeding primarily on windblown organic material, they form an aeolian
ecosystem.

The term aeolian has generally been used to describe ecosystems on snow, ice, meltwater, and
barren rock, but in Hawai’'i it has been used to characterize non-weathered lava substrates, mostly
but not exclusively found at high elevations (Howarth 1987, Medeiros and Loope 1994).

On Haleakala, aeolian and sub-aeolian ecosystems begin at about 2,300-m (7,546-ft) elevation in
the cinder-dominated habitat inside the crater, and at around 2,600-m (8,530-ft) on the older
western slope of the volcano, and extend up to the summit at 3,055-m (10,023-ft). Climate
conditions are extreme, with widely varying diurnal temperatures and little precipitation. Solar
radiation can be intense, and the conditions often affect visitors not accustomed to high
elevations.

The Haleakala aeolian ecosystem is extremely xeric, caused by relatively low precipitation,
porous lava substrates that retain negligible amounts of moisture, little plant cover, and high solar
radiation. The dark, heat-absorbing cinder provides only slight protection from the extreme
temperatures. Thermal regulation and moisture conservation are critical adaptations of arthropods
that occur in this unusual habitat.

Vegetation covers less than 5% of the open ground, and food is apparently scarce. Wind-assisted
diurnal movement and seasonal migrations of insects from the surrounding lowlands are the
primary source of food for the resident scavenger and predator arthropods in this remarkable
ecosystem. Aeolian ecosystems are not unique to Haleakala in Hawai'i. Similar ecosystems also
occur on Mauna Kea and Mauna Loa on the Island of Hawai'i (Howarth and Montgomery 1980).
Each volcano has its own unique aeolian fauna that exploit the windblown organic material.

An inventory and assessment of the arthropod fauna at the HO site was conducted in 2003 as part
of the Long Range Development Plan (LRDP) for the Haleakala High Altitude Observatories.
This inventory and assessment was updated in December 2005 to provide a more detailed
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description of the arthropod fauna at the two proposed ATST sites, and identify Hawaiian native
arthropod species or habitats, if any, that could be impacted by construction or operation of the
ATST. In an effort to be complete, supplemental sampling was conducted in 2007 to provide a
seasonal component and additional nighttime sampling not included in the previous two
inventories.

The subalpine shrubland within the Haleakala National Park is also host to a wide variety of
indigenous arthropod species (Krushelnycky et al. 2007). The vegetation here covers most of the
open ground, mostly with pakiawe (Styphelia tameiameiae), ohelo (Vaccinium reticulatum), and
occasional mamane (Sophora chrysophylla) trees and Coprosma shrubs, with native and alien
grasses growing between. Precipitation in the form of rainfall and fog is frequent, with about 70
inches falling throughout the year (Giambelluca et al. 1986).

Because the areas proposed for development remain fairly intact, they represent important habitat
for unigue and highly adapted native arthropod species (Loope and Medeiros 1994). Sampling of
arthropod habitats was approved in a permit obtained from the Department of Land and Natural
Resources (Permit # FHMO09-188) and the National Park Service (Permit # HALE-2009-SCI-
0007), both issued in June, 2009. Sampling began on June 19, 2009 and was completed on June
26, 2009.

The intended purpose of this study is to gather reliable scientific information about the current
status of arthropods and other invertebrate species near the HALE entrance station and at the
proposed ATST primary and alternative sites within the HO site that would be used to assess the
potential impacts, if any, due to construction of the proposed ATST.

This study provides a means of gathering information that can be used to establish a baseline for
proposed programmatic monitoring of native arthropod and invertebrate species over the next ten
years as part of the proposed ATST Project mitigation measures described in Section 4.18.3 of
the FEIS. This study supports natural resource management programs at Haleakala National Park
and is consistent with the Long Range Development Plan for the Haleakala High Altitude
Observatories Site (HO) by promoting the good stewardship of the natural resources located
there.
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IV. METHODS

Description of study area

The Haleakala High Altitude Observatories (HO) site is located on Kolekole Hill. The site is at
3,052-m (10,012-ft) above sea level, adjacent to Pu'u "Ula'ula, also known as Red Hill, the
highest elevation on Maui, 3,055-m (10,023-ft). The 7.3-ha (18.1-ac) site was established in 1961,
and the first telescope, the Mees Solar observatory was dedicated in 1964. The site now consists
of five telescope facilities.

The proposed ATST primary site is on undeveloped land located east of the existing Mees Solar
Observatory facility. The proposed alternative site is at Reber Circle, a previously developed site
located north of the existing LURE/PS-1 facility.

Annual precipitation at these sites averages 1,349.2-mm (53.14-in), falling primarily as rain and
mist during the winter months from November through April. Snow rarely falls at the site.

The Haleakala National Park Entrance Station is at about 2,072 m (6,800 ft) on the western slope
of Haleakala. Sampling locations were determined with guidance and cooperation from HALE
personnel. Annual precipitation here averages 1,750 mm (70 in), falling primarily as rain and mist
during the winter months from November through April.

Procedures

The selection of a trapping technique used in a study was carefully considered. When the target
species of the trapping system are rare or important for other reasons (i.e., endangered, keystone
species, etc.) live-trapping should be considered. Entomologists have long believed that they can
sample without an impact on the population being sampled. It has been assumed that collecting
makes only a small impact on the populations of interest. While that assumption remains to be
tested, responsible entomologists consider appropriate trapping techniques to ensure survival of
local populations of interest. The sampling methods that were used during this study are similar to
those used during the 2007 arthropod inventory conducted on the western slope of Haleakala and
were reviewed by HALE natural resource staff modified according to their comments.

Pitfall Traps

After consultation with HALE natural resources staff, twelve pitfall traps were installed (eight
below the road and four above the road) near the HALE entrance station. Nine pitfall traps were
installed at the proposed ATST sites (five at the Mees site and four at the Reber Circle site). The
traps (300 ml [10 oz], 80 mm diameter cups) were filled with soapy water solution as
preservative. Concerns about endangered native birds precluded the use of ethylene glycol. The
traps were spaced at least 2 m apart, and left open for one week. It was decided that pitfall traps
would not be baited around the rim with blended fish because they might attract birds. This is a
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trapping method similar to that used during the 2007 arthropod survey conducted in 2007
(Krushelnycky et al. 2007).

Care was taken to avoid archeological sites. These sites have cultural and historical significance
and precautions were made to prevent their disturbance. Traps were not placed in or near these
sites. A map of significant historic and cultural sites within 50 feet of the road corridor was used
to avoid such sites. Habitat was accessed with a minimum of disturbance to the habitat. Care was
also taken to prevent creation of new trails or evidence of foot traffic.

Care was also taken to avoid disturbing nesting petrels and other wildlife species. The endangered
petrels dig into cinder to make burrows for nesting. Incubation of fledglings was underway and
all efforts were made to avoid active nests. Pitfall traps are placed below ground and covered with
a heavy cap rock. This makes it very unlikely that petrels could access the traps.

Light-Trapping

Sampling for nocturnal insects is vital to understanding the complete faunal presence. Some
insects are only active and moving around at night. Many insects have a nocturnal activity cycle
to evade birds, and to locate certain food sources. Night collecting is important in environments
like dry locations where insects may choose this strategy to avoid desiccation. Thyrocopa moths,
for example, have been seen at lights in restrooms at the HALE Visitor Center, at 9,740 ft.

Battery-powered ultraviolet light traps were operated near the entrance station and at the ATST
sites. The traps consisted of a 3.5 gallon polypropylene bucket, a smooth surface funnel, a 22 watt
Circline blacklight tube mounted on top of vanes under an aluminum lid that directs light
downwards. The effective range of the 22 watt lamp is less than 100 feet, and traps were always
located more than 100 feet from the nearest petrel burrow. Light traps will be run every night for
seven nights (a total of 14 trap nights).

Other light sampling at night
Night collecting can be aided by a UV light source. An ultraviolet blacklight was placed on top of
a white sheet and arthropods that were attracted to the light were collected as they are observed.

Small handheld ultraviolet blacklights were also used for additional sampling for foliage and
ground-dwelling arthropods.

Visual Observations and Habitat Collecting Under Rocks and in Leaf Litter

Time was spent sampling under rocks, in leaf litter, and on foliage to locate and collect
arthropods at each sampling station. Hand picking, while sorting through leaf litter and bunch
grasses, and searching beneath stones was the most effective sampling for litter and soil
associated forms.
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Collecting on Foliage

Foliage of various common plant species was sampled by beating sheet. A one-meter square
beating sheet or insect net was placed under the foliage being sampled and the branch hit sharply
three times using a small plastic pipe. After the initial collection the foliage was beat again to
dislodge persistent individuals. Care was taken to avoid sensitive plants and to leave all
vegetation intact.

Nets
Aerial nets and sweep nets were used as necessary to capture flying insects and arthropods that
OCcur on grasses.

Collections

Arthropods that appear in traps were stored and later mounted for identification. Arthropods that
are observed during hand collecting and netting were collected only as necessary to provide
voucher specimens.

Curation

The contents of the traps were cleaned in 70% ethyl alcohol and placed in vials. The specimens
were sorted into the morphospecies for identification. Hard-bodied species, such as beetles,
moths, true bugs, flies, and wasps were mounted on pins, either by pinning the specimen or by
gluing the specimens to paper points. Pinned specimens were placed into Schmidt boxes. Soft-
bodied specimens, such as spiders and caterpillars were stored in vials filled with 70% ethyl
alcohol.

Identification

Specimens were mounted and identified to the lowest taxonomic level possible within the time
frame of the study. Many small flies and micro-Hymenoptera were sorted to morpho-species and
will be sent to reliable experts for identification. Identification of arthropods is difficult, even for
experts. More time needs to be allotted for this necessary task in all arthropod inventory projects.
All specimen identifications are provisional until they can be confirmed by comparison to
museum specimens or by group/taxon experts.

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 that 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).
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For specific groups specialized keys were necessary. Most of these had to be obtained through
library searches. Keys used to identify Heteroptera included those by Usinger (1936, 1942),
Ashlock (1966), Beardsley (1966, 1977), 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).

Species identification of those specimens identified to genus or species levels are unconfirmed
and subject to change after comparison to specimens in museums.

In many cases changes in family and generic status and species synonymies caused species names
to change from those in the keys. Species names used in this report are those listed in Hawaiian
Terrestrial Arthropod Checklist Third Edition (Nishida 1997).

Schedule/Start and End dates

Sampling was conducted over eight days and nights in June 2009, starting on June 19, 2009 and
ending on June 26, 2009. Sampling typically began at 9:00 am and run until about 2:00 pm. A
break was taken to prepare for night sampling which resumed at 8:00 pm and continued until
midnight. It is estimated that approximately seventy person hours were spent sampling during the
day and fifty person hours after dark. Pitfall traps were open for 147 trap nights, and light traps
were deployed for 21 trap nights. Three days was allocated for mounting and identification.
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V. LITERATURE SUMMARY

The summit of Haleakala has been sampled by several entomologists. Some of the first specimens
known from there were collected by the Reverend Thomas Blackburn over 100 years ago. Near
the beginning of the twentieth century, R.C.L. Perkins sampled the upper reaches of Haleakala.
During the first half of the century other entomologists who sampled Haleakala included O.H.
Swezey who recorded host plant information for many insect species, E.C. Zimmerman who
collected information for the Insects of Hawai‘i series and studied the flightless lacewings of
Haleakala, and D.E. Hardy who worked extensively with the Diptera (flies) found there.

Entomological studies continued in the 1960’s when John Beardsley (1966) investigated species
of Nysius that were disrupting operation of the Haleakala Observatory. Beardsley collected fifty-
one insect species from 36 families in nine orders from malaise traps on Pu'u Kolokole in that
study.

In 1980, John Beardsley completed his basic inventory of the insects of the Haleakala National
Park crater district for the Cooperative National Park Resources Studies Unit of the University of
Hawai‘i at Manoa. This was the first published report of a thorough inventory of the upper
portion of Haleakala listing the species collected. Three hundred and eighty-nine species of
insects representing ninety families from thirteen orders were collected from the Crater District in
this study. About 60% of the species were believed to be endemic to Hawai‘i, and 83 species
(21%) were determined to be endemic to Haleakala.

An inventory of arthropods of the west slope shrubland and alpine ecosystems of HALE was
conducted in 2007 (Krushelnycky et al.). The investigators collected a total of 60,146 individual
arthropods in the course of the inventory. Of these, 11,086 (18.4%) were mites (Acari),
mealybugs (Hemiptera: Pseudococcidae), or parasitic wasps (Hymenoptera), and were not further
identified. The remaining arthropods represented a total of 257 taxa in 17 orders.

The HO property adjacent to HALE has been studied several times. The first review of the
arthropod fauna at the HO site occurred in 1994 (Medeiros and Loope 1994). The study was
limited to the proposed Air Force Advanced Electro-Optical System (AEOS) Construction Site.
The number of species collected is not listed in that report. The report concluded “The study site
is basically a typical but somewhat depauperate example of the Haleakala aeolian zone.”

An inventory of arthropods at the HO site was conducted in 2003 (Pacific Analytics
2003). In that study, fifty-eight arthropod species were identified from the facility,
twenty-nine that are indigenous to Hawai'i. Finally, an ATST site-specific update to that
study was conducted in 2005 (Pacific Analytics 2005) and a supplemental sampling
specifically for the purpose of night sampling was conducted in March 2007 (Pacific
Analytics 2007). During June 2009, additional sampling was conducted at HO to further
supplement the first three collections, including nighttime samples.
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VI. RESULTS AND DISCUSSION

Observations

High Altitude Observatories ATST Sites

The Mees site has had minimal disturbance from previous construction. Vegetation in this area is
largely undisturbed and is a mix of native and non-native species. About eighty percent of the
Reber Circle site has been disturbed by previous construction. Native vegetation occurs only at
the north and east portions of this site.

Sixty-two species of arthropods were collected at the two sites and around the HO facility. Night
sampling was fairly effective. Two species of endemic moths were collected in the light traps and
a few specimens of the Haleakala flightless moth (Thyrocopa apatela) were found on rocks. They
did not appear to be attracted to the lights. An Agrotis moth larva was observed foraging at night.
Nysius (true bugs) species were resting between Dubautia leaves and under shrubs, but appeared
to be active when disturbed, even at low nighttime temperatures.

Lycosid spiders, Lycosa hawaiiensis Simon, occurred in pitfall traps at both ATST sites. Several
juvenile spiders were observed during daytime sampling. Lycosa hawaiiensis is the predominant
predator of the arthropod fauna in from the crater district of Haleakala (Medeiros and Loope
1994). This spider is also known from the islands of Oahu and Hawai'i. They were observed to be
especially active during the day.

The pitfall traps also captured several noctuid larvae (caterpillars). Two Agrotis moth species
were captured in the light traps and these caterpillars may be their larvae. One specimen of the
endemic carabid beetle, Mecyclothorax sp., was found in the pitfall traps. They are not abundant
at the sites although several were found searching under rocks and leaf litter.

The most effective sampling method was foliage beating and searching. Small centipedes and
millipedes were found, presumably indigenous species. Twelve species of beetles were found,
four that are endemic to Hawai'i. The most interesting of these are the previously mentioned
Mecyclothorax, and two species of long horn beetles of the genus Plagithmysus. Mecyclothorax
populations appear to be impacted when alien predators are introduced to their habitats (Liebherr
and Krushelnycky 2007) and their conservation is considered important. The two species of long
horn beetles are considered rare and are infrequently collected.

Thirteen species of flies were collected, only two endemic to Hawai'i. Of interest were the
specimens of native fruit flies (Tephritidae). These flies are often important pollinators of native
plants and may be important in preserving native ecosystems. These flies were uncommon on
pikiawe likely feeding on nectar. The non-indigenous flies are common in the lowlands
surrounding Haleakala and may be blown up to the HO site by wind.
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The most abundant insects were the seed bugs of the genus Nysius. These bugs were especially
common on pakiawe and ohelo. These insects are known to have huge population explosions and
sometimes interfere with observatory operations (Beardsley 1966). Three species of the endemic
plant hoppers of the genus Nesosydne were collected. These species are more abundant in lower
elevations but appear to be breeding at the HO sites as juveniles were also collected.

Eleven species of Hymenoptera were found. Except for the European honeybee and native
Hylaeus bee, they were all small parasitic wasps. These kinds of wasps have been released
throughout Hawai'i as biological control agents and whether they are breeding at the high
elevations of Haleakala remains to be investigated.

One of the biggest concerns of past evaluations was the presence of ants. None were found during
this study, but ants are reported from nearby National Park facilities. With some practical
precautions, the site should remain ant free.

Other alien arthropod species also have the potential to impact the native ecosystem. No
obviously threatening alien species were found during this study and with similar precautions as
those used for ants; none should be introduced by the ATST observatory construction or
operation. The harsh environment of this aeolian ecosystem should make it difficult for most
alien species to establish populations.

The development of the ATST facility would diminish a small amount of arthropod habitat,
including the presence of native plants, and thereby reduce native arthropod species diversity and
abundance at the proposed ATST sites, but would not likely to have a direct impact on the
persistence of arthropod species on Haleakala.

Haleakala National Park Entrance Station Site

The area surrounding the HALE entrance station is largely native shrubs and grasses and
occasional trees. The widening project will require some fill to be brought in, but will displace
only a small amount of habitat.

Sixty species of arthropods were observed near the entrance station. The light traps were highly
effective at collecting night-flying moths. Fourteen species of moths were collected, ten endemic
to Hawai'i. None of these species have a restricted distribution and are all considered common.

The same two species of centipede and millipede were found that were collected at the HO sites.
Eight species of beetles were seen, including an endemic species of carabid, Mecyclothorax. This
was the only endemic species, the rest being introduced non-indigenous species.

A non-indigenous earwig was common in the area, and this species is also common throughout
Hawai'i. Seven species of flies were collected, the only native one being a fruit fly of the genus
Trupanea. As mentioned above, these species can be important pollinators of native plants.
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Thirteen species of true bugs (Heteroptera and Homoptera) were found. Most of these are
endemic species that are common and widely distributed in Hawai'i. The most interesting was the
native stinkbug, Oechalia pacifica. This genus of stinkbug is being threatened by the introduction
of biological control species, especially those released for the introduced green stink bug. The
species that occurs near the entrance station also occurs on Kauai, Oahu, Molokai, and Lanai.

Fourteen species of Hymenoptera were collected at the entrance station, including two species of
endemic bees of the genus Hylaeus. Both species appear to be limited to habitats on Haleakala.
These species may also be important pollinators of native plant species. Two ant species were
collected near the entrance station. Ants represent one of the biggest threats to native arthropods.
Much research has been conducted trying to discover a method of controlling these serious pests.
Care must be taken during construction to prevent further introductions or spreading of these ants.

Besides the ants, there were no seriously threatening non-indigenous species of arthropods and
none should be introduced by ATST development if precautions are followed to prevent their
release. The development at the entrance station will displace only a small amount of habitat,
most already disturbed by previous park development activities.

Arthropods are seasonal and their abundance and even presence varies throughout the year. The
sampling conducted during this inventory is reflective of the time of year it was performed, and is
reflective of only the sites surveyed, and thus should not be extrapolated to areas beyond those
boundaries. More seasonal sampling would be necessary to establish a complete baseline of
current conditions. This study does contribute an important seasonal component to the inventory
of the ATST and HO sites, but is only a snapshot of the arthropod fauna at the HALE entrance
station. A comprehensive monitoring program will consider seasonal variation when it is
implemented.

The results of this arthropod survey indicate there are no special concerns or legal constraints
related to invertebrate resources in the project areas. No invertebrate species listed as endangered,
threatened, or that are currently proposed for listing under either federal or State of Hawai’i
endangered species statutes were found at the project site (DLNR 1997, Federal Register 1999,
2005).

RESULTS AND DISCUSSION 12
APPENDIX C(3):

ARTHROPOD ASSESSMENT HO AND HALE ENTRANCE STATION



VII. RECOMMENDATIONS

ALIEN ARTHROPOD CONTROL

Analysis of Potential Impacts

Arthropods, segmented animals with hard exoskeletons and jointed appendages, are the most
diverse group of animals on earth today. Arthropods are insects, spiders, centipedes, and
crustaceans, and are found in all habitats from the bottom of the oceans to the tops of the highest
mountains. Arthropod species introduced outside their natural range represent a threat to natural
systems because they can deplete native arthropod food resources and prey on native species,
sometimes driving natives to extinction. Alien species that successfully establish populations
within the Haleakala High Altitude Observatories Site could out-compete or exclude native
species, such as the Haleakala Flightless Moth, lycosid wolf spider, and other native resident
arthropods.

Alien species are those that occur outside of their natural range. Accidentally introduced alien
arthropods arrive in the United States at the rate of about 11 new species per year (Sailer 1983). It
has been estimated that more than 3,200 alien arthropods have been accidentally or intentionally
introduced in Hawai‘i (Howarth and Mull 1992). About 2,500 of these species have established
resident populations. Alien arthropods appear in virtually every Hawaiian habitat from sea level
to the summits of the highest mountains.

Many insect introductions are regarded as beneficial (i.e., honeybees and biological control
agents), but some are feared as potentially dangerous (i.e., ants, spiders, and wasps). The
populations of some introduced species have reached destructive numbers and caused serious
environmental damage to natural areas. The decline of Hawaiian endemic arthropod populations,
resulting from accidental introduction of alien arthropods is well documented (Howarth 1985).

One destructive alien species that has been reported in low numbers near Pu'u Kolekole is the
yellowjacket (Vespula pensylvanica). It appeared in low numbers during the 1994 arthropod
study of the Air Force Facility. While none were found during the current study, the species can
become abundant seasonally in September through November (Medeiros and Lope 1994).

This predator arrived in Hawai‘i in 1977 on imported Christmas trees (Gambino et al. 1990). It
quickly became established and spread to all of the main islands. In some places the increasing
yellowjacket population corresponded to an alarming decline in many native arthropods
vulnerable to the new predator (Gambino et al. 1990). Current yellowjacket populations are too
low at the Haleakala High Altitude Observatories Site to contribute to the decline of native
arthropod. If yellowjacket numbers increase at the site, however, native populations could be
impacted.
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Ants are another group of alien species that have impacted native Hawaiian arthropod
populations. Forty-four ant species, none of which are native, have been recorded in the Hawaiian
Islands. All were accidentally introduced. Ants can have a devastating impact on the native fauna
and flora. Hawai‘i’s endemic arthropods never evolved adaptations such as mimicry, or secretions
to avoid predation by ants, as is commonly observed with arthropods from areas where ants occur
naturally. The establishment of ants within the Haleakala High Altitude Observatories Site could
result in the reduction and possible elimination of many native arthropods.

Perhaps the greatest alien threat to native arthropods is the Argentine ant, (Linepithema humile).
Although they are relatively small (even for ants), the Argentines nevertheless are quite prolific.
Colonies create anywhere from 20 to 100 queens, each producing vast numbers of eggs that keep
the colony growing and expanding. In order to feed all the ants that build up in a single colony,
Argentine ants utilize and monopolize every available food resource. Vulnerable food resources
include not only the wind-borne food of the naturally occurring species, but also the resident
native arthropods themselves. Especially vulnerable to ants are the small, immature, nymph
stages or instars of native arthropods.

The Argentine ant occurs in several areas in Hawai‘i, including high elevation sites such as
Haleakala National Park on Maui, Hawai‘i Volcanoes National Park, and up to 8,500 feet on
Mauna Kea. No Argentine ants were found during this study and the Haleakala High Altitude
Observatories Site is believed to be currently free of ants (Medeiros and Loope 1994).

Other ant species of concern are the big-headed ant, (Pheidole megacephala), the long-legged ant,
(Anoplolepis longipes), the fire ants, (Solenopsis geminata and S. papuana), and the black house
ant, (Ochetellus glaber). All these species are present on the Island but have never been reported
to occur on the Haleakala High Altitude Observatories Site.

Alien spiders are another potential threat to the resident native arthropods. The South American
hunting spider, (Meriola arcifera) has been collected near observatories on Mauna Kea. While its
method of introduction is unconfirmed, its occurrence has been linked to observatory operations
by some environmental groups. It does not build webs but instead hunts on the surface and
interstitial spaces of the cinder cones. The hunting spider is large enough to capture many of the
native arthropods at the Haleakala High Altitude Observatories Site, should it occur there, and
can potentially reduce their population.

The probability for the introduction of a serious predator is small. It is important, however, to
prevent the establishment of alien species in the sensitive high elevation habitats. Alien arthropod
control is therefore an essential consideration during future observatory construction and
operation.
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Alien Arthropod Control Recommendations

The following actions are recommended to prevent the establishment of alien arthropods on the
Haleakala High Altitude Observatories Site. If these recommendations are followed, no
significant impact to native arthropod populations should occur as a result of alien arthropod
introductions during the construction and/or operation of the observatories at the site.

The 2005 Institute for Astronomy Long Range Development Plan (LRDP) the Haleakala
Observatories (HO) (http://www.ifa.hawaii.edu/haleakala/LRDP/) was created to provide a
structure for sustainable, focused management of the resources and operations of the HO, in order
to protect historic/cultural resources: e.g. archaeology sites, traditional cultural practices, to
protect natural resources, protect and enhance education and research. Many of these protection
measures are already incorporated into the LRDP and in the ATST FEIS are repeated here to
emphasize their importance.

Recommendation 1
As required by the LRDP, earthmoving equipment should be free of large deposits of soil, dirt
and vegetation debris that could harbor alien arthropods.

@ Pressure-wash to remove alien arthropods.

Alien arthropods can arrive at the site by two general pathways. First, alien species already on the
Island can spread to new localities. Second, alien species can arrive with shipping crates and
containers. In order to block the first pathway, heavy equipment, trucks, and trailers should be
pressure-washed before being moved to the site.

Earthmoving equipment and large vehicles and trailers often sit at storage sites for several days or
weeks between jobs. Most of these storage sites are located in industrial areas and usually support
colonies of ants and other alien arthropods. These species often use stored equipment as refuges
from rain, heat, and cold. Ants will colonize mud and dirt stuck to earthmoving equipment and
could then be transported to uninfested areas. Spiders occupy stored equipment, looking for food
or escaping predation by hiding in protected niches. Once transported to the site, these species
could migrate to surrounding habitat.

Pressure-washing of equipment before transportation to the site will remove dirt and mud and
wash away ants, spiders and other alien arthropods, thereby reducing the chances of transporting
these species to the site area.

(b) As required by the LRDP, Inspect large trucks, tractors, and other heavy equipment
before entering Haleakala National Park.

Tractor-trailer rigs, earthmoving machinery, and other heavy equipment should be inspected
before Haleakala National Park. Inspection should be recorded a log book kept at the site.
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Recommendation 2
As required by the LRDP, all construction materials, crates, shipping containers, packaging
material, and observatory equipment should be free of alien arthropods when delivered to the site.

@) Inspect shipping crates, containers, and packing materials before shipment to Hawai‘i

Alien arthropods can be transported to Hawai‘i via crates and packaging. Only high quality,
virgin packaging materials should be used when shipping supplies and equipment. Pallet wood
should be free of bark and other habitat that can facilitate the transport of alien species. Federal
and Hawai‘i State agricultural inspectors do not currently check all imported non-food items for
alien arthropods. Haleakala National Park resource managers should communicate to shippers,
and suppliers the environmental concerns regarding alien arthropods, and inform them about
appropriate inspection measures to ensure that supplies and equipment shipped to Hawai‘i are
free of alien arthropods at the points of departure and arrival.

Shipping containers should be inspected and any visible arthropods removed. Construction of
crates immediately prior to use will prevent alien arthropods from establishing nests or webs.
Cleaning containers just prior to being loaded for shipping will also eliminate alien arthropod
infestations.

After arrival in Hawai‘i, crates or boxes to be transported to the site should be inspected for
spider webs, egg masses, and other signs of alien arthropods. Arthropods are small and easily
overlooked during hectic assembly and packaging activity off-island. Many arthropods could
escape detection during shipping inspections. Re-inspection prior to transport to the site should
reduce the potential for undetected arthropods reaching the construction site.

(b) Inspect construction materials before entering Haleakala National Park.

Alien arthropods already resident in Hawai‘i are capable of hitchhiking on construction material
such as bricks and blocks, plywood, dimension lumber, pipes, and other supplies. Precautions
should be taken to ensure that alien arthropods are not introduced to the Haleakala High Altitude
Observatories Site.

Construction materials should be inspected before transport to the construction site. If any alien
arthropods are discovered, the infestation should be removed prior to transport. Infestations of
ants can be removed using pressure-washing. Infestations of spiders can be removed using
brooms, vacuum cleaners, or other similar methods. Pesticide use on materials to be transported
to the site should be avoided.

Recommendation 3

As is currently being done at the site, outdoor trash receptacles should continue to be secured to
the ground, have attached lids and plastic liners, and collected frequently to reduce food
availability for alien predators.
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Readily available food supplies can facilitate the establishment of alien arthropods at the
Haleakala High Altitude Observatories Site. Sanitary control of food and garbage will prevent
access to food resources that could be used by invading ants and yellowjackets.

Refuse containers should be heavy and secured to the ground. Heavy, hinged lids will prevent
wind dispersal of garbage. Refuse should be collected on a regular basis before containers are
completely full or overflowing. This could entail collection several times a week, particularly in
eating areas and during periods of heavy use of the area.

Containers should be regularly washed using steam and/or soap to reduce odors that attract ants.
Plastic bag liners should be used in all garbage containers receiving food to control leaking fluids.

Recommendation 4

As described in Section 4.18.5 of the FEIS, a biological monitor will be employed during
construction and programmatic arthropod sampling will be done in accordance with the schedule
shown in Section 4.18.3. Monitoring for new alien arthropod introductions should be conducted
during any construction activities. Any populations detected during monitoring would be
eradicated.

Monitoring for alien populations is relatively easy and inexpensive to conduct. Baited traps have
been shown to detect alien populations before they reach damaging proportions.

@ Ant eradication

Sticky traps designed to capture ants should be deployed immediately after any ants are detected.
Persistence of ant detections is indicative of larger infestations, and should prompt a search for
and eradication of colonies. Bait and chemical control should be employed only when absolutely
necessary and only by a certified pest control professional. In no case should pesticides be applied
on or near native arthropod habitat.

(b) Alien spider eradication

Alien spider webs should be removed when detected. Native lycosid wolf spiders do not make
webs. Native sheet-web spiders make tiny webs under the cinder surface. Only alien spiders make
large spider webs on the Haleakala High Altitude Observatories Site. Sweeping such webs away
with a broom disrupts alien spider food capture success and destroys egg masses.

TRASH CONTROL

Analysis of Potential Impacts

Construction activity may generate a considerable amount of waste debris. Typically construction
debris is disposed of in “roll-off” containers that are periodically picked up and emptied at a
landfill. Large “roll-off” containers can accommodate debris generated over several days of
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construction. Debris disposed of in these containers consists of wood, scrap insulation, packaging
material, waste concrete, and various other construction wastes.

High winds at the site can extract construction debris from the containers and disperse the
material into adjacent arthropod habitat. Unsecured building materials and equipment on-site is
also susceptible to wind dispersal. The construction trash and building material is not believed to
significantly impact native arthropod species, but the collection of the wind-blown material could
potentially disturb their habitat (e.g., Howarth et al. 1999).

Trash Control Recommendations

Recommendation 5

Construction trash containers should be tightly covered to prevent construction wastes from being
dispersed by wind. This would be accomplished during construction of ATST by Best
Management Practices.

Covering containers will decrease the amount of construction debris that could be blown onto
adjacent native arthropod habitat. “Roll off” containers can be equipped with tarps held securely
with cables. Containers should be collected on a regular basis before they are completely full or
overflowing. This could entail collection several times a week, particularly during periods of
heavy use.

Recommendation 6
Construction materials stored at the site should be covered with tarps, or anchored in place, and
not be susceptible to movement by wind.

Construction materials and supplies should be prevented from being blown into native arthropod
habitat by covering them with heavy canvas tarps, using steel cables, attached to anchors that are
driven into the ground.

Construction materials at the site should be tied down or otherwise secured during high winds and
at close of work each day. Securing materials will reduce the chances of debris being blown off
the site into native arthropod habitat. Preventing debris from blowing around and off the site will
reduce costs and the potential habitat disturbance necessary to retrieve the items.

Recommendation 7

As required by the LRDP, outdoor trash receptacles should be secured to the ground and have
attached lids. Workers and visitors to the Haleakala High Altitude Observatories Site
unfortunately often bring trash with them. Lunch bags, film canisters, wrappers, etc. can be easily
blown into arthropod habitat. Receptacles should be provided to eliminate the dispersal of this
kind of trash. The receptacles should be heavy and have attached lids so that they do not become
flying objects in the high winds at the site.
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Recommendation 8
If construction materials and trash are blown into native arthropod habitat, they should be

collected with a minimum of disturbance to the habitat.

Despite efforts to prevent wind-blown construction materials and trash, some debris could end up
in native arthropod habitat. Retrieving this debris from sensitive areas should be done carefully
and with minimum disturbance. Small pieces of debris should be allowed to blow out of habitat to
spots where they can be collected safely. Larger debris should be removed with minimum
disturbance to slope stability and structure. Methods for removal may vary depending on the
material and its location. Contractors should be educated about appropriate debris retrieval
methods.
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APPENDIX A

SPECIES LIST

The following list is the provisional identifications of specimens collected during the sampling
described in this report. All identifications are provisional and may change when compared to
museum specimens or from comments by taxonomic experts.
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1. INTRODUCTION

Personnel working at the ATST facility on Haleakala are expected to be environmentally responsible.
This will include sensitivity to the special nature of the mountain to Native Hawaiians, and also adherence
to applicable regulations for the handling and disposal of all potentially hazardous materials. In regard to
statutory requirements, it is AURA’s intention to maintain the U.S. Environmental Protection Agency
(EPA) status of a “Conditionally Exempt Small Quantity Generator” (CESQG) throughout the
construction and operation of the Advanced Technology Solar Telescope (ATST) The EPA does not
mandate that a CESQG facility have a written Hazardous Material and Hazardous Waste Management
Program or the requisite recordkeeping that accompanies such a program. This document is considered
necessary, however, to ensure protection of the uniquely sensitive environment on Haleakala. Though it
is primarily intended to be an operational policy manual, this document also provides information that
may be useful for evaluating the potential environmental impact of the ATST facility.

This program outlines AURA’s requirements for the management of hazardous materials, the disposal of
hazardous waste, and other wastes at ATST facilities on Haleakala. These requirements are based on
Federal, State and County regulations. Failure to comply with these requirements may subject AURA
and/or individuals to fines and civil or criminal prosecution. Additionally, proper management of
hazardous materials and other waste reduces disposal costs.

2. RESPONSIBLE PERSONNEL

2.1 REQUIREMENTS FOR ALL ATST PERSONNEL:

o Become familiar with the hazardous materials in their area and the requirements of this hazardous
material and hazardous waste management program.

e Use the ATST PROCUREMENT AND USE AUTHORIZATION OF HAZARDOUS MATERIALS form
(Attachment 1) to obtain approval for the purchase and use of a hazardous material.

e Provide a monthly inventory of hazardous wastes (Attachment 2) to the ATST Site Manager.
Store and label hazardous materials and waste properly.

e Contact the ATST Site Manager or the AURA Risk Management Specialist to clarify requirements of
this program or about how to properly dispose of waste.

2.2 DESIGNATED PROGRAM COORDINATOR

The ATST Site Manager is responsible for overall coordination of Hazardous Materials, Hazardous Waste
Management and other wastes as detailed in this Program. The ATST Site Manager may designate other
personnel to manage certain requirements as detailed in this program.

3. HAZARDOUS MATERIAL MANAGEMENT

3.1 TRAINING

The ATST Site Manager shall attend an initial Resource Conservation and Recovery Act (RCRA) training
class and thereafter an RCRA annual refresher. (Note: RCRA training is not required for CESQG’s
locations, however it is a requirement established by AURA to ensure that the ATST Site Manager
understands the requirements of hazardous waste management and regulations.)
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ATST personnel shall attend Hazardous Material and Hazardous Waste Management awareness training
with emphasis on the requirements of this program. Those that work with hazardous materials shall have
OSHA - Right to Know training.

3.2 AUTHORIZATION TO PURCHASE CHEMICALS AND/OR HAZARDOUS MATERIALS

Approval by the ATST Site Manager is required for the purchase and use of all chemicals and/or
hazardous materials. The ATST PROCUREMENT AND USE AUTHORIZATION OF HAZARDOUS
MATERIALS form (Attachment 1) shall be completed and submitted to ATST Site Manager at least two
weeks before a purchase order for the hazardous material(s) is initiated. If approved, a copy of the form
will be provided to the requestor for attachment to the purchase order or requisition. The purpose of the
approval is to ensure the safe storage, handling, and eventual disposal of the material.

4. INVENTORY CONTROL PROCEDURES

4.1 HAzZARDOUS WASTE STORAGE AREA INSPECTION

The ATST Site Manager shall conduct a weekly inspection of the area where hazardous wastes are stored,
to ensure that containers are in good condition, properly labeled and there is no leakage.

4.2 MONTHLY INVENTORY OF HAZARDOUS WASTES

The ATST Site Manager is required to complete the ATST MONTHLY HAZARDOUS WASTE
INVENTORY FORM (Attachment 2). The waste inventory is designed to monitor usage, prevent
unnecessary accumulation and to help ensure that hazardous waste does not exceed accumulation limits,
thus subjecting ATST to more stringent RCRA regulations.

4.3 INVENTORY OF SPECIAL WASTES

While certain wastes are not hazardous, they also cannot be disposed of in a sanitary landfill or down the
drain, and may necessitate special disposal procedures. These non-hazardous wastes should be included
in Waste Inventory Form for proper disposal.

4.4 AUDITING

The AURA Risk Management Specialist or a designate will conduct periodic audits of the site to review
the current operations with respect to all applicable safety, health and environmental policies and
regulations. The following issues will be reviewed: hazardous material storage, hazardous waste
accumulation, Material Safety Data Sheet availability, hazardous waste accumulation areas, and
emergency plans. A report indicating any corrective actions that are necessary and suggesting any
improvements will be provided at the end of the audit.

4.5 STORAGE OF MATERIAL SAFETY DATA SHEETS (MSDS)

All chemical manufacturers and suppliers of hazardous chemicals must furnish an MSDS with each initial
shipment and furnish new MSDS information upon request. The MSDS generally contain information
such as the following:

Chemical composition

Physical characteristics and chemical properties

Fire, explosion, and reactivity hazards

Health hazard information and symptoms of overexposure
e Protective equipment recommendations
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¢ Handling and storage precautions
e Cleanup and disposal procedures
o Emergency first aid procedures

Federal and state law requires that written MSDSs must be kept in proximity to the area where products
are stored and must be readily available to all employees at any time. MSDSs must also be available for
emergency personnel or any state or federal agency that requests them. It is the responsibility of the
supervisor in each work area to ensure that all MSDSs are kept in an accessible storage area and are
updated. If an MSDS is missing or incomplete, it is likely that you can obtain a copy from the Internet or
from the manufacturer. Requests for missing MSDSs should be made in writing and sent by fax, and a
copy of the request should be kept in your file.

5. CRITERIA FOR DETERMINING HAZARDOUS WASTE

Note: This is a comprehensive guideline; not all of following classifications are expected to be utilized at
ATST.

5.1 DEFINITION OF HAZARDOUS WASTE

Generally, hazardous materials are not waste until they leave the process or they are no longer needed for
use. As defined by RCRA, a waste is a useless by-product of an operation, a material which is to be
disposed, any material which can no longer be used, or a manufacturing or process by-product.

5.2 HAzARDOUS WASTE IDENTIFICATION AND CLASSIFICATION

As defined by the EPA, a hazardous waste is a chemical composition or has other properties that make it
capable of causing illness, death, or some other harm to humans and the environment when mismanaged
or released into the environment. MSDSs may provide information, which will assist in making a proper
hazardous waste determination. EPA 40 Code of Federal Regulations (CFR) 262.11 requires that
generators must determine if their waste is hazardous. All wastes must be identified and then classified as
hazardous or non-hazardous according to specific federal and state definitions, a procedure is detailed
below.

5.3 PROCEDURE FOR MAKING HAZARDOUS WASTE DETERMINATIONS

The EPA has determined that the following meet the definition of a hazardous waste:
a) A waste which is listed as hazardous in the regulations (40 CFR 261); or b) A mixture that includes
a listed hazardous waste; or a waste which exhibits any of the four following characteristics;
ignitability, corrosivity, reactivity, or toxicity.

The following procedure must be used to determine if a waste is hazardous. If it is, the procedures will

identify the appropriate EPA hazardous waste number for each waste, which will in turn determine

disposal requirements:

e Determine the proper name of the waste and its specific source.

e Check the EPA’s hazardous waste lists (see www.epa.gov/epaoswer/osw/) in the following order:

0 “U” list of toxic wastes (40 CFR 261.33f). See Attachment 6 at pp. 38-45.
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o0 “P” List of acutely hazardous waste (40 CFR 261.33e). See Attachment 6 at pp. 35-38.

o0 “K” List of hazardous wastes from specific sources (40 CFR 261.32). See Attachment 6 at pp.
30-33.

0 “F” List (40 CFR 261.31) for a non-specific source of waste. See Attachment 6 at pp. 25-27.

o If the waste is not one the “U” List, the “P” List, the “K” List, or the “F” List, you must determine
whether the waste exhibits any of following four characteristics:

0 lgnitability: A waste that exhibits the characteristic of ignitability has the EPA hazardous waste
number of DO01. See 40 CFR 8261.20, Attachment 6, for instructions on how to determine
whether a waste exhibits the characteristic of ignitability. Generally, a liquid with a flashpoint
below 140 degrees F, not a liquid but capable of starting a fire under standard temperature and
pressure, an ignitable compressed gas, or a DOT oxidizer.

o Corrosivity: A waste that exhibits the characteristic of corrosivity has the EPA hazardous waste
number of D002. See 40 CFR §261.22, Attachment 6, for instructions on how to determine
whether a waste exhibits the characteristic of corrosivity. Generally, aqueous with pH less than 2
and greater than 12.5.

0 Reactivity: A waste that exhibits the characteristic of reactivity has the EPA hazardous waste
number of D003. See 40 CFR §261.23, Attachment 6, for instructions on how to determine
whether a waste exhibits the characteristic of reactivity. Generally a material that undergoes
rapid or violent chemical reactions with water or other materials.

o0 Toxicity: A waste that exhibits the characteristic of reactivity will have and the EPA hazardous
waste number of D004 through D043. See 40 CFR §261.24, Attachment 6, for instructions on
how to determine whether a waste exhibits the characteristic of reactivity. Generally, leachates
that contain high concentrations of toxic metals or specific organics.

5.4 MiIXeD WASTE RULE
This EPA rule is intended to ensure that hazardous waste is not diluted to prevent the waste from being
hazardous.

For EPA listed wastes, a mixture made up of any amount of non-hazardous waste and a listed waste is
a hazardous waste.

For Characteristic Wastes, a mixture involving characteristics wastes is hazardous only if the mixture
exhibits a characteristic such as ignitability, corrosivity, reactivity, or toxicity.

5.5 DERIVED — FROM RULE

Any material derived from an EPA listed waste is also a listed waste.

A material derived from a characteristic hazardous waste is only hazardous if the resultant material has
the characteristic of a hazardous waste.
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6. ACCUMULATION OF WASTES FOR CONDITIONALLY EXEMPT
SMALL QUANTITY GENERATORS (CESQG)

6.1 LiMITS ON WASTE GENERATION AND ACCUMULATION

To maintain the status of Conditionally Exempt Small Quantity Generator:

The facility may not generate more than 100 kilograms (approximately one-half of a 55-gallon drum,
27 gallons, or 220 pounds) of hazardous waste. The facility may not generate more than 1 kilogram
(2.2 pounds) of acute hazardous waste in one month.

The facility may not have more than 1000 kilograms (approximately five 55-gallon drums, or 275
gallons, or 2200 pounds) of total accumulated hazardous waste and no more than 1 kilogram (2.2
pounds) of accumulated acute hazardous waste at any time.

6.2 EPISODIC GENERATION OF HAZARDOUS WASTE

Generators must comply with the requirements of their status, in this case CESQG, even if the status
changes from month to month. Generation of hazardous waste cannot be averaged over the year; it must
be counted in the month it is generated. Therefore, it is important to plan activities not to exceed the
limits of waste generation and limits of accumulation.

6.3 RECORDKEEPING AND REPORTING (40 CFR 262, SUBPART D) FOR CESQG

Training records are to be kept for the duration of employment plus three years.
Records involving environmental investigation or litigations shall be kept for three years.

CESQG are not required to submit information regarding the generation, accumulation, treatment,
storage, or disposal of hazardous waste unless disposal of hazardous waste is “on-site” or 1000 kg of
hazardous waste or 1 kg of acute hazardous waste is accumulated.

7. STORAGE OF HAZARDOUS WASTE

7.1 DESIGNATION OF WASTE MANAGEMENT AREA

The ATST Site Manager shall establish a safe area near the point of generation for the temporary storage
of that waste before disposal by a licensed contractor. The ATST Site Manager shall periodically hire a
licensed hazardous waste contractor to transport the waste to an EPA permitted hazardous waste
treatment, storage, and disposal facility.

7.2 WASTE CONTAINER LABELING

All hazardous waste containers must be labeled with the words “Waste .7 (Example: Waste
Solvent, Waste Acid, etc) and dated with the accumulation start date (the date declared waste). The
container label shall have an accurate description of the contents of the container. The manufacturer’s
label or a label giving the chemical name and specific hazards (e.g., flammable, corrosive, or poison) is
acceptable. Ensure that all the chemical name(s) (e.g., "waste methyl alcohol”) are noted. Generic names
can be used if a separate list is maintained to indicate the each chemical name and the approximate
amounts of the solution, like an MSDS.
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7.3 CLOSED CONTAINERS

All hazardous waste containers must remain closed except when waste is being added to them.

7.4 CONTAINERS IN GoOoD CONDITION

Containers used for wastes must be in good condition (i.e. no rusting, cracks, or structural defects). If a
container is broken or begins to leak, the material must be transferred to a container in good condition.
The material composition must be compatible with the material to be stored and incompatible materials
must not be stored in proximity to one another. Package materials in sturdy cardboard boxes or plastic
waste containers. Cushion the material in the containers to prevent breakage. If cardboard boxes are used
which originally held other chemicals, the name of the chemical must be covered over or defaced. Failure
to do so constitutes improper marking as to contents and is an EPA and OSHA regulation violation.

7.5 CONTAINMENT

Secondary containment is not mandatory for containers of liquid hazardous waste that is less than 55
gallons. However, a plan for handling spills must be in place.

7.6 SEPARATE INCOMPATIBLE MATERIALS/WASTE

Incompatible materials shall be segregated in separate boxes for quantity greater than 1/4 1b/100 grams
for solids and 4-ounces/100 ml for liquids. Examples of incompatible materials are acids/bases,
organics/oxidizers, and flammable liquids/oxidizers. Unknowns and high hazard materials such as water
reactives shall be packaged separately regardless of quantity.

7.7 HAzARDOUS WASTE DISPOSAL

The disposal of hazardous wastes requires that a licensed hazardous waste contractor be hired to transport
and dispose of the waste. The contractor must have Department of Transportation (DOT) hazardous
materials endorsement on their driver’s license and other DOT credentials. Prior to transport, the ATST
Site Manager shall prepare the materials per:

o 40 CFR 262.30 package per DOT 49 CFR 173, 178, and 179

e 40 CFR 262.31 label per DOT 49 CFR 172

o 40 CFR 262.32 mark each package in accordance with DOT 49 CFR 172 and 172.304 (Hazard
Waste: Federal Law Prohibits Improper Disposal...... )

e and 40 CFR 262.33 Placard or offer Placard to initial transporter in accordance with DOT
requirements (front, back and sides) or offer DOT placards to initial transporter.

7.8 DRAIN DISPOSAL PROHIBITED

No hazardous materials/waste may be disposed of directly to the infiltration well or to the environment at
ATST or any other Haleakala site.

8. PREPAREDNESS AND PREVENTION (40 CFR 264/265 SUBPART C)

The ATST Site Manager shall ensure that he/she and the staff understands the design and operational
aspects of the facility and ensures that the following provisions are met:

e Internal and external communications are functional
e Fire extinguisher and other emergency equipment are tested and inspected
o Spill control and decontamination procedures are written and known by the staff
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Testing and inspection of equipment is adequate

Access to communications and alarms systems are not blocked or hindered
Hallways and aisle spaces are not blocked or congested

Arrangements with local emergency response agencies have been made.

9. EMERGENCY SPILL PROCEDURES

9.1 EMERGENCY PROCEDURES

The ATST Site Manager shall ensure that there are specific spill emergency plans and provide
information and training to individuals working in the areas where hazardous materials that may be used.
Emergency procedures and emergency telephone numbers shall be posted in the work area. Personnel
working with hazardous chemicals should be able to answer the question: "What would | do if this
material spilled?"

9.2 SPILL KITS

The ATST Site Manager shall ensure that a spill kit(s) with instructions, absorbents, reactants, and
protective equipment is available for clean up of minor spills. It is recommended that at least a 90-gallon
universal spill kit should be at the site.

9.3 SPILL CLEAN UP

A minor spill is one that does not spread rapidly, does not endanger people or property except by direct
contact, does not endanger the environment, and the workers in the area are capable of handling safely
without the assistance of safety and emergency personnel. All other chemical spills are considered major.
If the spill is major, contact the Fire Department (911), other local authorities, and the AURA Risk
Management Specialist for advisement.

In the event of a spill, attend to anyone who may have been contaminated or hurt, if it can be done
without endangering yourself. Open windows where this can be done without endangering yourself. If
flammable materials are spilled, de-energize electrical devices if it can be done without endangering
yourself. The following are general procedures for the handling spills:

Ready the spill kit, move to a safe proximity of the spill

Ensure protective apparel is resistant to the spilled material.
Neutralize acids and bases, if possible using neutralizing agents such as sodium carbonate or sodium
bisulfate.

Control the spread of liquids by containing the spill. Absorb liquids by adding appropriate absorbent
materials, such as vermiculite or absorbent material, from the spill's outer edges toward the center.
Paper towels and sponges may also be used as absorbent material, but this should be done cautiously
considering the character of the spilled material.

Collect and contain the cleanup residue and any materials used to clean up the spill by scooping them
into a plastic bucket or other appropriate container and prepare the container for properly disposing of
the waste as hazardous waste.

Decontaminate the area and affected equipment. Ventilating the spill area may be necessary.
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Document what happened, why, what was done, and what was learned. Such documentation can be
used to avoid similar instances in the future. Major incidents are usually preceded by numerous near
misses.

9.4 REPORTING REQUIREMENTS

After the initial spill response, contact the AURA Risk Management Specialist to determine whether there
are any federal or state reporting requirements. Some reporting obligations are immediate, and must be
made within 24 hours.

10. SPECIFIC INFORMATION ON THE DISPOSAL OF VARIOUS
MATERIALS/WASTE

10.1 RESPONSIBILITY

The individual possessing or generating the material/waste retains the primary responsibility for the
material/waste. The ATST Site Manager shall provide information on the requirements and assistance in
handling the materials. Specific information on various types of materials is given below.

10.2 RCRA EMPTY CONTAINERS OF HAZARDOUS WASTES

Containers or inner liners removed from a container that held non-acutely hazardous waste (P List) is
empty if:

o All waste has been removed that can be removed by normal means and
0 No more that 2.5 cm (1 inch) heel remains or
= No more than 3% (wt) if less than 110 gallon container or
= No more than 0.3% (wt) if greater than 110 gallons remains

10.3 BATTERIES
Lithium, nickel/cadmium or mercury batteries shall be stored at the hazardous waste accumulation site for
contract disposal. Vehicle batteries are recyclable and arrangements with local vendors shall be made.

10.4 COMPRESSED GASES

Compressed gas cylinders should be returned to the vendor. A return agreement with the vendor should
be included in the contract. Without such an agreement, the return or disposal of the cylinders is difficult
and very costly.

10.5 HAZARDOUS CHEMICALS AND HAZARDOUS WASTE ALTERNATE USE

The ATST Site Manager shall periodically (on an as needed bases) hire a licensed contractor to transport
and dispose of hazardous wastes. Efforts should be made to determine if others could use excess
hazardous chemicals in other department or facilities prior to submitting for contract disposal. Chemicals
considered non-hazardous waste (see "Non-hazardous Waste" below) could be disposed of in the
municipal sanitary landfill or sanitary sewer.

10.6 MERCURY

Discarded items containing functional mercury (e.g. light switches, barometers, and thermometers) shall
be stored at the hazardous waste accumulation site for contract disposal.
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11.NON-HAZARDOUS WASTE

11.1 LAB CHEMICALS

Listed below are typical laboratory chemicals that are not considered hazardous wastes by the U.S.
Environmental Protection Agency. Chemicals with an LD50 (oral rat) greater than 500 mg/kg are
considered non-hazardous unless they are suspect carcinogens, mutagens, or teratogens (the LD50 can be
found in the MSDS). Non-hazardous waste can be disposed of in the municipal sanitary landfill if solid.
Some examples include:

Organic chemicals, salts: Na, K, Mg, Ca, NH4
Inorganic Chemicals, Sulfates: Na, K, Mg, Ca, Sr, NH4
Phosphates: Na, K, Mg, Ca, Sr, NH4

Carbonates: Na, K, Mg, Ca, Sr, NH4

Oxides: B, Mg, Sr, Al, Si, Ti, Mn, Fe, Co, Cu, Zn
Chlorides: Na, K, Mg

Fluorides: Ca

Borates: Na, K, Mg, Ca

Alum, Alumina and Silica gel.

Always refer to the “Procedure for Making Hazardous Waste Determinations” section of this program and
the products MSDS for more detail.

11.2 ALKALINE BATTERIES

Attempts should be made to recycle alkaline batteries.
11.3 OILS (AND OTHER MATERIALS WITH SIMILAR HANDLING AND DISPOSAL REQUIREMENTS):

11.3.1 Hydrostatic Oil, Diesel Fuel, Transformer Fluid and Propylene Glycol

The ATST Site Manager will assist with disposal of these materials. Used motor oil is recyclable through
local vendors. The following requirements apply to used oil:

e Used oil may only be stored in containers that are in good condition and not leaking.

o Containers, aboveground storage tanks, and fill pipes must be labeled or marked clearly with the
words “Used Oil.”

e Upon detection of a release of used oil, stop the release, contain the used oil, clean up and manage
properly the used oil and other materials, and if necessary, repair or replace any leaking used oil
storage containers.

o If arelease of used oil occurs, Contact the AURA Risk Management Specialist for information
regarding cleanup and special regulatory reporting requirements that may apply.

11.4 PAINT WASTE

Excess paint or waste paint containing cadmium, chromium, lead, or mercury will not be recycled but will
be disposed of as hazardous waste. Other paint waste generated will be stored in a marked container
labeled, “Paint Waste for Recycling”.
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11.5 FLUORESCENT LIGHT TUBES

The ATST Site Manager shall designate a storage area for burned out fluorescent light tubes. Tubes shall
not be crushed and shall be transferred to a recycler or a licensed disposal contractor.

11.6 MIRROR STRIPPING

Chemicals used for aluminum stripping process are not EPA listed chemicals. They are, however,
considered characteristically hazardous before and during use. The waste stream generated should result
in no hazardous waste, as the final by-product will have a pH greater than 2 and less than 12.5, and will
contain only salts of the metals aluminum, copper, calcium, and potassium. The process-completion wash
effluent shall be sent to special process completion holding tank(s).

It is expected that process-completion effluent will have a pH between 2 and 12.5, and the mixture would
be considered non-hazardous. The process completion effluent shall be checked with litmus strips and a
calibrated pH meter at the end of the process. Treating industrial waste on-site will not be done without
proper licensing permits.

The ATST Site Manager shall have a certified lab analysis done of the process completion effluent to
determine actual pH and consult with local authorities about the accepted mode of disposal of the
effluent.

Wipes for each process shall be containerized and disposed of properly.

The solution of soap and water used during the prewashing of the mirror with soap may be released to the
infiltration well.
11.7 DOME AND STRUCTURE COOLING FLUID

Propylene Glycol is not an EPA listed or a characteristically hazardous chemical. It is however being
treated as a foreign material due to the environmental sensitivity of Haleakala. In the event of a spill,
follow the spill procedure for oil.

12. HAZARDOUS WASTE MINIMIZATION

12.1 BUYING CHEMICALS IN SMALLER AMOUNTS

The "large economy size™ may cost less to buy, but disposal costs, in most cases, are several times the
initial cost of the material. Many of the bottles of excess or waste chemicals sent for disposal are full or
3/4 full. Everyone needs to try to accurately estimate the amount of a chemical they expect to use.
12.2 RECYCLING AND REDISTRIBUTION

Efforts should be made to find other departments who can use the hazardous material before it is
submitted to the ATST Site Manager as waste for contract disposal.

12.3 USE OF LESS HAZARDOUS OR NON-HAZARDOUS MATERIALS

Employees are encouraged to investigate the use of use of less hazardous or non-hazardous materials.
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(Attachment 1)
ATST PROCUREMENT AND USE AUTHORIZATION OF HAZARDOUS
MATERIALS

An approved (signed) copy of this form must accompany any request, purchase order, or requisition for

the procurement and use of all hazardous materials.

NAME: (requestor)
DEPARTMENT: PHONE NO., EXT.:
LOCATION: PURCHASE ORDER NO.:
Chemical Name Solid/Liquid/ Amount Usage Plan Estimated
Gas (gallon, Ibs) Usage Period

REQUESTOR:

DATE:

(signature)

PLEASE SEND THE COMPLETED FORM TO: ATST Site Manager

APPROVAL FOR PROCUREMENT AND USE:

DATE:

ATST SITE MANAGER (signature)

APPROVAL NO.:

SPEC-0035 Rev A
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ATST MONTHLY HAZARDOUS WASTE INVENTORY FORM

(Attachment 2)

This form is designed to assists ATST with proper management of our hazardous waste. If you have any
hazardous or non-hazardous waste being stored for disposal, please provide the information requested. If
additional space is needed, you may use an attached sheet using the same format. If at a later date you

generate wastes not previously listed, please submit an amended form.

Chemical Name Solid/Liquid/ Amount
Solution (gallon, Ibs)
ATST SITE MANAGER (Printed Name) (Signature)
DATE:
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BOTANICAL SURVEY
THE ADVANCED TECHNOLOGY SOLAR TELESCOPE (ATST)
"SCIENCE CITY"™, ISLAND OF MAUI, HAWAI‘I
Forest Starr & Kim Starr (Starr Environmental)
December 2005

INTRODUCTION

The National Science Foundation has applied to develop the Advanced Technology Solar Telescope
(ATST) within the 18.166-acre University of Hawai‘i Institute for Astronomy Haleakala High Altitude
Observatories (HO) site at the summit of Haleakala, county of Maui, Hawai‘i. The project site is located
on TMK 2-2-2-007-008, located on the top of Pu‘u Kolekole cinder cone. It is proposed to construct the
ATST project on approximately 0.60 acres (25,800 sq ft) of undeveloped land east of the existing Mees
Solar Observatory facility, or at the alternative site within HO at Reber Circle. These are the results of a
botanical survey of the proposed sites.

OBJECTIVES - SCOPE

1. Provide general description of the vegetation type.

2. Inventory terrestrial vascular flora.

3. ldentify any vegetation that has federal status, and indicate locations on a map.
4. Provide recommendations to minimize negative impacts on botanical resources.

SURVEY METHODS

Prior to undertaking the field work, previous surveys done by the U.S. Air Force (Air Force, 1991), Belt
Collins and Associates (Belt Collins, 1992), Char and Associates (Char, 2000), the Maui Space
Surveillance Complex (MSSC, 2002), and Forest Starr and Kim Starr (Starr and Starr, 2002) were
reviewed and maps of the site were acquired. The survey work was performed by two botanists, Forest
Starr and Kim Starr on December 2, 2005. Access to the site was by vehicle. Once at the site, a walk-
through survey method was used to record plant species. Species identification was made primarily in the
field. Plants which could not be positively identified in the field were collected for later determination.
Images were taken of all plant species to help with creation of a non-technical guide. All plants with
federal status were noted, and their locations marked on a map of the site. Plant names in the following
report generally follow Wagner et al. (1999) as well as other sources including Palmer (2003) and Neal
(1965).

DESCRIPTION OF THE VEGETATION

The vegetation type on Puu Kolekole is an Argyroxiphium / Dubautia alpine dry shrubland. Dry alpine
shrublands are typically open communities, occurring at 3,000-3,400 m (9,842-11,155 ft) elevation,
predominantly on barren cinders, with very sparse vegetation cover (Wagner et al., 1999). The site is
located near the summit of Haleakala, at 2,999-3,052 m (9,840-10,012 ft) elevation. Average annual
rainfall is 112 cm (44 in), occurring primarily during the winter months (County of Maui, 1998).
Temperatures occasionally dip below freezing, with average annual temperature at the summit of
Haleakala ranging from 42.6 - 50 degrees F (5.9 - 10 degrees C) (County of Maui, 1998), and once every
few years it will snow. The substrate is a mixture of ash, cinders, pumice, and lava (MSSC, 2002). The
vegetation is sparse, from a near barren <1% cover to about 10% cover. The vegetation is also low, no
more than one meter (3 ft) tall anywhere on the site. During our survey, a total of 25 plant species were
observed. Of which, 11 (44%) were native and 14 (56%) were non-native.

Both the preferred and the alternate sites contain two general types of areas, undisturbed areas and areas
where construction has occurred. Undisturbed areas generally retain the original landscape of the
mountain, and are comprised of predominantly native plants including shrubs, such as naenae (Dubautia
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menziesii), pukiawe (Styphelia tameiameiae) and ohelo (Vaccinium reticulatum), herbs, such as
tetramolopium (Tetramolopium humile), and grasses, including bentgrass (Agrostis sandwicensis),
hairgrass (Deschampsia nubigena), and mountain pili (Trisetum glomeratum). Three species of native
ferns, ‘iwa ‘iwa (Asplenium adiantum-nigrum), ‘oali‘i (Asplenium trichomanes subsp. densum), and
kalamoho (Pellaea ternifolia) are found tucked into rock crevices and overhangs.

Areas of both sites where construction has occurred generally show signs of disturbance by heavy
machinery, support fewer native species, and contain more weeds. Weeds found in these disturbed areas
include non-native herbs, such as thyme-leaved sandwort (Arenaria serpyllifolia), storksbill (Erodium
cicutarium), hairy cat's ear (Hypochoeris radicata), sweet allysum (Lobularia maritima), black medick
(Medicago lupulina), evening primrose (Oenothera stricta subsp. stricta), common plantain (Plantago
lanceolata), and common vetch (Vicia sativa subsp. nigra). These areas also harbor a selection of non-
native grasses, including rescue grass (Bromus willdenowii), Yorkshire fog (Holcus lanatus), and
Kentucky bluegrass (Poa pratensis). The only "trees" known from the sites are two unidentified pine
trees (Pinus sp.) that were located between a weather station and the Mees Solar Observatory offices
(Starr and Starr, 2002), and one Japanese sugi pine (Cryptomeria japonica) located near the former LURE
facility. The pines were about 20 cm tall and looked more like a small multi-branched shrub than a tree.
This was the first record of pines on the summit of Haleakala. It was not known if the trees were planted,
arrived as contaminants in soil, or blew in on the wind. Though small, they appeared to be many years
old. At the recommendation of the Friends of Haleakala National Park, the trees were removed.

MEES SITE

The "Mees" site is located just east of the existing Mees Solar Observatory. The site is mostly
undisturbed, with the original mountain profile remaining intact, except in the center of the property near
the test tower where the ground was scraped flat by heavy machinery, and large piles of rubble, soil, and
rocks were placed on the margins of the flattened area.

There were 10 native and 9 non-native plants found on the Mees site. The most heavily disturbed
portions of the site, such as the scraped portions near the test tower, contained virtually no plants, native
or non-native. Areas covered in asphalt with no cracks also contained no plants.

Portions of the site that were moderately disturbed, especially areas near buildings and roads contained
the most weeds and fewest natives. Non-native plants found on the Mees site include thyme-leaved
sandwort (Arenaria serpyllifolia), storksbill (Erodium cicutarium), hairy cat's ear (Hypochoeris radicata),
black medick (Medicago lupulina), evening primrose (Oenothera stricta subsp. stricta), pine (Pinus sp.),
English plantain (Plantago lanceolata), Kentucky bluegrass (Poa pratensis), and common or spring vetch
(Vicia sativa subsp. nigra).

Portions of the site that were the least disturbed contain the most native plants and the least weeds.
Native plants found on the Mees site include Hawaiian bentgrass (Agrostis sandwicensis), ‘iwa ‘iwa
(Asplenium adiantum-nigrum), ‘oali‘i (Asplenium trichomanes subsp. densum), hairgrass (Deschampsia
nubigena), kupaoa (Dubautia menziesii), kalamoho (Pellaea ternifolia), pukiawe (Styphelia
tameiameiae), tetramolopium (Tetramolopium humile), mountain pili (Trisetum glomeratum), and ohelo
(Vaccinium reticulatum).

The most undisturbed areas of HO hold remnant pockets of native plants indicative of relatively pristine
conditions. Two native shrubs, ohelo and pukiawe, appear to be sensitive to disturbance/urbanization on
Pu‘u Kolekole, and were found on the Mees site, but not on the Reber Circle site, suggesting a lower level
of overall disturbance has occurred on the Mees site compared to the Reber site.
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REBER CIRCLE SITE

The Reber Circle ("Reber") site is located near the MAGNUM and Atmospheric Airglow facilities. The
bulk of the Reber site was previously a radio telescope in the early 1950's. Most of the site is disturbed,
with the original profile of the mountain evident only on the margins of the site, often where the land is
steep. There were large piles of soil and a pile of coral rubble placed between Reber and MAGNUM. The
center of the site was the foundation of the radio telescope, and is currently a gravel parking lot.

There were 9 native and 7 non-native plants found on the Reber site. The most heavily disturbed portions
of the site, such as the roads, parking lots, and existing buildings, contained virtually no plants, native or
non-native.

Portions of the site that were moderately disturbed, especially those areas near buildings and roads,
contained the most weeds and fewest natives. Non-native plants found on the Reber site include Japanese
sugi pine (Cryptomeria japonica), storksbill (Erodium cicutarium), Yorkshire fog (Holcus lanatus), hairy
cat's ear (Hypochoeris radicata), lythrum (Lythrum maritimum), evening primrose (Oenothera stricta
subsp. stricta), and Kentucky bluegrass (Poa pratensis).

Portions of the site that were the least disturbed contained the most native plants and the least weeds.
Native plants found on the Reber site include Hawaiian bentgrass (Agrostis sandwicensis), ‘ahinahina
(Argyroxiphium sandwicense subsp. macrocephalum),‘iwa ‘iwa (Asplenium adiantum-nigrum), ‘oali‘i
(Asplenium trichomanes subsp. densum), hairgrass (Deschampsia nubigena), kupaoa (Dubautia
menziesii), kalamoho (Pellaea ternifolia), tetramolopium (Tetramolopium humile), and mountain pili
(Trisetum glomeratum).

The same patterns of nativity in relation to disturbance that occur on the Mees site also seem to occur on
the Reber site. In other words, native plants dominate undisturbed areas and non-natives dominate
disturbed sites. Additionally, it appears some natives drop out completely in the most disturbed sites. As
was stated earlier, the Reber site does not contain the native shrubs pukiawe and ohelo, suggesting a
higher level of disturbance than some of the other areas at HO, such as the Mees site which contains both
pukiawe and ohelo. One dead silversword was found east of the Reber circle, near the existing small
building.

SOIL PLACEMENT / STAGING AREA

Located just west of HO, between the Faulkes Telescope North and the Department of Energy site. The
site is bare dirt that is basically devoid of vegetation, has been heavily disturbed, and appears to be
actively used. No plants, native or non-native, were found on the site.

ENDANGERED, THREATENED, LISTED, OR PROPOSED PLANT SPECIES

Haleakala silverswords (Argyroxiphium sandwicense subsp. macrocephalum) are federally listed as
"threatened™" species, meaning they may become endangered throughout all or a significant portion of
their range if no protection measures are taken. In 2002, nine live silverswords and three dead
silversword flower stalks were located on the UH property. All of the live plants were on the MSSC site.
Despite being quite large, up to 50 cm (20 in) in diameter, these nine live silverswords apparently were all
less than five years old and have come up since construction of the facility (Steve Shimko pers. comm.).
The live silverswords were located in landscaped areas, alongside retaining walls, on a steep slope just
below the parking area, and in the MSSC leach field. There were also three dead silversword flower
stalks on the UH property. Two stalks were placed near the MSSC leach field by National Park Service
personnel. The other dead silversword flower stalk was located near the Lure observatory and was alive
in 1991 (Air Force, 1991).
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It is this last silversword which was found again during this recent survey. The lone silversword is
located near the Reber site, east of the Reber Circle, near an existing small building. The silversword
appeared to have been dead for many years, and to have gone to flower before dying. The dead
silversword flowering stalk skeleton was not observed, and it is not known where it went. The area
around the silversword plant was searched for seeds, but none were found.

DISCUSSION & RECOMMENDATIONS

SILVERSWORDS

As has been stated in previous botanical surveys of HO (Belt Collins, 1992; Char, 2000; Starr and Starr,
2002) if there was to be construction in areas of the property where silverswords now occur, the
silverswords could likely be relocated to another area without adverse effects. New silverswords could
also likely be planted if transplanting of live silverswords was unsuccessful. Those performing
relocations should consult with Haleakala National Park and United States Fish and Wildlife personnel
before construction to determine where and how best to relocate the plants. We understand that no ATST
construction is planned for areas where silverswords now occur.

NON-NATIVES

There are an inordinate number of non-native plants on the HO site compared to similar adjacent
"pristine"” areas of Haleakala National Park, Kahikinui Forest Reserve, and Kula Forest Reserve. There
appear to be many reasons for this.

To some extent, development at this site seems to promote plant growth, both native and non-native.
Given the disturbance to the soil from construction, additional water sources from discharge pipes and
gutters, and protection from the elements by objects such as building foundations and sidewalks, both
native and non-native plants are able to find refuge in otherwise inhospitable locations.

Intentional plantings are one way non-native plants have been introduced to the site. Steve Shimko of
Boeing LTS mentioned that UH did some experimental plantings of non-native grasses on the site in the
1970s. Aerial photographs from 1975 confirm rows of plants, presumably grasses, being cultivated near
the center of the site (Starr and Starr, 2002). The large number of alien grasses at the UH site compared
to similar areas nearby may be attributable in part to these experimental plantings. In addition to the non-
native grass plantings, the only "trees" found on the site appear to have been planted, though it is not
definitively known if the trees were planted, arrived as contaminants in soil, or blew in on the wind.

Unintentional introduction seems to be the main way non-native plants have gotten to the site.
Presumably as a direct result of HO being developed and operated, there are many more non-native plants
at HO, than on nearby similar land. Most of the non-natives at HO are found in disturbed areas that are
frequented, especially near buildings and roads. EXxisting non-native plants at HO now create a foci from
which invasion into un-infested portions of the HO site and nearby pristine areas is now possible.

Given all this, it seems that weed prevention and control efforts on the HO site should be increased, to
minimize the impacts to the native botanical resources. For example, the MSSC does a good job of
controlling weedy species on their site, while letting the native species flourish. Similar efforts on the rest
of the HO would go a long way towards protecting the summit flora, and minimizing negative effects on
the botanical resources. We estimate that one person one day a month would be able to keep the non-
native plants in check at HO. Volunteer groups, such as the Friends of Haleakala National Park could
also be enlisted to help. In addition to weed control, future plantings of non-natives at HO should be
avoided. Lastly, better weed prevention measures during facility operation should be implemented.
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NATIVES

Construction on either the Mees or Reber sites will destroy hundreds of native plants. Some will perhaps
be able to re-colonize undeveloped portions of the sites, but most will be displaced and unable to recover.
That said, unless the entire HO property was covered in concrete, it seems likely that coupled with
prevention measures outlined below, and weed control efforts like those currently employed at the MSSC,
the development of the ATST on the Mees or Reber site would not have a significant negative impact on
the native Hawaiian botanical resources.

CONSTRUCTION MEASURES

Accidentally introducing non-native species to the summit area during construction can disrupt the native
ecosystem and have significant adverse effects to the native biota (Char, 2000; Belt Collins, 1992). As
potential mitigation measures and to reduce potential for unwanted introductions, the construction
contractor should utilize the following measures as outlined in the IfA Long Range Development Plan
(LRDP, Section 9.3.1).

Haleakala National Park has experienced the introduction of destructive non-native species that compete
with and have in some cases displaced native plants and insects. These introductions threaten the
ecological balance at the site, and in cooperation with Haleakala National Park, IfA requires any
contractor to take the following measures at HO to prevent construction or repair activities from
introducing new species:

e Any equipment, supplies, and containers with construction materials that originate from elsewhere,
i.e., the other islands or the mainland, must be checked for infestation by unwanted species by a
qualified biologist or agricultural inspector prior to being transported from Kahului. Specimens of
non-native species found in these inspections are to be offered to the state for curation, and those not
wanted are to be destroyed. All construction vehicles must be steam cleaned before they are
transported through the National Park. The contractor shall provide certification attesting to
compliance with this paragraph for inspection and steam cleaning. Contractors shall also notify IfA a
week prior to their initial entry into Haleakala National Park, so that arrangements can be made with
the Park Service or other provider of inspection services. After the initial entry, coordination shall be
directly between the inspectors and the contractor.

o Importation of fill material to the site is prohibited, unless such fill (e.g., sand) is sterilized to remove
seeds, larvae, insects, and other biota that could survive at the site and propagate. All material
obtained from excavation is to remain on Haleakala. Surplus excavated cinders, soil, etc., is to be
offered to other agencies located at the summit or the NPS.

e Contractors are required to participate in IfA pre-construction briefings to inform workers of the
damage that can be done by unwanted introductions. Satisfactory fulfillment of this requirement
would be evidenced by a signed declaration from each worker who drives a construction vehicle into
the site.

e Parking of heavy equipment and storage of construction materials outside the immediate confines of
HO property is prohibited.

o Contractors are required to remove construction trash frequently, particularly materials that could
serve as a food source that would increase the population of mice and rats that prey on native species.
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OPERATING MEASURES

Recent surveys have found that non-native plant species are able to establish well after construction has
taken place, during normal operations of facilities at HO. Workers transporting themselves, their
vehicles, and their gear up and down the mountain provide the opportunity for weedy non-native plants to
be introduced to the site. Some of these plant species have the ability to negatively impact the native
botanical resources of HO and adjacent lands. To reduce potential for unwanted introductions and spread
during facility operations, the operating contractor should take the following measures.

o Have contractor be familiar with native and non-native plants at the site. A non-technical color guide
has been created during this survey to help with this.

e Assure all gear, clothing, boots, and vehicles are weed free before proceeding to the summit.
e Prohibit plantings of non-native plants on site.

e Arrange for regular weed control on the site, by folks familiar with the vegetation of Haleakala, with
the ultimate goal of no non-native plants on the site.

ANNOTATED CHECKLIST

Below is a narrative on each of the vascular plant species found at the proposed sites (Mees and Reber).
Information from the water retention basin (Basin) is also included. The scientific name, common name,
family, and nativity status is given. Following that are comments on the species in general, and then more
specific information, including locations and numbers of individuals observed, at each of the proposed
sites. The numbers of individuals are often approximate and are generally more indicative of relative
abundance than exact counts.

Agrostis sandwicensis -- Hawaiian bentgrass (Poaceae)

Endemic. Slender native bunch grass. The least common of the three native grasses found in the alpine
area of Haleakala. Scattered about both sites.

Mees: Occasional. A dozen or so plants scattered amongst the rocks.

Reber: Occasional. A bit more common than at the Mees site, with 33 plants observed.

Arenaria serpyllifolia -- Thyme-leaved sandwort (Caryophyllaceae)

Non-native. Ephemeral herb that seems to come and go with the rains. Most common near Mees Solar
Observatory.

Mees: A few plants in rocks in relatively undisturbed portion of site. Many more plants along the north
wall of Mees Solar Observatory.

Reber: None.

Argyroxiphium sandwicense subsp. macrocephalum -- Haleakala silversword, ‘ahinahina
(Asteraceae)

Endemic. Distinctive silver rosette plant found only on East Maui. The silverswords at HO are some of
the only known silverswords in the wild beyond the Haleakala National Park boundary. One dead plant
was found near the Reber site.

Mees: None.

Reber: One dead plant observed near the site. The area around the silversword plant was searched for
seeds, but none were found
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Asplenium adiantum-nigrum - ‘lwa ‘iwa (Aspleniaceae)

Indigenous. Leathery fern with black stipe found scattered about both sites, especially in rock crevices.
Mees: Occasional. A half dozen clumps found in rock crevices.

Reber: Occasional. Eight clumps found in rock crevices.

Asplenium trichomanes subsp. densum — “‘Oali‘i (Aspleniaceae)

Indigenous. Diminutive fern with small leaves found tucked in rock crevices.

Mees: Occasional to rare. Three clumps found tucked in rock crevices, in northwest portion of site.
Reber: Rare. One clump found.

Bromus willdenowii -- Rescue grass (Poaceae)

Non-native. Hardy grass with large seed heads. Scattered individuals found around HO, but most
common and vigorous in the water retention basin.

Mees: None.

Reber: None.

Basin: A few dozen vigorous plants found in the retention basin, especially on the northwest side.

Cryptomeria japonica -- Japanese sugi pine (Taxodiaceae)

Non-native. One lone tree. This is a new addition to plants known from HO, and the only live "tree"
found during a prior survey.

Mees: None.

Reber: Rare. One tree near former LURE facility. It was about a meter tall, was alive, but not
exceptionally vigorous. It appeared to be planted. In following with the Friends of Haleakala request it
was removed (LRDP, 2005). See also Pinus sp.

Deschampsia nubigena -- Hairgrass (Poaceae)

Endemic. Feathery bunch grass. The most common of the three native alpine grasses.

Mees: Common. This is the most common grass on the site. It covers most of the site, especially tucked
under rocks; 470 clumps were found scattered here and there.

Reber: Common. This is the most common grass on the site; 213 clumps were observed scattered about.

Dubautia menziesii -- Kupaoa, na‘ena‘e (Asteraceae)

Endemic. A relative of the silversword, and known only from East Maui, this hardy native shrub can be
found over most of HO, even in the most urbanized sections. The wind dispersed seeds of this shrub
presumably help it re-colonize disturbed areas. In many cases this plant was observed growing through
cracks in asphalt, and on the margins of concrete.

Mees: Common. The most common shrub on the site;160 plants were observed.

Reber: Common. The most common shrub on the site;209 plants were observed.

Erodium cicutarium -- Storksbill (Geraniaceae)

Non-native. Ephemeral herb that is established near structures.

Mees: Occasional. 22 plants and many more small seedlings were found near the existing Mees Solar
Observatory building and parking lots.

Reber: Occasional. One plant and numerous seedlings at base of walls of Atmospheric Airglow Facility.
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Holcus lanatus -- Yorkshire fog (Poaceae)

Non-native. Invasive grass that is established at HO, but is currently only known from a couple lone
plants and one localized patch. This is one of the non-native species that would be good to remove before
it becomes further established at HO and begins to spread to adjacent parklands.

Mees: None.

Reber: Occasional to rare. One patch of dozens of plants found half way up hill with small asphalt foot
path. A couple small plants were found scattered on the same hill.

Hypochoeris radicata -- Hairy cat's ear (Asteraceae)

Non-native. Cosmopolitan tap-rooted herb that is found virtually everywhere in small numbers.
Mees: Occasional to rare. Three small patches observed.

Reber: Occasional. 17 plants observed.

Lobularia maritima -- Sweet alyssum (Brassicaceae)

Non-native. One of the more aggressive species on Puu Kolekole right now. It has spread in distribution
since we last surveyed the site, especially near the water retention basin and behind the building near the
Department of Energy site. This is another invasive plant species that would be good to keep in check in
order to minimize negative impacts on the native botanical resources of HO and nearby areas.

Mees: None.

Reber: None.

Basin: Occasional. A few plants scattered about the southwest rim of the basin.

Lythrum maritimum -- Lythrum (Lythraceae)

Questionably indigenous. A slender shrub of questionable nativity. A new addition to the plants known
from "Science City". Prefers moist sites.

Mees: None.

Reber: Rare. One plant found along small path that leads up the rock hill to the Atmospheric Airglow
facility.

Medicago lupulina -- Black medick (Fabaceae)

Non-native. Mat forming herb with trifoliate leaves and yellow flowers.

Mees: Occasional to common. Well established near existing buildings and parking lot at Mees Solar
Observatory. Large patches were forming mats in the gravel parking lot, cracks in the paved parking lot,
and near the building.

Reber: None.

Oenothera stricta subsp. stricta -- Evening primrose (Onagraceae)

Non-native. Colorful yellow flowered plant that can be quite invasive.

Mees: Occasional to common. Found near roads and buildings. A patch of 100+ seedlings and small
plants was found near the existing cistern near the Mess Solar Observatory.

Reber: Occasional. A half-dozen or so plants scattered over site.

Pellaea ternifolia -- Cliff brake, kalamoho (Sinopteridaceae)

Indigenous. Three leaved fern found in small numbers in rock cracks.

Mees: Rare. One patch seen.

Reber: Occasional to rare. Three patches observed on a small south-facing cliff on the southern part of
the property.
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Pinus sp. -- Pine (Pinaceae)

Non-native. Two pines were previously known from the Mees site. They have since been removed at the
request of the Friends of Haleakala National Park (KC Environmental, 2005). The skeleton of one of
those pines was found.

Mees: One dead individual found stuffed in rocks.

Reber: None.

Plantago lanceolata -- English plantain (Plantaginaceae)

Non-native. A cosmopolitan weed that is currently a target for control by the Friends of Haleakala
National Park near Kapalaoa Cabin.

Mees: Occasional. 15 plants observed, mostly near the cistern.

Reber: None.

Poa pratensis -- Kentucky bluegrass (Poaceae)

Non-native. Hardy grass that forms small patches by root suckering. The blades of this grass are often
very short in the open, and much longer in the protected areas near buildings.

Mees: Occasional. A half-dozen patches found, especially near the Mees Solar Observatory and cistern.
Reber: Occasional. A dozen patches found, especially near the base of walls at the Atmospheric Airglow
Facility.

Styphelia [syn. Leptecophylla] tameiameiae -- Pukiawe (Epacridaceae)

Indigenous. Hardy native shrub that appears to not do as well in heavily disturbed areas. A fair amount
at the Mees site, but none found at the Reber site.

Mees: Occasional. 38 plants found scattered across site, mostly in undisturbed portions.

Reber: None. The lack of pukiawe is likely a result of the disturbed condition of the site.

Tetramolopium humile -- Tetramolopium (Asteraceae)

Endemic. Succulent native herb that prefers cracks in rocks, and can seemingly cope with limited levels
of disturbance.

Mees: Occasional. A dozen plants scattered across site. Some growing in cracks in asphalt parking lot.
Reber: Occasional. 15 plants observed.

Trisetum glomeratum -- Mountain pili, pili uka (Poaceae)

Endemic. Tussock forming grass. The 2nd most common native grass of the alpine area.
Mees: Occasional. 119 plants observed on site.

Reber: Occasional. 56 plants observed on site.

Vaccinium reticulatum --Ohelo (Ericaceae)

Endemic. Fruit bearing native shrub that appears to be confined to areas that have not seen heavy
disturbance in the past.

Mees: Occasional. A half dozen plants were observed on the site, in relatively undisturbed areas.

Reber: None. The lack of ohelo at this site likely attests to the disturbed condition of the site.

Vicia sativa subsp. nigra -- Common or spring vetch (Fabaceae)

Non-native. Twining vine with purple flowers and twisted pods. This is a new addition to plants known
from "Science City". This species is currently found in very limited distribution.

Mees: Rare. A few plants found near north facing wall of Mees Solar Observatory, presumably it's point
of introduction. The plants were pulled and bagged, but it had already gone to seed, so follow up will
likely be necessary.

Reber: None.
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SITE PHOTOS -PROPOSED ATST

West of Mees site

Reber Circle site
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Soil placement / staging area
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PICTORIAL PLANT GUIDE:
ADVANCED TECHNOLOGY SOLAR TELESCOPE (ATST)

It is hoped this pictorial plant guide will provide a non-technical resource for those wishing to learn more
about the vegetation on the proposed ATST sites and the other areas of HO. Native and non-native
(indicated by an *) plants are included. All images were taken by Forest Starr and Kim Starr. The
following includes images of all the vascular plant species found on the proposed ATST building sites;
however, not all the images were taken at the proposed ATST sites, but ATST- and HO-specific images
were used whenever possible. Additional images of these species can be found at www.hear.org/starr.

Agrostis sandwicensis Arenaria serpyllifolia*
Hawaiian bentgrass (Poaceae) Thyme-leaved sandwort (Caryophyllaceae)
APPENDIX E:
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Argyroxiphium sandwicense
subsp. macrocephalum

Haleakala silversword, ‘ahinahina Asplenium adiantum-nigrum
(Asteraceae) ‘lwa ‘iwa (Aspleniaceae)
Asplenium trichomanes subsp. Densum Bromus willdenowii*
‘Oali‘i (Aspleniaceae) Rescue grass (Poaceae)
APPENDIX E:
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Cryptomeria japonica* Deschampsia nubigena

Japanese sugi pine (Taxodiaceae) Hairgrass (Poaceae)
Dubautia menziesii Erodium cicutarium*
Storksbill (Geraniaceae) Kupaoa, naenae (Asteraceae)
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Holcus lanatus* Hypochoeris radicata*

Hairy cat's ear (Asteraceae) Yorkshire fog (Poaceae)

Lobularia maritima* Lythrum maritimum*

Sweet alyssum (Brassicaceae) Lythrum (Lythraceae)
APPENDIX E:
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Medicago lupulina* Oenothera stricta subsp. stricta*

Black medick (Fabaceae) Evening primrose (Onagraceae)

Pellaea ternifolia Plantago lanceolata*

Cliff brake, kalamoho (Sinopteridaceae) English plantain (Plantaginaceae)
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Poa pratensis* Styphelia tameiameiae

Kentucky bluegrass (Poaceae) Pukiawe (Epacridaceae)
Tetramolopium humile Trisetum glomeratum
Tetramolopium (Asteraceae) Mountain pili, pili uka (Poaceae)
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Vaccinium reticulatum Vicia sativa subsp. nigra*
Ohelo (Ericaceae) Common or spring vetch (Fabaceae)
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INTRODUCTION

The University of Hawaii (UH) is gathering resource information for their property, the
Institute for Astronomy (IfA) Haleakala High Altitude Observatories (HO), near the
summit of Haleakala as part of a Long Range Development Plan (LRDP).

In broad terms, this LRDP describes the general environmental, cultural, and historical
conditions along with site characteristics that will guide future development. It also
describes the principles that define the scientific programs that UH strive to maintain and
develop at HO, and the potential new facility developments that will keep UH in the
forefront of astronomy into the next decade. In order to describe and to protect this
resource while accommodating the growing need for public scrutiny and partnering in
astronomical planning, the IfA planning process for long-range development takes into
consideration the environmental, cultural, and historic importance of Haleakala.
Described here are the botanical resources.

The project site is TMK 222007008, IfA HO, which is also known as the bulk of
"Science City" to local residents. The 18.166-acre parcel is located largely within the
Kolekole cinder cone, and the property is roughly rectangular in shape. It is mostly
surrounded by State Conservation District lands, with a small adjoining Federal property
on the southwest boundary.

OBJECTIVES - SCOPE

Provide general description of the vegetation.

Note any changes in vegetation over time.

Inventory terrestrial vascular flora.

Identify any vegetation that has federal status, and indicate locations on a map.
Provide recommendations to minimize negative impacts on botanical resources.

arONOE
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SURVEY METHODS

Previous botanical surveys conducted at HO were reviewed prior to conducting the
fieldwork, including the following: U.S. Air Force (1991), Belt Collins & Associates
(1994), Char & Associates (2000), Rocketdyne Technical Services (2002), Starr & Starr
(2002), and Starr & Starr (2005). Only the Starr and Starr 2002 survey covered the entire
HO property, the others were for discrete projects within HO. We also reviewed Bishop
Museum's online herbarium for collections previously made at HO (Bishop Museum
2009). Additional HO information was provided by Mike Mayberry and Charlie Fein.

Two botanists, Forest Starr and Kim Starr, conducted a botanical survey of HO on May 4,
2009 and June 28 - June 30, 2009. Access to the Air Force site is restricted and we were
escorted by Charles Hardy (Boeing) and Patrick Easterling (Air Force) during the initial
survey. They also provided additional notes and maps they had for the silverswords
(Argyroxiphium sandwicense subsp. macrocephalum) located on Maui Space
Surveillance Complex (MSSC). During the second site visit to the Air Force site on June
30, 2009 we were escorted by Charles Hardy (Boeing), Patrick Easterling (Air Force),
Michael Dale (Boeing), and Tom McCall (Boeing). Care was taken during surveys to
avoid disturbing the active petrel burrows and archeological sites. We were limited on
the MSSC site to taking pictures looking down; no shots of plants in relation to buildings
were allowed.

During our initial survey in May, a walk-through survey method was used to record plant
species that were present. During our second survey in June, we gathered more detailed
location information for each species by taking a GPS (global positioning system) point
for each plant noting the species. Where plants were continuous we took a point about
every 1-3 m (3-9 ft). The information gathered is displayed in the maps provided in the
annotated checklist portion of this report.

During this survey we also provided plant identification training and orientation to
personnel that will be taking on non-native species removal efforts.

Species identification was made primarily in the field. Plants that could not be positively
identified in the field were photographed or collected for later determination. Collections
will be accessioned at Bishop Museum, Honolulu, Hawaii. All plants were noted and
their locations recorded using a Garmin eTrex LegendH and Garmin eTrex global
positioning systems. Plant names in the following report generally follow Wagner et al.
(1999) and Palmer (2003).

APPENDIX E: 2
BOTANICAL SURVEY, JULY 2009



DESCRIPTION OF THE VEGETATION

The vegetation type on Puu Kolekole is an Argyroxiphium / Dubautia alpine dry
shrubland. Dry alpine shrublands are typically open communities, occurring at 3,000-
3,400 m (9,842-11,155 ft) elevation, predominantly on barren cinders, with very sparse
vegetation cover (Wagner et al., 1999). HO is located near the summit of Haleakala, at
2,999-3,052 m (9,840-10,012 ft) elevation. Average annual rainfall is 112 cm (44 in),
occurring primarily during the winter months (County of Maui, 1998). Temperatures
occasionally dip below freezing, with average annual temperature at the summit of
Haleakala ranging from 42.6 - 50 degrees F (5.9 - 10 degrees C) (County of Maui 1998),
and once every few years it will snow. The substrate is a mixture of ash, cinders, pumice,
and lava (RTS 2002). The vegetation is sparse, from a near barren <1% cover to about
10% cover. The vegetation is also low, no more than one meter (3 ft) tall anywhere on
the site. During our survey, a total of 44 plant species were observed. Of which 14
(32%) were native and 30 (68%) were non-native.

Example of Argyroxiphium / Dubautia alpine dry shrubland found within nearby Haleakala National Park,
along Sliding Sands Trail (Keoneheehee). Oct. 3, 2005.
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GROUND DISTURBANCE

The relative ground disturbance of an area is generally a good indicator of what sort of
vegetation can be expected in that area. The most significant disturbance at HO is where
a structure or road now exists, followed by areas where large machinery has graded the
original land form. The least disturbed areas appear to have the original land form and
are generally steep and rocky. Technically, those portions of HO that have been reshaped,
graded, or where sediment has been removed are here considered "disturbed" in relation
to the vegetation. However, much of this work is considered effective erosion control.

We and other workers have found the least disturbed portions of HO hold the most native
plants, and the most disturbed portions of HO hold the most non-native plants. One
notable exception is the Haleakala silversword, which currently occurs at HO almost
exclusively in areas heavily modified by construction.

Even with all the activity HO has had in its history, there are still some relatively
undisturbed areas of HO that appear to have the original landform and flora. Protecting
these least disturbed areas, and focusing future construction and activities on areas that
have already had the most disturbance and subsequent change of flora would seemingly
decrease the negative impact on the botanical resources at HO.

Screen capture from 1964 video showing the MSSS site being leveled by a bulldozer before construction.
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LESS DISTURBED AREAS

The southern end of HO is relatively undisturbed compared to the rest of the site, as evidenced by the
mostly native plants, including the native pukiawe shrub (Leptecophylla tameiameiae) which seems to not
return to disturbed areas as quickly as other native plants. May 4, 20009.

Undisturbed areas are comprised of predominantly native plants including shrubs, such as
kupaoa (Dubautia menziesii), pukiawe (Leptecophylla tameiameiae) and ohelo
(Vaccinium reticulatum), herbs, such as tetramolopium (Tetramolopium humile subsp.
haleakalae) and catchfly (Silene struthioloides), and the three native alpine grasses,
bentgrass (Agrostis sandwicensis), hairgrass (Deschampsia nubigena), and mountain pili
(Trisetum glomeratum). Five species of native ferns, iwa iwa (Asplenium adiantum-
nigrum), oalii (Asplenium trichomanes subsp. densum), laukahi (Dryopteris wallichiana),
kalamoho (Pellaea ternifolia), and bracken fern (Pteridium aquilinum subsp.
decompositum) are found tucked into rock crevices and overhangs.
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MORE DISTURBED AREAS

Heavily disturbed areas, such as the Reber Circle, one of the first structures to be built at HO, generally
have more weeds and less native plants than nearby less disturbed areas. Dec. 2, 2005.

Areas of HO where construction has occurred generally support fewer native species and
contain more weeds. Weeds found in these disturbed areas include the non-native herbs
thyme-leaved sandwort (Arenaria serpyllifolia), storksbill (Erodium cicutarium), hairy
cat's ear (Hypochoeris radicata), sweet allysum (Lobularia maritima), common mallow
(Malva neglecta), black medick (Medicago lupulina), evening primrose (Oenothera
stricta subsp. stricta), common plantain (Plantago lanceolata), sheep sorrel (Rumex
acetosella), and common dandelion (Taraxicum officinale). These areas also harbor a
selection of non-native grasses, including rescue grass (Bromus catharticus), Bermuda
grass (Cynodon dactylon), red fescue (Festuca rubra), Yorkshire fog (Holcus lanatus),
annual bluegrass (Poa annua), Kentucky bluegrass (Poa pratensis), brome fescue (Vulpia
bromoides), and rat tail fescue (Vulpia myuros). Interestingly, in these disturbed areas on
HO can also be found the endemic silversword or ahinahina (Argyroxiphium sandwicense
subsp. macrocephalum) which, though it used to be found in undisturbed areas, is
currently found exclusively on areas in HO where heavy disturbance has occurred.
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BUILDINGS AND ROADS

Haleakala silversword thriving in an MSSC "planter" next to a vegetation-free concrete slab. May 4, 2009.

There are large areas of HO covered by buildings, concrete, and asphalt. As could likely
be surmised, no plants grow there. The exception is the cracks in concrete and asphalt,
where some plants are able to get a foothold. Several non-native species, some
previously not recorded before this survey, were found in road and concrete cracks,
including Maui pamakani (Ageratina adenophora), hairy horseweed (Conyza
bonariensis), Kikuyu grass (Pennisetum clandestinum), and pine (Pinus sp.). Also of
note are the cinder "planters™ in the Maui Space Surveillance Complex (MSSC) where
the Haleakala silversword has thrived, increasing from three cultivated silverswords in
1991 to 159 silverswords found in 2009, most of which appeared since 2002.
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CHANGES IN VEGETATION OVER TIME

In general the number of species has increased over time, and it appears the distribution
and abundance of both native and non-native plants has increased. GPS work conducted
during this study will allow for greater resolution detail of future vegetation changes.

The number of native and non-native plant species at HO has increased. In 2002 there
was a total of 32 plant species, 11 were native and 21 were non-native. In 2009 there was
a total of 44 plant species, 12 more than previously, 3 new natives and 9 new non-natives,
for a total of 14 native species and 30 non-native species currently known from HO.

Species previously reported from HO that were not observed in 2009 include
Anthoxanthum odoratum and Senecio sylvaticus. These species may have disappeared,
may have been overlooked, or may persist as seed in the soil.

There were 9 new non-native species recorded in 2009 (Ageratina adenophora, Bromus
diandrus, Conyza bonariensis, Dactylis glomerata, Festuca rubra, Pennisetum
clandestinum, Trifolium repens, Unknown sp., and Vulpia myuros). These species may
be new arrivals, they may have been overlooked in previous studies, or perhaps they were
persisting as seeds in the soil and have recently germinated.

There were 3 new native species recorded in 2009 (Dryopteris wallichiana, Pteridium
aquilinum var. decompositum, Silene struthioloides). These could be new arrivals, but
these inconspicuous natives could have just as easily been overlooked in previous
surveys. There are individual write-ups for each species in the annotated checklist.

Silene struthioloides, a new addition to the native plants known from HO. May 4, 2009.
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DISTRIBUTION OF NATIVES

Despite the sparse looking nature of HO, native plants cover most of the site, except for
recently disturbed ground or permanently surfaced areas. Of the 3754 plant points
collected during this survey, 2949 were for native plants. Most of these points were for
the native bunch grass Deschampsia nubigena and the native shrub Dubautia menziesii.
There are individual maps for each species in the annotated checklist.
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DISTRIBUTION OF NON-NATIVES

Non-native plants are abundant at HO, but are generally restricted to areas of previous
disturbance. Of the 3754 plant points collected during this survey, 805 were for non-
native plants. The area around the Mees Solar Observatory seems to be the weediest
portion of HO. Lobularia maritima is an emerging weed. There are individual maps for
each species in the annotated checklist.
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ENDANGERED, THREATENED, LISTED, OR PROPOSED PLANT SPECIES

Map of 159 Haleakala silversword plants currently found at HO during recent (2009) survey.

Haleakala silverswords (Argyroxiphium sandwicense subsp. macrocephalum) are the
only plant with federal status on the HO property. Haleakala silverswords are federally
listed as "threatened" species, meaning they may become endangered throughout all or a
significant portion of their range if no protection measures are taken. 159 live
silverswords were located at HO. All live plants are located on or near MSSC on land
that has undergone heavy construction activities.

As has been stated in previous botanical surveys (Belt Collins & Associates 1994; Char
& Associates 2000; Starr & Starr 2002), and given what has been witnessed to date, it
appears that if there was to be construction in areas of the property where silverswords
now occur, the silverswords could likely be relocated to another area without adverse
effects. Those performing relocations should consult with Haleakala National Park and
United States Fish and Wildlife personnel before construction to determine where and
how best to relocate the plants.

It should be noted the workers at HO, in particular the MSSC, are very proud of the
silverswords on site and do a great job tracking the plants and making sure they are not
impacted during operations. It is nice to see this iconic plant able to find a home at HO.
There is a detailed write up about the HO silverswords in the annotated checklist.
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WEED CONTROL

Non-native plants such as this Erodium cicutarium appeared more common at HO in 2009 than in 2005.
May 4, 2009.

IfA is known to be a stellar performer when taking into consideration the environmental,
cultural, and historic importance of Haleakala.

With that in mind, it appears there has not been much weed control at HO since our last
botanical survey in 2005. In 2002, when IfA was gathering botanical information for a
Long Range Development Plan, we had high praise for part of HO and wrote "The MSSC
does a good job of controlling weedy species while letting the native species flourish on
their site.” We added "Similar efforts on the rest of the UH property would go a long
way towards protecting the summit flora, and minimizing negative effects on the
botanical resources.” We reiterated the same in 2005 for the ATST project.

For a number of reasons, an increased emphasis in weed control was not able to be
implemented. However, IfA is now making an effort to address the spread of weeds at
HO, and we are hopeful the weed situation will soon be brought under control.

We suggest regular weed control be done on the entire HO property, with the ultimate
goal of no non-native plants.
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NON-NATIVE PLANTINGS

A Japanese tsugi pine (Cryptomeria japonica) planted at HO. This is one of three non-native conifers
removed from HO at the request of the Friends of Haleakala National Park. Dec. 2, 2005.

There have been examples of folks intentionally planting non-native plants at HO in the
past. However, there was no evidence of plantings of non-native plants since the last
survey. This is likely due to IfA's training and orientation for workers at HO.

In 1972 UH did some experimental non-native grass plantings at HO. Belt Collins
(1994) reports "many of the weedy species on the site are recently introduced and
occupy, or have spread from an experimental plot of grasses ... that was planted in 1972.
We recall seeing an aerial image of the HO site from that period that showed the strips of
grass, which could potentially be the original source for some of the non-native grasses
found at HO today.

More recently two unidentified pine species (Pinus sp.) and a Japanese tsugi pine
(Cryptomeria japonica) were found at HO. These non-native conifers were removed at
the request of the Friends of Haleakala National park. There are additional write-ups for
these species in the annotated checklist.
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PLANT OFFERINGS

Ahu on Northwest side of HO with offerings of ti leaf (Cordyline fruticosa). May 4, 2009.

Rock ahu have recently been constructed of on either side of HO. On top of these ahu are
regularly placed offerings of various items, including plants.

From a botanical perspective, these offerings appear to currently have little effect on the
vegetation, as they are mostly sterile ti leaves (Cordyline fruticosa). However, we feel
obligated to mention that offerings containing seeds of plants could have the potential to
introduce species to the site.

It would also be prudent to mention fruits or other items could potentially attract
predators, such as mongooses, that could put nearby Hawaiian Petrels at risk.
Additionally, some plant items could attract small mammals, such as mice, that could
then prey on native insects and arthropods. Having the folks doing the offerings be aware
of this should help protect the environmental resources at HO.
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WEED PREVENTION DURING CONSTRUCTION

As mentioned in previous surveys, accidentally introducing non-native species to the
summit area during construction can disrupt the native ecosystem and have significant
adverse effects to the native biota.

To reduce potential for unwanted introductions, the construction contractor should take
the following measures outlined in Belt Collins (1994).

e Arrange for a qualified biologist or agricultural inspector to check shipments of
new equipment, supplies, and containers holding construction materials before
departure from the Mainland and prior to unloading at Kahului Harbor or Airport.
Specimens of non-native species that are found by these inspections would be
collected and offered to the Bishop Museum for curation; those not wanted by the
Museum would be destroyed. Containers that are too heavily infested to permit
complete cleaning would be returned undelivered.

e Prohibit the construction contractor from bringing fill material into the National
Park. Instead, fill would be limited to material obtained from excavation within
the Science City area, and the contractor would be prohibited from returning
excavated material to the site once it has been taken to lower elevations. The
contractor would also be required to make surplus material available to the
University of Hawai'i for use elsewhere within Science City or to the National
Park Service for reutilization within Haleakala National Park.

e Require the contractor to wash all equipment (to insure removal of all organic
matter and insects) before entering the National Park. Qualified personnel would
inspect the equipment while it is at lower elevations to assure that the cleaning is
thorough. National Park Service personnel would make spot checks of the
equipment at the Park entrance to further insure the adequacy of the cleaning.
Equipment failing the inspections would not be allowed to enter the Park.

e Require the contractor to cooperate with the National Park Service in developing
and implementing a construction worker education program that informs workers
of the damage that can be done by unwanted introductions. Satisfactory
fulfillment of this requirement would be evidenced by successful completion of a
test approved by the National Park Service and administered by the contractor
under the Air Force's supervision. All workers bringing vehicles into Science
City would be required to pass the test before beginning work on the site, as
would all drivers of construction vehicles entering the National Park.

e Prohibit parking of heavy equipment and storage of construction materials on
adjacent cinder areas that would not otherwise be affected by the proposed action,
thus limiting the disturbance to the natural ground surface and minimizing the
potential for the contamination of natural areas.
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e Require the frequent removal of construction trash, particularly materials that
could serve as a food source for small alien mammals (such as mice) that prey on
native insects and arthropods.

WEED PREVENTION DURING OPERATION
Protection of the botanical resources shouldn't end after completion of a structure. The
following guidelines should help minimize negative impacts to the botanical resources

during operation of facilities.

e Regular weed control should be done on the entire HO property, with the ultimate
goal of no non-native plants.

e Future plantings of non-native species should be avoided.

e Workers should be aware the summit area contains valuable botanical resources,
and they should help minimize negative impacts on those resources.

e Workers should clean / brush off their shoes before entering the site, especially if
they are noticeably soiled. This will help prevent seeds and other organisms from
hitching a ride.

e The same general cleanliness should apply to vehicles and equipment; visibly
soiled items should be cleaned before entering HO.
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PLANT CHECKLIST

Below are all the plant species known from HO, based on previous and current botanical
surveys. Only Starr 2002 and Starr 2009 survey the full site.
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Ageratina adenophora R
* | Agrostis sandwicensis O X O X X

Anthoxanthum odoratum R

Arenaria serpyllifolia O X R

Argyroxiphium sandwicense subsp. macrocephalum C/ X/ R X X | X

Asplenium adiantum-nigrum O X R

Asplenium trichomanes subsp. densum RIO X | R

Axonopus sp. R

Bromus catharticus O X R

Bromus diandrus R

Conyza bonariensis R

Cynodon dactylon R R

Cryptomeria japonica X
Dactylis glomerata

* ' Deschampsia nubigena
Dubautia menziesii
Dryopteris wallichiana
Erodium cicutarium
Festuca rubra

* Geranium cuneatumsubsp. tridens X

Coxmonoon =

Holcus lanatus O X O
Hypochoeris radicata C X O X |X|X X
* | Leptecophylla tameiameiae O X O X X
Lobularia maritima C X O
* | Lythrum maritimum X
Malva neglecta R R
Medicago lupulina C X O
Oenothera stricta subsp. stricta O/C| X R
* | Pellaea ternifolia RO X | R
Pennisetum clandestinum R
Pinus sp. R| X R
Plantago lanceolata O/C| X O
Poa annua R R
Poa pratensis cC X O
Polycarpon tetraphyllum R R
* | Pteridium aquilinum var. decompositum R
Rumex acetosella R 0]
Senecio sylvaticus R
Senecio vulgaris X X X
* | Silene struthioloides R
Sonchus oleraceus R R
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Taraxacum officinale o/C o X X X
* Tetramolopium humile subsp. haleakalae C X C X X X X
Trifolium repens R
* | Trisetum glomeratum C X C X X X X
Unknown sp. R
* Vaccinium reticulatum RO X | R X
Vicia sativa R X
Vulpia bromoides O O
Vulpia myuros )
Total 4572533 8 6 12 9

* = Native, X = Present, R = Rare, O = Occasional, C = Common

Starr 2009 - Survey of HO

Starr 2005 - Survey of proposed ATST sites

Starr 2002 - Survey of HO

Rocketdyne Technical Services (RTS) 2002 - Survey of MSSC (Maui Space Surveillance Complex
Char 2000 - Survey of Faulkes site (1.5 acre)

Belt Collins & Associates 1994 - Survey of MSSS

Air Force (AF) 1991 - Suvey of Maui Space Surveillance Site (MSSS)
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ANNOTATED CHECKLIST

The following annotated checklist is designed to capture the history of every plants
species ever recorded from HO, and to provide an identification guide to assist with
management of the botanical resources.

Each plant has the scientific name, common name, plant family, nativity status, an image
(images not always from HO), a history of the plant from previous botanical surveys, the
current status of the species at HO, and a map of GPS locations for species observed
during this botanical survey.

Some of the species included here were not observed in 2009.
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Ageratina adenophora - Maui pamakani - Asteraceae - (Non-native)

This aromatic herb was recorded from HO for the first time
during this survey. We found one small sterile plant in a crack
between the asphalt and concrete near MSSS. It was pulled.
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Agrostis sandwicensis - Bentgrass - Poaceae - (Native: Endemic)

The U.S. Air Force (1991) noted this species as a characteristic
component of the vegetation type, alpine dry shrubland. Belt Collins
& Associates (1994) noted this species as being found within the
study site. Starr & Starr (2002) reported this species as occasional
and typically found within areas that were not disturbed by
construction, such as sites identified as having archeological
significance around the LURE observatory and on the steep slopes on
the southeast part of the property near the Mees Observatory. Starr &
Starr (2005) reported "Endemic. Slender native bunch grass. The
least common of the three native grasses found in the alpine area of Haleakala. Scattered
about both sites. Mees: Occasional. A dozen or so plants scattered amongst the rocks.
Reber: Occasional. A bit more common than at the Mees site, with 33 plants observed."
In 2009 this bunch grass was occasional to common, scattered over the least disturbed
areas of HO.
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Not observed in 2009

Anthoxanthum odoratum - Sweet vernal grass - Poaceae - (Non-native)

Reported in Starr & Starr (2002) as rare and typically found in
disturbed areas where construction has occurred. This slender
bunch grass was not observed in 2009. The species could be
gone, overlooked, or exist in the soil as seed.
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Arenaria serpyllifolia - Thyme-leaved sandwort - Caryophyllaceae - (Non-native)
Reported in Starr & Starr (2002) as rare and typically found in
disturbed areas where construction has occurred. Starr & Starr
(2005) reported "Non-native. Ephemeral herb that seems to come
and go with the rains. Most common near Mees Solar
Observatory. Mees: A few plants in rocks in relatively
undisturbed portion of site. Many more plants along the north wall
of Mees Solar Observatory. Reber: None." In 2009 this delicate
herb was found to be occasional in disturbed areas, especially near
buildings.
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Argyroxiphium sandwicense subsp. macrocephalum - Ahinahina, silversword -
Asteraceae - (Native: Endemic)

The iconic Haleakala silversword is the only plant species at HO that
has any Federal status, it is currently listed as Threatened by the
United States Fish and Wildlife Service.

The U.S. Air Force (1991) noted this species as a characteristic
component of the vegetation type, alpine dry shrubland. In their
survey, they did not recognize this plant to subspecies level and noted
that, "A. sandwicense is found only on Haleakala on Maui and on
Mauna Kea on the island of Hawaii growing in elevations between
2125 and 3750 m (7000 and 12,300 ft). It favors the rocks in dry, porous soil or volcanic
cinders (Wagner et al. 1990)". In addition, they note the following. "Three native but
cultivated Ahinahina have been successfully transplanted near the facilities. A fourth
ahinahina is growing between the LURE facility and Kolekole Hill."

Belt Collins & Associates (1994) reported "Three ahinahina have been successfully
transplanted to locations within the MSSS complex, and a fourth ahinahina is growing
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near the LURE facility. The oldest ahinahina within the MSSS complex flourished until
it bloomed, then died, a natural part of its life cycle. The remaining plants continue to do
well."

Char & Associates (2000) reported "Plants of the endangered silversword
(Argyroxiphium sandwicense subsp. macrocephalum) were found in the earlier studies
for the Maui Space Surveillance Site expansion (U.S. Air Force 1991) and the AEOS
Telescope site (Belt Collins & Associates 1994). No silversword plants were found on
the proposed Faulkes Telescope site during this study."

RTS (2002) noted "The native (or endemic) silversword, which is listed as a threatened
species, is found on land adjacent to the MSSC (Maui Space Surveillance Complex) and
has been known to occur on the site in the past. Currently, several juvenile silverswords
grow within the site boundaries."

Starr & Starr (2002) found the silversword to be rare at HO, and reported "Areas of the
UH property where construction has occurred generally support fewer native species and
contain more weeds. One notable exception is the endemic silversword or ahinahina
which is found exclusively on areas where construction has occurred." They add further,
"Nine live silverswords and three dead silversword flower stalks were located on the UH
property. All of the live plants are on the MSSC. Despite being quite large, up to 50 cm
(20 in) in diameter, these nine live silverswords apparently are all less than five years old
and have grown since construction of the Advanced Electro-Optical System (AEQOS)
facility (Steve Shimko pers. comm.). They are located in landscaped areas, alongside
retaining walls, on a steep slope just below the parking area, and in the MSSC leach field.
There are also three dead silversword flowers stalks on the UH property. National Park
Service personnel placed two of the stalks near the MSSC leach field. The other dead
silversword flower stalk is located near the LURE Observatory and was alive in 1991
(Department of Air Force 1991)."

Starr & Starr (2005) reported "Endemic. Distinctive silver rosette plant found only on
East Maui. The silverswords at HO are some of the only known silverswords in the wild
beyond the Haleakala National Park boundary. One dead plant was found near the Reber
site. Mees: None. Reber: One dead plant observed near the site. The area around the
silversword plant was searched for seeds, but none were found." They add, "The lone
silversword is located on the Reber site, east of the Reber Circle, near an existing small
building. The silversword appeared to have been dead for many years, and to have gone
to flower before dying. The dead silversword flowering stalk skeleton was not observed,
and it is not known where it went. The area around the silversword plant was searched
for seeds, but none was found."”

In 2009 we were pleasantly surprised to find silverswords were now locally common
within the Air Force site at HO, with 159 silverswords counted. The silverswords were
generally in the same places as in 2002, but in much greater abundance. At first we were
gathering a GPS point for each silversword plant encountered until we came to the large
patch of silverswords between the two GEODSS domes. There were so many in this
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small area (118) that we switched to taking single GPS points for a discrete area and
counting silverswords in that area. Most of the silversword plants were less than 20 cm,
but there were some 40+ cm plants. It appears the silverswords growing in this heavily
modified situation grow much quicker than in natural environments. For example, one of
the largest plants (40+ cm) is apparently only five years old. We have never witnessed a
silversword grow that fast in the wild. This same accelerated growth also occurs within
Haleakala National Park planters. This rapid growth and subsequent shortened life span
of cultivated silverswords has been attributed to added moisture and runoff near
buildings, a disturbed substrate, and protection from harsh climatic conditions (e.g.
wind). Apparently there was a Propylene Glycol spill in February 2008 that entered the
areas where the silverswords are. Folks familiar with the spill said the silverswords were
unaffected, others jested that perhaps the Propylene Glycol made the silversword do so
well at MSSC. Sarah Loney is currently maintaining a detailed history of individual
silverswords on the MSSC site. This MSSC Silversword Log goes back to 1998 and
chronicles the rapid increase and occasional odd demise of silverswords over the past ten
years.
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Asplenium adiantum-nigrum - lwaiwa - Aspleniaceae - (Native: Indigenous)

Starr & Starr (2002) reported this species as rare and typically
found within areas that were not disturbed by construction and
found tucked into rock crevices and overhangs. Starr & Starr
(2005) reported "Indigenous. Leathery fern with black stipe
found scattered about both sites, especially in rock crevices.
Mees: Occasional. A half dozen clumps found in rock
crevices. Reber: Occasional. Eight clumps found in rock
crevices." In 2009 found to be occasional to common, tucked into rock crevices,
especially near steep undisturbed areas.
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Asplenium trichomanes subsp. densum - Maidenhair spleenwort - Aspleniaceae -
(Native: Endemic)

Starr & Starr (2002) reported this species as rare and typically found
within areas that were not disturbed by construction and found tucked
into rock crevices and overhangs. Starr & Starr (2005) reported
"Indigenous. Diminutive fern with small leaves found tucked in rock
crevices. Mees: Occasional to rare. Three clumps found tucked in
rock crevices, in northwest portion of site. Reber: Rare. One clump
found.” In 2009 found to be occasional, tucked into rocks in areas
with minimal disturbance.
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Axonopus sp. - Carpet grass - Poaceae - (Non-native)

First found in 2009 as rare. One small sterile patch of what appeared
to be this grass was found in a road crack in the Mees parking lot
area. This would be the first record of this species at HO. Fertile
material would help provide a more definitive ID.
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Bromus catharticus - Rescue grass - Poaceae - (Non-native)

Collected from Science City in 1982 by K.M. Nagata (#2580, BISH
453791). Reported in Starr & Starr (2002) as rare and typically found in
disturbed areas where construction has occurred. Starr & Starr (2005)
reported "Non-native. Hardy grass with large seed heads. Scattered
individuals found around HO, but most common and vigorous in the
water retention basin. Mees: None. Reber: None. Basin: A few dozen
vigorous plants found in the retention basin, especially on the northwest
side.” In 2009 found to be rare to occasional, near buildings and in the
water retention area.
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Bromus diandrus - Ripgut grass - Poaceae - (Non-native)

One small patch of about 12 seeding plants was found among the rocks
and cinder just west of the Pan Star buildings on the south side of a
rock wall surrounding a weather station. The plants were pulled and
bagged but were fertile and will likely produce seedlings. Collected to
confirm the identity and document a high elevation record (Starr &
Starr 090628-02).
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Conyza bonariensis - Hairy horseweed - Asteraceae - (Non-native)

First found at HO in 2009 as rare. A few sterile plants were observed
growing in a road crack near the LURE complex. One plant was also
observed near the AEOS mirror coating facility.
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Not observed in 2009

Cryptomeria japonica - Japanese tsugi pine - Taxodiaceae - (Non-native)

Starr & Starr (2005) reported "Non-native. One lone tree. Thisisa
new addition to plants known from Haleakala Observatories, and the
only live "tree" found during a prior survey. Mees: None. Reber:
Rare. One tree near former LURE facility. It was about a meter tall,
was alive, but not exceptionally vigorous. It appeared to be planted. In
following with the Friends of Haleakala request it was removed.” Tsugi
pine was not observed at HO in 2009.
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Cynodon dactylon - Bermuda grass - Poaceae - (Non-native)

Reported in Starr & Starr (2002) as rare and typically found in
disturbed areas where construction has occurred. In 2009 found to
still be rare, with one small patch near the Mees Solar Observatory
building. It is not known how this grass got to the summit area, but
there is a chance it could be a remnant of the 1972 experimental grass

plantings.
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Dactylis glomerata - Cocksfoot - Poaceae - (Non-native)

First found at HO in 2009 as rare. One small seeding plant was
observed on the west side of the Mees Solar Observatory, between the
building and a trailer. Collected do document a high elevation record
for the species in Hawaii (Starr & Starr 090628-01).
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Deschampsia nubigena - Hairgrass - Poaceae - (Native: Endemic)

Noted as one of the native species found within the MSSS
complex by the U.S. Air Force (1991). Belt Collins &
Associates (1994) noted this species as being found within the
study site. Char & Associates (2000) noted that scattered
clumps of hairgrass were one of the primary species making up
the sparse plant cover on the Faulkes site. Char & Associates
(2000) adds further, "Deschampsia, an endemic, perennial grass
which forms rounded tufts, 6 to 12 inches tall with flowering stalks 1 to 2 feet tall. It is
the most commonly encountered grass species at this elevation.” RTS (2002) noted that
hairgrass was one of the sparse representative native grass species present within the
MSSC. Starr & Starr (2002) reported this species as common and typically found within
areas that were not disturbed by construction. Starr & Starr (2005) reported "Endemic.
Feathery bunch grass. The most common of the three native alpine grasses. Mees:
Common. This is the most common grass on the site. It covers most of the site,
especially tucked under rocks; 470 clumps were found scattered here and there. Reber:
Common. This is the most common grass on the site; 213 clumps were observed
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scattered about.” In 2009 found to be the most common grass at HO, with clumps found
over most of the property, even in disturbed areas.
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Dubautia menziesii - Kupaoa - Asteraceae - (Native: Endemic)

The U.S. Air Force (1991) noted this species as a characteristic
component of the vegetation type, alpine dry shrubland. Belt Collins
& Associates (1994) noted this species as being found within the
study site. Char & Associates (2000) noted this species as one of the
primary low shrubs, 1 to 3 feet tall, making up the sparse plant cover
on the site. Char & Associates (2000) adds further, "The kupaoa, an
endemic member of the daisy family (Asteraceae), has stiff, upright,
branches and stiff leaves arranged in whorls around the branches;
yellowish orange, daisy-like flowers are arranged in compact clusters.
The kupaoa is a common species on the upper slopes of Haleakala and within the crater
(Wagner et al. 1990)." Kupaoa was noted being more numerous on the small pu'u located
nearby which offered a few protected pockets and overhangs. RTS (2002) noted that
kupaoa was one of the sparse representative native species present within the MSSC.
Starr & Starr (2002) reported this species as common and typically found within areas
that were not disturbed by construction. Starr & Starr (2005) reported "Endemic. A
relative of the silversword, and known only from East Maui, this hardy native shrub can
be found over most of HO, even in the most urbanized sections. The wind dispersed
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seeds of this shrub presumably help it re-colonize disturbed areas. In many cases this
plant was observed growing through cracks in asphalt, and on the margins of concrete.
Mees: Common. The most common shrub on the site; 160 plants were observed. Reber:
Common. The most common shrub on the site; 209 plants were observed.” In 2009 this
shrub was the most common shrub at HO, found over much of the site, including
disturbed areas.
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Dryopteris wallichiana - Laukahi - Dryopteridaceae- (Native: Indigenous)
Found for the first time at HO during this survey. It was rare,

with one small plant found on the northeast side of the Mees
Solar Observatory among large lava boulders.
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Erodium cicutarium - Alfilaria, pin clover, storksbill - Geraniaceae - (Non-native)

Reported in Starr & Starr (2002) as occasional and typically found in
disturbed areas where construction has occurred. Starr & Starr (2005)
reported "Non-native. Ephemeral herb that is established near
structures. Mees: Occasional. 22 plants and many more small
seedlings were found near the existing Mees Solar Observatory building
and parking lots. Reber: Occasional. One plant and numerous
seedlings at base of walls of Atmospheric Airglow Facility.” In 2009
this colorful herb was common, found in patches near buildings. This
species seems to have spread since the last survey.
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Festuca rubra - Red fescue - Poaceae - (Non-native)

Recorded for the first time during this survey, where it was found to be
occasional, scattered over the site. This non-native bunch grass is often
sterile and we were lucky enough to find some fertile material to help us
with the ID. Since this is the first record of this non-native species on the
site, one may think it was recently introduced. However, given the similar
vegetative growth form to the native Deschampsia grass, the often sterile
state, and the pattern of distribution on the site, it is perhaps more likely this
species was overlooked in previous surveys. A collection was made to
confirm the identity, to document the presence of this species at HO, and to
document a new elevation record for this species (Starr 090504-01 BISH).
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Not observed in 2009

Geranium cuneatum subsp. tridens - Hinahina - Geraniaceae - (Native: Endemic)
Belt Collins & Associates (1994) noted this charismatic species
as being found within the study site. Not observed in any
survey since, though in 2002 we did see an individual further
down the west slope, off HO property. It is not known if this
individual on the western slope is the one mentioned in 1994, if
the plant used to exist at HO and no longer does, or if it is
hidden somewhere in the jumble of boulders.
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Holcus lanatus - Yorkshire fog - Poaceae - (Non-native)

Reported in Starr & Starr (2002) as occasional and typically found in
disturbed areas where construction has occurred. Starr & Starr (2005)
reported "Non-native. Invasive grass that is established at HO, but is
currently only known from a couple lone plants and one localized
patch. This is one of the non-native species that would be good to
remove before it becomes further established at HO and begins to
spread to adjacent parklands. Mees: None. Reber: Occasional to
rare. One patch of dozens of plants found half way up hill with small
asphalt foot path. A couple small plants were found scattered on the
same hill." In 2009 this invasive grass was still found to be occasional, with a few
localized patches on the same hill between the Zodiacal Observatory and the Airglow
Facility and some patches around the Mees Solar Observatory. It would be good to
remove the existing clumps of this invasive grass before it spreads to other areas of the
site and nearby lands.
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Hypochoeris radicata - Hairy cat's ear - Poaceae - (Non-native)

Noted by the U.S. Air Force (1991) as one of the naturalized
exotic species occurring in locations that receive moisture from
runoff or from anthropogenic sources (e.g., at the discharge
pipes from MSSS humidifiers) and have some protection from
the harsh physical environment (e.g., near building foundations
and the parking lot). Belt Collins & Associates (1994) noted
this species as being found in disturbed areas (e.g. near
buildings) within their study site. Char & Associates (2000) reported that other plants
were found on the flat area occurring in smaller numbers, with a few hairy cat's ear, a
weedy herb native to Eurasia, found scattered here and there. Char & Associates (2000)
noted that hairy cat's ear was also found on a small pu'u located nearby that offered a few
protected pockets and overhangs where plants were more numerous. RTS (2002) noted
this species as one of the non-native species found within the MSSC, mostly around and
near buildings where they receive more moisture and greater protection from the harsh
environment. Reported in Starr & Starr (2002) as occasional and typically found in
disturbed areas where construction has occurred. Starr & Starr (2005) reported "Non-
native. Cosmopolitan tap-rooted herb that is found virtually everywhere in small
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numbers. Mees: Occasional to rare. Three small patches observed. Reber: Occasional.
17 plants observed." In 2009 this cosmopolitan herb was common over much of HO.
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Leptecophylla tameiameiae - Pukiawe - Ericaceae - (Native: Indigenous)

Not noted in the U.S. Air Force 1991 survey. Belt Collins &
Associates (1994) noted this species as being found within the
study site. Char & Associates (2000) noted one small bush of
pukiawe, about a foot tall, found among some boulders on the
flat, cinder covered area. It was also noted by Char &
Associates (2000) as more common on a small pu'u nearby that
offered a few protected pockets and overhangs. Starr & Starr
(2002) reported this species as occasional and typically found within areas that were not
disturbed by construction. Starr & Starr (2005) reported "Indigenous. Hardy native
shrub that appears to not do as well in heavily disturbed areas. A fair amount at the Mees
site, but none found at the Reber site. Mees: Occasional. 38 plants found scattered
across site, mostly in undisturbed portions. Reber: None. The lack of pukiawe is likely
a result of the disturbed condition of the site.” In 2009 this native shrub was still found to
be occasional, continuing to be more common on the southeast part of the site and in
areas with the least amount of disturbance.
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Lobularia maritima - Sweet alyssum - Brassicaceae - (Non-native)

Reported in Starr & Starr (2002) as occasional and typically found
in disturbed areas where construction has occurred. Starr & Starr
(2005) reported "Non-native. One of the more aggressive species on
Puu Kolekole right now. It has spread in distribution since we last
surveyed the site, especially near the water retention basin and
behind the building near the Department of Energy site. This is
another invasive plant species that would be good to keep in check
in order to minimize negative impacts on the native botanical
resources of HO and nearby areas. Mees: None. Reber: None.
Basin: Occasional. A few plants scattered about the southwest rim of the basin.”" In
2009 this spindly herb was now common over most of site. It appeared little to no
control work had been done on the species and this prolific herb continued to spread.
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Not observed in 2009

Lythrum maritimum - Lythrum - Lythraceae - (Native: Questionably Indigenous)
Starr & Starr (2005) recorded this plant on HO for the first time and

reported "Questionably indigenous. A slender shrub of questionable
nativity. A new addition to the plants known from "Science City".
Prefers moist sites. Mees: None. Reber: Rare. One plant found
along small path that leads up the rock hill to the Atmospheric
Airglow facility." Not observed in 2009. The single plant may be
gone or may have been overlooked.
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Malva neglecta - Common mallow - Malvaceae - (Non-native)

Reported in Starr & Starr (2002) as rare and typically found in
disturbed areas where construction has occurred. In 2009 this
incipient herb was found to be rare with one patch observed by the
Airglow Facility. This plant is known from very few places on
Maui. A specimen was collected to confirm the identity, to
document the presence of this species at HO, and to document a high
elevation record for this species (Starr 090504-07 BISH).
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Medicago lupulina - Black medic - Fabaceae - (Non-native)

Reported in Starr & Starr (2002) as occasional and typically found in
disturbed areas where construction has occurred. Starr & Starr (2005)
reported "Non-native. Mat forming herb with trifoliate leaves and
yellow flowers. Mees: Occasional to common. Well established
near existing buildings and parking lot at Mees Solar Observatory.
Large patches were forming mats in the gravel parking lot, cracks in
the paved parking lot, and near the building. Reber: None." In 2009
this prostrate legume was still common, with a few large patches on
site, especially near the Mees Solar Observatory.
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Oenothera stricta subsp. stricta - Evening primrose - Onagraceae - (Non-native)
Reported in Starr & Starr (2002) as rare and typically found in
disturbed areas where construction has occurred. Starr & Starr (2005)
reported "Non-native. Colorful yellow flowered plant that can be
quite invasive. Mees: Occasional to common. Found near roads and
buildings. A patch of 100+ seedlings and small plants was found near
the existing cistern near the Mess Solar Observatory. Reber:
Occasional. A half-dozen or so plants scattered over site." In 2009
this colorful plant was found to be occasional to common over much
of the southern portion of the site, especially between the Mees Solar
Observatory and the Lure Complex. This colorful plant has the ability to cover much of
the disturbed ground at HO.
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Pellaea ternifolia - Kalamoho - Pteridaceae - (Native: Indigenous)

Starr & Starr (2002) reported this species as rare and typically found
within areas that were not disturbed by construction and found tucked
into rock crevices and overhangs. Starr & Starr (2005) reported
"Indigenous. Three leaved fern found in small numbers in rock
cracks. Mees: Rare. One patch seen. Reber: Occasional to rare.
Three patches observed on a small south-facing cliff on the southern
part of the property.” In 2009 this diminutive fern was rare to
occasional, tucked under rocks near steep areas on southeast edge of
HO.
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Pennisetum clandestinum - Kikuyu grass - Poaceae - (Non-native)

First recorded at HO during this survey, where it was found to
be rare. A single small plant was found in a crack in the road at
the Mees Solar Observatory parking area. The plant was sterile.
This grass could have recently arrived at the site or could have
been overlooked in previous surveys.

APPENDIX E: 54
BOTANICAL SURVEY, JULY 2009



Pinus sp. - Pine - Pinaceae - (Non-native)

Reported in Starr & Starr (2002) as rare. The only trees found at the
site, two pine trees were located between a weather station tower and
the Mees Observatory. They were about 20 cm tall and looked more
like a small multi-branched shrub than a tree. They report, "This is
the first record of pines on the summit area of Haleakala. It is not
known if the trees were planted, arrived as contaminants in soil, or
blew in on the wind. Though small, they appeared to be many years
old." Starr & Starr (2005) reported "Non-native. Two pines were
previously known from the Mees site. They have since been removed
at the request of the Friends of Haleakala National Park (KC Environmental 2005). The
skeleton of one of those pines was found. Mees: One dead individual found stuffed in
rocks. Reber: None." In 2009 a small seedling was found in a road crack just west of
the retention basin. The leaves were in bundles of three and it had a piney smell, though
we were unable to determine exactly which species it was. This plant was most likely not
planted in the middle of the road, and appeared to be a new arrival as it was relatively
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young (only a few inches tall). It likely either blew in on the wind from nearby wild pine
trees or arrived as a contaminant.
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Plantago lanceolata - Narrow-leaved plantain - Plantaginaceae - (Non-native)

Reported in Starr & Starr (2002) as occasional and typically found in
disturbed areas where construction has occurred. Starr & Starr (2005)
reported "Non-native. A cosmopolitan weed that is currently a target
for control by the Friends of Haleakala National Park near Kapalaoa
Cabin. Mees: Occasional. 15 plants observed, mostly near the
cistern. Reber: None." In 2009 this cosmopolitan herb was found to
be occasional to common, scattered over much of disturbed areas of
the site, especially near the Mees Solar Observatory.
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Poa annua - Annual bluegrass - Poaceae - (Non-native)

Reported in Starr & Starr (2002) as rare and typically found in
disturbed areas where construction has occurred. In 2009 this
diminutive grass was rare, with a few clumps observed in the
developed areas of the site, though only one clump was
relocated during the GPS portion of the survey. A collection
was made to confirm the identity, to document the presence of
this species at HO, and to document the high elevation record

for this species (Starr 090504-03 BISH).
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Poa pratensis - Kentucky bluegrass - Poaceae - (Non-native)

Collected from Science City in 1982 by K.M. Nagata (#2579, BISH
453792). Reported in Starr & Starr (2002) as occasional and typically
found in disturbed areas where construction has occurred. Starr & Starr
(2005) reported "Non-native. Hardy grass that forms small patches by root
suckering. The blades of this grass are often very short in the open, and
much longer in the protected areas near buildings. Mees: Occasional. A
half-dozen patches found, especially near the Mees Solar Observatory and
cistern. Reber: Occasional. A dozen patches found, especially near the
base of walls at the Atmospheric Airglow Facility.” In 2009 this
stoloniferous grass was common at HO with many patches found over the site. A
collection was made to confirm the identity, to document the presence of this species at
HO, and to document the high elevation record for this species (Starr 090504-02 BISH).
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Polycarpon tetraphyllum - Polycarpon - Caryophyllaceae - (Non-native)

Reported in Starr & Starr (2002) as rare and typically found in
disturbed areas where construction has occurred. In 2009 this
diminutive herb was still found to be rare, mostly occurring near
MSSS, within the cinder filled concrete landscaped areas.
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Pteridium aquilinum var. decompositum - Bracken fern - Hypolepidaceae- (Native:
Endemic)

First recorded at HO during this survey and found to be rare.
One small plant found on the west side of the Faulkes telescope
building at the edge of the concrete. This seasonal fern could
have recently arrived at the site, or could have been dormant or
overlooked in previous surveys. Large stands of this fern exist
on the cinder slopes south of HO.
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Rumex acetosella - Sheep sorrel - Polygonaceae - (Non-native)

Reported in Starr & Starr (2002) as occasional and typically found in
disturbed areas where construction has occurred. In 2009 this tangy
herb was found to be rare, with only a few patches observed, by Mees
Solar Observatory and MSSS.
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Not observed in 2009

Senecio sylvaticus - Common groundsel - Asteraceae - (Non-native)

Reported in Starr & Starr (2002) as rare and typically found in
disturbed areas where construction has occurred. Not observed
during the 2009 survey. These weedy Asteraceae tend to come and
go. The species could be gone, overlooked, or present as seed in the

soil.
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Not observed in 2009

Senecio vulgaris - Common groundsel - Asteraceae - (Non-native)

Noted by the U.S. Air Force (1991) as one of the naturalized
exotic species occurring in locations that receive moisture from
runoff or from anthropogenic sources (e.g., at the discharge
pipes from MSSS humidifiers) and have some protection from
the harsh physical environment (e.g., near building foundations
and the parking lot). Belt Collins & Associates (1994) noted
this species as being found in disturbed areas (e.g. near
buildings) within the study site. They add further, "All are recently introduced weedy
species. Many of these plants occupy, or have spread from an experimental plot of
grasses located approximately 20 meters (65 feet) southeast of the MSSS complex that
was planted in 1972." RTS (2002) noted this species as one of the non-native species
found within the MSSC, mostly around and near buildings where they receive more
moisture and greater protection from the harsh environment. Not observed during the
2009 survey. This species is similar to S. sylvaticus in its ephemeral nature.
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Silene struthioloides - Catchfly - Caryophyllaceae - (Native: Endemic)

First recorded at HO during this survey, where it was found to be
rare, with one plant observed by the Mees Solar Observatory.
Though this native plant could have recently arrived on site, the
inconspicuous shrub looks somewhat old and was likely overlooked
in previous surveys.
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Sonchus oleraceus - Sow thistle - Asteraceae - (Non-native)

Reported in Starr & Starr (2002) as rare and typically found in
disturbed areas where construction has occurred. At the time it was
sterile and was called Sonchus sp. In 2009, a couple small plants
were observed, one east of Mees, and another near the AEOS Mirror

Coating Facility.
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Taraxacum officinale - Common dandelion - Asteraceae - (Non-native)

Noted by the U.S. Air Force (1991) as one of the naturalized exotic
species occurring in locations that receive moisture from runoff or
from anthropogenic sources (e.g., at the discharge pipes from MSSS
humidifiers) and have some protection from the harsh physical
environment (e.g., near building foundations and the parking lot).
Belt Collins & Associates (1994) noted this species as being found in
disturbed areas (e.g. near buildings) within the study site. They add
further, "All are recently introduced weedy species. Many of these
plants occupy, or have spread from an experimental plot of grasses
located approximately 20 meters (65 feet) southeast of the MSSS complex that was
planted in 1972." RTS (2002) noted this species as one of the non-native species found
within the MSSC, mostly around and near buildings where they receive more moisture
and greater protection from the harsh environment. Reported in Starr & Starr (2002) as
occasional and typically found in disturbed areas where construction has occurred. In
2009 this cosmopolitan herb was found to be occasional to common over most of the site,
especially disturbed areas and around MSSS. In previous surveys someone on the Air
Force property use to control the dandelions that would pop up, scarcely a leaf could be
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found on that part of HO. However, that person must have left as MSSC now holds the
bulk of the dandelions on HO, with the highest concentration in the silversword planters.
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Tetramolopium humile subsp. haleakalae - Tetramolopium - Asteraceae - (Native:
Endemic)

Noted as one of the native species found within the MSSS
complex by the U.S. Air Force (1991). Belt Collins &
Associates (1994) noted this species as being found within the
study site. Char & Associates (2000) noted a few small
tussocks of Tetramolopium were found near the access road.
Char & Associates (2000) adds further, "Tetramolopium, an
endemic member of the daisy family...is a rounded, dwarf
shrub, 3 to 10 inches tall, with leaves covered with white hairs and clusters of white
flowers." Char & Associates (2000) noted that Tetramolopium was also found on a small
pu'u located nearby that offered a few protected pockets and overhangs where plants were
more numerous. RTS (2002) noted that Tetramolopium was one of the common native
herbs present within the MSSC. Starr & Starr (2002) reported this species as common
and typically found within areas that were not disturbed by construction. Starr & Starr
(2005) reported "Endemic. Succulent native herb that prefers cracks in rocks, and can
seemingly cope with limited levels of disturbance. Mees: Occasional. A dozen plants
scattered across site. Some growing in cracks in asphalt parking lot. Reber: Occasional.
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15 plants observed." In 2009 this endemic daisy was found to be common, and continued
to eek out an existence at HO, tucking under rocks and even asphalt cracks.
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Trifolium repens - White clover - Fabaceae - (Non-native)

Recorded from HO for the first time in 2009, where this cosmopolitan
legume was found to be rare, with only a couple small patches by the
Mees Solar Observatory. It is not known if the species was
overlooked in previous surveys, as the similar leaved Medicago is
abundant nearby. Perhaps if the clover was not in flower it would
have been easily missed. Alternatively, it could be a new
introduction. There is virtually no weed control currently occurring
at HO, so any plant that did hitchhike on a worker or their gear would
be able to grow at HO unchecked.
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Trisetum glomeratum - Pili uka - Poaceae - (Native: Endemic)

Found within the MSSS complex by the Air Force in the 1991 survey.
Belt Collins & Associates (1994) noted this species as being found
within the study site. A few clumps of pili uka were noted by Char &
Associates (2000) near the base of a small pu'u. Char & Associates
(2000) added further, "An endemic, perennial grass; the robust tufts
are 6 to 12 inches tall with spike-like flowering stalks.” Pili uka was
noted as more numerous by Char & Associates (2000) on the small
pu'u which offered a few protected pockets and overhangs. RTS
(2002) noted that pili uka was one of the sparse representative native
grass species present within the MSSC. Starr & Starr (2002) reported this species as
common and typically found within areas that were not disturbed by construction. Starr
& Starr (2005) reported "Endemic. Tussock forming grass. The 2nd most common
native grass of the alpine area. Mees: Occasional. 119 plants observed on site. Reber:
Occasional. 56 plants observed on site.” In 2009 this endemic bunch grass was found to
be common, with many clumps scattered across HO, especially on the east and north
margins.
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Unknown sp. - Unknown plant - Unknown - (Non-native?)

A single sterile plant that doesn't match any other species previously
record from HO was found in 2009 in the gravel area near the Lure
Complex. We could not identify the sterile plant. Returning when
there is fertile material will help determine the identity of this lone
plant.
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Vaccinium reticulatum - Ohelo - Ericaceae - (Native: Endemic)

Belt Collins & Associates (1994) noted this species as being
found within the study site. Starr & Starr (2002) reported this
species as rare and typically found within areas that were not
disturbed by construction. Starr & Starr (2005) reported
"Endemic. Fruit bearing native shrub that appears to be
confined to areas that have not seen heavy disturbance in the
past. Mees: Occasional. A half dozen plants were observed on
the site, in relatively undisturbed areas. Reber: None. The lack of ohelo at this site
likely attests to the disturbed condition of the site.” In 2009 this tasty native shrub was
found to be rare to occasional, with a few clumps of shrubs found on HO, mostly
restricted to the southeast side of the site in areas that had not been as heavily disturbed.
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Vicia sativa - Vetch - Fabaceae - (Non-native)

Starr & Starr (2005) reported "Non-native. Twining vine with
purple flowers and twisted pods. This is a new addition to
plants known from "Science City". This species is currently
found in very limited distribution. Mees: Rare. A few plants
found near north facing wall of Mees Solar Observatory,
presumably it's point of introduction. The plants were pulled
and bagged, but it had already gone to seed, so follow up will
likely be necessary. Reber: None." In 2009 this purple flowered vine was once again
found to be rare, with one small plant by the Mees Solar Observatory. The lone plant,
which was pulled, had flowered but not yet set seed. This species likely persists in the
soil as seed. A collection was made to remove the only known plant, to confirm the
identity, to document the presence of this species at HO, and to document a new high
elevation record for this species (Starr 090504-06 BISH).
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Vulpia bromoides - Brome fescue - Poaceae - (Non-native)

Reported in Starr & Starr (2002) as occasional and typically
found in disturbed areas where construction has occurred. In
2009 this wispy grass was found to be occasional, in scattered
patches over the disturbed sections of HO. A collection was
made to confirm the identity, to document the presence of this
species at HO, and to document the high elevation record for
this species (Starr 090504-05 BISH).

Vulpia myuros - Rat tail fescue - Poaceae - (Non-native)

Recorded at HO for the first time during this survey, where it was
found to be occasional, occurring in scattered patches on disturbed
ground. This wispy grass could be a new introduction, or could have
just as likely been overlooked in previous surveys due to its
ephemeral, often sterile nature, and the fact that it looks virtually
identical to V. bromoides. It was microscope work confirming IDs
during this survey that helped determine both V. bromoides and V.
myuros currently occur at HO. A collection was made to confirm the
identity, to document the presence of this species at HO, and to
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document a new high elevation record for this species (Starr 090504-04 BISH).
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E Malama Mau Ka La‘a
Preserve the Sacredness

ABSTRACT

This study is in accordance with the Office of Environmental Quality Control, which
describes resources having Hawaiian Cultural Value. It will describe potential impacts
from further development, along with measures that could possibly be employed to
mitigate those impacts. The study will evaluate the cultural significance of historic and
prehistoric resources identified during an archaeological survey, and assist in the
development of a general preservation plan for those resources. It will also address the
requirements of the Office of Hawaiian Affairs, in regards to cultural impacts. Specifically,
the document will address potential effects on the Hawaiian Cultural and Traditional
Customary Rights, as described in the legislation known as Act 50, Sessions Laws of
Hawaii, 2002, and meet the requirements of the HRS Chapter 343, which also requires an
environmental assessment of cultural resources, in determining the significance of a
proposed project. In addition, Articles IX and Xl of the State Constitution, other state laws,
and the courts of the state, require government agencies to promote and preserve cultural
beliefs, practices, and resources of Native Hawaiians and other ethnic groups.

A Hawaiian cultural resource evaluation revealed that Haleakala, home of the sun, is
considered one of the most sacred sites on Maui to Kanaka Maoli,?, or Hawaiian native
person, for many reasons but mainly that it is Wao akua®, or “where the gods live”.

In ancient times, the Kanaka Maoli depended on the rising and setting of the sun. They
believed that going into the crater at night was disrespectful to the gods that dwelled there
and disturbing to the sun. There are many stories about Haleakala. One famous story is
about the demigod Maui, lassoing the sun to slow it down so his mother could dry her
tapa cloth. We learned from early childhood, that Pele, the volcano goddess, created the
crater here on Maui. In her travels throughout the Pacific islands, she created land and
finally found her home on the island of Hawai‘i at Kilauea Caldera.*

New gods and different Christianity philosophies were brought to Hawai’i to instill the
Kanaka Maoli. They could not understand how their ancient gods, who helped them live
on these islands for more than a thousand years, did not come to their rescue and punish
the people who ignored their spiritual laws. The Hawaiian people lost faith in their

2 Kanaka Maali, full blooded Hawaiian person, today used to refer to Hawaiian Native
erson

£ Wao Akua where the gods reside

4 Kilauea Caldera located on the Island of Hawai'i at Kilauea Crater
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ancient gods, and were “forced” to embrace the Christian gods by their Queen
Ka‘ahumanu, who converted into the Christian faith.

As new people moved into Hawai‘i, the Kanaka Maoli lifestyle, culture, religion, respect
for the ‘aina, or land, and the association to the gods, were bypassed and eventually
forgotten.

As Hawai‘i’s population grew and the Kanaka Maoli became minorities in their own land,
a resurgence of the Hawaiian culture occurred in the late 60’s and early 70’s. Kanaka
Maoli started to realize the importance of perpetuation of their culture and that in essence
was the most important factor to restore their self-esteem and that of their children. The
language, land issues, and identity became very important to the Kanaka Maoli of today,
and what was permissible to be built years ago on sacred grounds, was protested by the
natives for the importance of sacredness to the culture.

For numerous years, many have fought to stop structures from being built at Kolekole, and
have found that it was almost impossible to do. Congress dictates what happens here
because Hawai‘i is part of the United States of America.

For the last several years the author of this report has insisted that cultural protocol be
used at Haleakala, (refer to http://www.ifa.hawaii.edu/haleakala/LRDP/). It establishes
Hawaiian Cultural protocol when activity occurs at Kolekole. These protocols have been
on-going in the destruction and replacement of the structures on the site or any ground
altering activities over the last year.

Through the efforts of Mr. Mike Mabery of the IfA, we constructed two Ahu, or shrine, one
facing the West and the other facing the East. William Field, a Kanaka Maoli tradition
stonemason, constructed them in the traditional way of “free stacking” stonework.
Kanaka Maoli will use these shrines for prayer and offering to the gods. Access to these
shrines is strictly for Hawaiian religious ceremonies until there is better security at
Kolekole. Only Kanaka Maoli are informed of the Ahu at this time and no publicity was
made. There is a sign at the entrance to “Science City” at Kolekole, which restricts access
to anyone, except for: | na ‘6iwi Hawai‘i aloha ‘aina, or “To the native caretakers of the
land, please enter.”

Proposed sites: The proposed ATST site at Mees is one of two places that is being studied.
The alternate site is at Reber Circle. From the Mees site, ATST is partially obscured by the
AEOS telescope. From the Reber Circle alternate site ATST is fully visible, towering over
the AEOS Telescope.

Reber Circle is over 50 years old and has a historical site number, 50-50-11, 5443 State of
Hawaii. According to Melanie Chinen, Director of the Historic Preservation of the
Department of Land and Natural Resources of Hawai‘i, a process to request a change of
Reber Circle to the department could be made to restore the pu‘u, or hill, to its original
form.

iv
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Mitigation measures: From the perspective of a Kanaka Maoli, less building on Kolekole is
a wise choice because it would not disrupt the spiritual flow of being in an area of the
wao akua, or realm of the gods. If Kolekole had been treated as a sacred area in the
1930’s, 40’s and 50's, it would be easier to control construction on it today.

The best way to manage mitigation measures are to insure that whatever is built on
Kolekole, or anywhere on Haleakala for that matter, be researched on the purpose to have
it built, and a complete cultural assessment including the mitigation measures that would
be undertaken before any development occurs.

Due to the sacredness of Haleakala, here and throughout the Polynesian Triangle, it is
most important that this cultural treasure be preserved for the future.

v
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E Malama Mau Ka La‘a
Preserve the Sacredness

Outline

Introduction
A. Scope
B. Specific area of research
a. Kolekole', Makena/Kilohana (“Science City”)
1. Clarification of district area: There seems to be (in the context of the
research) discrepancies as to what ahupua‘a the area of focus resides.
C. Tangent areas of research
a. Makena (In its entirety)
b. Pu‘u O Kali
c. Kilohana
d. Nahiku
e. Kaupo
f. Luala‘i Lua

Il. In the beginning...
A. Beginning of the islands
B. Traditional ties to ‘aina”
C. Its care today

1. Native Vegetation and Habitat
A. Native Plant growth at the summit
B. Wildlife

IV.  Haleakala: The Historical and The Cultural Context
A. Maui: Slowing of the Sun.
B. Pele’s relation to Haleakala / Hi‘iakaikapoliopele
C. Burial Pit
D. AlaHeaKala

! Land section in Kilohana and Makena. There are two versions of what
Kolekole means: (1) One account explicates that Kolekole was named after the
fist Kole, for its similarity in the abundance of the rusty hue. (2) The
second account stated that Kolekole means to “talk story”. Some believe it
was an area where Kahuna Po’o or High Priests would come to delve over tough
issues.

2 n. Land, earth. CF. “ai, to eat; “aina, kama’aina. Ko na “aina like “ole,
belonging to foreign lands, foreign, international. “Aina ho’oilina,
inherited property or estate. Ua mau ke ea o ka “aina i ka pono (motto of
Hawai’i), the life of the land is preserved in righteousness.

1
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E. Ke Ko'i (The Adzes)
F. Historical References
a. Depth of Haleakala’s meaning through a kanikau
b. Palika Order
G. Current References
a. Current Cultural Structures
b. Poetical References
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E Malama Mau Ka La‘a
Preserve the Sacredness

Introduction — Eia ka |a hiki

The Scope:

The scope of this report will be to compile various historical, cultural, traditional
practices and topographical accounts of Haleakala and its surrounding areas. It
will consist of two phases, the first being Traditional Practices and the second
being the Spiritual and Cultural Association to Haleakala and to the rest of the Pae
‘Aina O Hawai’l, or islands of Hawai‘i.

Specific Area of Research:

The area being researched is referred to as Haleakala. The name Haleakala®,
speaks of one specific mountain and not the entire perceived area. However, what
needs to be determined is the specification of the area in question. According to
the University of Hawai'i’s Institute for Astronomy (UH-IFA) website, it explicates
the following:

In 1961, an executive order by Governor Quinn, set aside land on the summit of
Haleakala in a place known as Kolekole, to be under the control and management
of the University of Hawai‘i which established the “Haleakala High Altitude
Observatory Site,” sometimes referred to as “Science City.*”

In its own admittance, the UH-IFA clearly understands the importance of the
specific name of the area. Therefore, this report’s focus area shall be Kolekole.

Kolekole had conflicting results when in the process of researching the ahupua‘a,
or land divisions. According to Mary Kawena Paku’i’s Place Names of Hawai‘i2,
Kolekole is located in the Makena ahupua‘a of Maui. However, according to a
November 2000 United States Geological Survey GNIS Database, it places

% Haleakala: Kaups District. 10,023 feet tall. North (+) Latitude: 20° 42
17. West (-) Longitude: 156° 10 36. This data was extracted from the United
States Geological Survey GNIS Database (November 2000) .

4 http://www. ifa.hawaii.edu/haleakala. However, for the greater portion of
this report, the upper mountains of the Kilohana ahupua“a will be referred to
as Haleakalsa.

> Paku“i, Mary Kawena, et al. Place Names of Hawai“i. University of Hawai“i
Press, Honolulu, 1974.

3
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Kolekole® in the Kilohana ahupua‘a. According to several maps, the ahupua‘a of
Makena and Kilohana meet. Therefore, it is assumed that Kolekole is in the
vicinity where both ahupua‘a convene.

6 Maui: Kolekole — Kilohana District: 10,012 feet tall. North (+) Latitude:
20°© 42 38, West (-) Longitude 156° 15 33. This data was extracted from the
United States Geological Survey GNIS Database (November 2000).

4
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Geographical Information

Tangent Areas of Research:

The study of Kolekole is difficult to conduct unless the tangent areas are
congruently studied. Therefore, the tangent areas will also be accounted in this
specific section of the report.

Makena

Makena is located on the southeastern portion of Maui. The area, however, does
not reflect the same landscape as that of the upper summits of Kilohana and
various other ahupua‘a in the upper portions of Maui.

Pu‘u O Kali
Pu’u O Kali is an ahupua’a which sits above Makena ahupua‘a and next to

Kilohana ahupua‘a.

Kilohana
Kilohana encompasses the majority of the region of what many people today
consider to be Haleakala. The area includes a partial district of Kolekole.

Nahiku:

N&ahiku resides directly next to Kilohana and Hana. N&hiku, the Hawaiian name
for the “Big Dipper,” or Ursa Major, was important in the study of celestial
navigation.

Kaupdo
Kaupo was a major living area in ka wa kahiko”. Kaupa is also known as the area

behind Kilohana and Haleakala.

Luala‘i Lua
Luala’i Lua, meaning “twofold tranquility,” is in the specific area that tranquility
would be obtained for traveling to the summit.

This is just a few ahupua‘a that borders the area of Kilohana and will become
imperative to the research of Kolekole.

7

n.

Ancient times, antiquity.
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In the beginning...

There are many beliefs of how the Hawaiian Islands were formed. Several people
believed that Hawai‘i was pulled out of Oceania’s vast holding, and others
thought that the islands were born of Papahanaumdcka and Wakea. Moreover,
there were others who also believed that these islands were produced through the
lineage of the Kumulipo®. Through the passages of Papa and Wakea, or the line of
Manaiakalani®, or the verbs of the Kumulipo, the islands come alive with its rich
and vibrant history.

Without taking a side of any version of Hawai‘i’s beginnings, ka po‘e o ka wa
kahiko'® recognized: “Akaka wale o Haleakala''.” It is known that Haleakala
stands in full view. From time immemorial, Hawaiians have revered the sanctity of
the slopes of Haleakala and the summits of Kilohana.

Some say the beginning of Maui happened by the demigod Maui’s attempt to
catch a fish by the name of Pimoe, for his mother Hina. He, along with his
brothers attempted to find this magical fish, only to break the spell and have
PImoe turn into 8 major islands and some 125 minor islands. Maui’s response to
his mother’s dismay was simply this, "we no longer need a large fish to eat; we
have the land that will be here for generations to come." What needs to be made
clear here is the importance and relevance of the ‘aina to its people. The
relationship of the ‘aina that the demigod Maui furnished to his mother can be
experienced right up until this very day.

In the context of Papa and Wakea'’s story, these two “people” are the parents of
islands. Therefore, when the ‘aina is hurt, so are the siblings — Kanaka Hawai’i'’.
According to Dr. Lilikala Kame‘eleihiwa’s statement before the United States

Commission on Civil Rights stated:

From time immemorial, Native Hawaiians have had a special genealogical
relationship to the Hawaiian Islands...As such, we have an ancient duty to
love, cherish and cultivate our beloved grandmother, the land... And in the
reciprocal relationship, when we Native Hawaiians care for and cultivate
the land, she feeds and protects us."”

8Kumulipo is the origin, genesis, source of life, or mystery.

9 Manaiakalani is the name of the fishhook used by the Demi-God Maui, to pull
up the islands known as Hawail“i.

10 people of Old

1 pagku“i, Mary Kawena, et al. “Olelo No“eau: Hawaiian Proverbs and Poetical

Sayings. Bishop Museum Press, Honlulu, Hawai“i, 1983. [Glossary: Term]
Z°N

ative Hawailans

13 Kame“eleihiwa, Lilikala, Ph.D., statement before the Hawai“i Advisory
Committee to the U.S. Commission on Civil Rights, “ The Impact of the

6
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From Maui’s expressions to his mother, Dr. Kame’eleihiwa’'s expression of
Hawaiians’ relationship to the ‘aina correlates the significance of care, and
protection that Hawaiians have for their ‘adina. Therefore, Hawaiians have every
right to analyze the use of their most sacred lands. With that mentioned,
Haleakala will now be studied in depth.

Decision in Rice v. Cayetano on Entitlements,” community forum, Honolulu, HI,
Sept. 29 2000, transcript.
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Cultural and Historical Information

Mauigkamalo

Haleakala is the location of one of Polynesia’s'* most famous stories. The demigod Maui

managed to snare the sun after repeated verbal foresights of failure. Haleakala became
the focal point of the Universe; it is the beginning of the sun.

Some may not believe this legend, primarily because it is “fictitious.” Given that point,
the moral behind the story is not fictitious. In an anthropological sense, legends tell the
habitual lifestyles of the people in focus. In this case, Maui’s legend tells a lot about the
importance of the sun to Hawaiians, hence the name: Haleakala — House of the Sun.

Haleakala’s Importance:

Haleakala is the sacred home of our Sun, and the ancient Path to Calling the Sun as
depicted in its ancient name: Ala Hea Ka La. Why is this critical to our survival? The
Sun's energy is the source of all life, and governs our most basic rhythm of day and night.
Ancient cultures have venerated its being, and we as a human race follow its course
without thought and are insignificant in respect of its power. However, our Native
Hawaiian Culture praises its existence, until this very day the sun is praised for its cycle.

14 point of clarification: Most believe the story of Maui’s snaring of the
Sun is a Hawai“i-centric story. However, Maui was not only a Hawai“i demigod,
he was a demigod of all of Polynesia. Therefore, Haleakala is a pinnacle of
power for all of Polynesia.

8
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Ealae

Ealae

Ka la I kahikina

| ka moana

Ka moana hohonu
Pi‘i ka lewa

Ka lewa nu‘u

I kahikina
Alkala

Ealae

Rise

The sun at the east
At the ocean

At the deep ocean
As it climbs

To the highest

In the east

Is the Sun

Rise
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As the chants explicates the cycle of the rise of the sun. That is still honored through
chants like the one shown above. “E ala e” was written in the late 1980’s by Hawaiian
scholar, historian and Kumu Hula'’, Pualani Kanaka’ole Kanahele. The sun’s appreciation
and worship is not something of the past, but very tangible and real.

The ancient spiritual use of the mountain is for meditation and receiving of spiritual
information by Kahuna Po‘o. It is a place where the tones of ancient prayer are balanced
within the vortex of energy for spiritual manifestations. In ancient times, only Kahuna and
their haumana, or students, lived at Haleakala, for initiation rites and practices.

Pele

It is said through chants that Pele created every puu’® in the Kilohana region on Maui.
During Pele’s first visit to Haleakala she began to dig a deep pit and made sixteen cinder
cones that stand to this day. She went below Paukela, Naholaku and Maua from
Kaumunui to Paukela. These pu‘u are in a sacred alignment with the tip of Haneo’o for
about 30 miles into the ocean. We are beginning to relearn the significance of the astro-
archaeology of that period and how these points are interrelated with the many Heiau'’.
On the east side of Haleakala, there are over 300 Heiau - a higher concentration of
ancient temples than any place else on the planet.

Pele's going down to Hana, Maui, was said by the ancients to be her very first experience
in going under the earth from Haleakala to the north-western side of the peak of
Kahuakala (the Sun's nose). On the northwest side of the peak is Hale o Pele (Pele's
House). From there, she caused a flow of lava to pour as far as Kawaipapa, Wakiu,
Honokalani, Ka‘eleku and between Honoma‘ele and Makapu‘u in ‘Ula‘ino and the bed of
Akiala. During this flow she also made Olopawa, Hina‘i, Kaiwiopele, Leho’ula and Alau.
These are all consequences of and interrelated with the crater and its activities. She also
returned and died at Haleakala later in history in a battle between her rival sister
Namakaokaha'i'® - where her and the iwi’® of Hi‘iakaikapoliopele were scattered through
the crater and the hill at Aleamae named Kaiwiopele.

15 Hula Master

® n. Any kind of a protuberance from a pimple (pu'u 2) to a hill: hill, peak,
cone, hump, mound, bulge, heap, pile, portion, bulk, mass, quantity, clot,
bunch, knob; heaped, piled, lumped, bulging; pregnant; to pucker.

7 n. Pre-Christian place of worship, shrine; some heiau were elaborately
constructed stone platforms, others simple earth terraces. Many are preserved
today.

8 Goddess of the Ocean; Pele’s nemesis and sister.

19 Bone; carcass (as of a chicken); core (as of a speech). The bones of the
dead, considered the most cherished possession, were hidden, and hence there
are many figurative expressions with iwi meaning life, old age: Na wai e
ho'sla 1 na iwi? Who will save the bones? [Who will care for one in old age
and in death?] Ma'ane’i au me ‘oe a waiho na iwi, here I am with you until
leaving the bones [death]. ‘O ‘oe nd ku'u dwi, a me ku'u ‘i'o (Kin. 29.14), thou
art my bone and my flesh. Holehole iwi, to strip bones of flesh [to speak ill
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Burial Pit:

Haleakala was well known for its lua meki*’, according to Hawaiian scholar Samuel
Manaiakalani Kamakau.

The disposal pit of Ka‘a‘awa is a deep disposal pit inside the crater of Haleakala. It
is on top of a lava mound in a pit on the north side, close to Wai‘ale’ale’' on the
eastern edge of the Ke‘anae gap that opens at Ko‘olau...several miles deep, with
fresh or sea water at the bottom. Because of the taste of the waters, some people
have supposed that the waters of Waiu and Waipu at Kaupd have their source at
this pit of Ka‘a‘awa...”

This is one account of the noted by Samuel Kamakau. To support this piece of
evidence E.S. Craighill Handy et al., has also noted events similar as mention by
Kamakau.

...Maui natives of the Kula and Honua‘ula areas journeyed during the
nighttime to toss into the crater the bones of their dead. The Maui people
living on the semi-arid leeward slopes, who threw their bundles into the pit
of the extinct volcano, were presumably of the “Clan of Pele.”*?

Haleakala is not only significant for its purpose as a sacred area, it is a burial site as

well. Hawaiians treated their bones with much respect for it was the purest form of
mana.

Ala Hea Ka La:

It is said, through oral tradition?®, that Haleakala’s traditional name was Ala Hea Ka L3,
“the path to calling the sun.”

of one"s kin]. Pili i na iwi, to wager one"s bones [one"s life]. Many phrases
and compounds with iwi are listed below.Cf. kaula’'i iwi. Kona iwi, his [own]
bone. Kana iwi, his bone [as a chicken bone he is chewing on]. Iwi koko,
bloody bones [a living person]. lwi koko ‘ole, bones without blood [a dead
person] . K& iwi, your own interests, your own. Hana no 1 ka ko iwi, do for
your own bones [take care of your own interests]. Ko k& iwi ‘dina hanau, your
own land of birth (PPN iwi.)

20 n. Deep pit or cave.

21 A swamp just outside the crater wall

22 Kamzkau, Samuel Manaiakalani. Ka Po‘e Kahiko: The People of Old. Bishop
Museum Press. Honolulu, Hawai’i, 2000.

2 Handy, E.S. Craighill, et al. Native Planters: In old Hawai’i — their life,
lore, and environment. Bishop Museum Press, Honolulu, Hawai’i, 1972: 336-337.
%4 Made mention on numerous occasions by the late Kahu David Kawika Ka“alakea.
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In the Hawaiian religion, physically higher places were always sacred. If one were
to notice the structure of the traditional homes of the ali’i, or chief, or the structure
of various heiau, the structures always reached for the sky above. This vicinity was
the area of the wao akua®; it is the dwelling of the gods, the home to where all
formations of each of the 40,000 Hawaiian gods and goddesses placed their
powers. Haleakala was not only “home of the sun,” it was also home to the gods.

Ke Ko’i (The Adz)

Adzes were an important part of the lives of all traditional Hawaiians. Archival records at
the Hana Cultural Center say, “The Hawaiians were the finest stone adz makers in
Polynesia. One of the best quarries was atop Haleakala.” The various quarries throughout
the islands were incomparable to Haleakala’s second-to-none quarry.

There were certain protocols to commence prior to excavating basalt rock to create the
adzes. The following is a chant from David Malo’s Hawaiian Antiquities.

E Kane uakea, Eia ka ‘alana
He moa ualehu. He moa uakea, He moa ‘ula hiwa.
He ‘alana kéia ia ‘oe Kane,
No ke ko‘i kalai,

Ko’i kua,

Ko‘i kikoni,

Ko‘i lou,

He ko’i e kai e, kalai ai ke ki‘i,
He ko’i ou e Kane,

ke Akua ola.

ke Akua mana,

ke Akua noho i ka ‘iu‘iu,

ke Akua i ke ao polohiwa.

This is a praise given to Kane, who was responsible for the excavation and making of the
ko’i. The chant explicates, “He ‘alana ké&ia ia ‘oe Kane,” an offering to you, Kane.

Hawaiians were extremely skilled in constructing the adz. As historic sculpture reveals,
the carving techniques of ancient Hawai‘i were not crude, nor did they hinder the control
of the medium. Carvers of the large temple images, and probably of many smaller types,
were not mere craftsmen, they were Kahuna Kalai (Priest Carvers) - selected by traditional
methods, trained and initiated in the rites of the order of the type of work they would do.

It is interesting to note that there are no differences found in the quality of tools used for
and by Kahuna and Ali‘i as for Farmers, Fishermen and other professions. All maintain the

2 physical land masses where the heavens would touch the earth.
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same high quality across the lines of what western society terms as class distinction - none
are found.

Adzes are older than the time of Wakea. The adzes used to hew Kumu‘eli and
Kaloliamaiele [Kaloloamaile] - the canoes of Wakea et al - were ko’i meki, of iron,
possibly. Their names were Haumeku and ‘Olopu, and they were adzes that belonged to
Hawai‘i nei from remote times. Makilihoahoa‘aikalani was the large chisel, kila nui, that
gouged the canoes; it was also iron.

As shown through the chants, and the relation of Wakea’s adzes, there is a strong bond
between the tool and the kanaka. So was the process and the areas of gathering the basalt
rocks to make the ko’i. Haleakala was and has been mentioned, to be the prime spot to
gather the rocks to create these useful tools.

Historical Reference

Because Haleakala yields an intense epicenter of spiritual, physical and awe-inspiring
power, it is not a surprise that the aspects and references are varied and abundant.

Haleakala’s use in a historical and cultural context is extremely difficult to explicate into
tangible and malleable terms because many practices were commenced yet seldom
mentioned.

Kanikau

The following written piece reflects the belief of many families of the time (circa mid 19"
century).

He kanikau aloha no S. P. K. i make.

He kanikau aloha keia nou e Solomona e,
Kuu keiki hoi, kuu minamina nalo ole e,
O kunukunu, o naenae, o puai hanu ole e.
O a iliili, o moemalie, o ke aho o lele loa,
| ke ahiahi i ka napoo ana a ka la ka helena,
Hele nalo ikea hou ole mai oe e,

O ka uwe a Laisa, ka makuahine e,

Aloha ino no kuu keiki e,

Kuu keiki no hoi o ka wa naaupo,

| hoao aku hoi i ka hanai keiki ana ia oe,
Kii ke Akua lawe i kana o ka uhane,
Hapuku wale ana i ko kino pono ole e,
Pono ole ka manao paa ole ka waimaka,
He kuaua ka waimaka a pau ae e,

Aloha oe i ka ike ole ia.
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Uwe helu ae nei o Hakaleleponi,
Aloha ino no kuu keiki e,

Na o'u kaikuaana hoi ke keiki o oe e,
He hanai keiki au na laua,

Enenenele ana ka makou ia oe e,

Nou ka ka uhane hele ahiahi,

Me he opua ala iluna o Haleakala,

E nana ana paha i ka wai o Helaini e,
| ka luana a na wahine i ka lua,

Elua no kaua i ke anu me ke koekoe e,
| ka po loloa o ka hooilo ke moe ia,
Wehe mai nei oe i ka pili me na makua,
Haalele i ka poli ou kupuna e,

E hoomakua ana i ko ka lani,

He lani ko aloha ia'u e noho nei,

Nou paha ka uhane i Hiikua, Hiialo e,
| ka lewa a nuu i ka lewa lani,

| ka paa iluna i ka paailalo e,
Halawai aku la paha oe me ou kini,
Me na puali anela pau ole i ka helu,

E ku ana imua o ka Haku Sabati,

la lehova ke Akua, a mau aku.

la lehova ke Akua, a mau aku.

HE MAHELE.

Ooki ke anu ka hau o Kula e,
Puku ka io i ka wai o Kupalaia.
Alahia ka manao pono ole ia oe.
Kuu keikiki o ka wai o Muliwai.
O ka piha kanaka nui o Kalou.
Loua iho nei au la e ko aloha.
Hoaloha wale oe ia'u e,

Aloha ko kino i ka ike ole ia.

H. PAULO.
Nuu, Kaupo, Dek. 31, 1861.26

26 Because this is such a personal matter, the entire lament will not be
translated, just the portion which is relevant to this report. Nor was it
fair to remove just the section of the kanikau to make a proverbial point in
this report, to honor the author and the one lamented, the entire text of the
lament has been included.
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This kanikau, or written lament, is a prime example in depicting how relative Haleakala
was in an “everyday” culturally-steered society. Haleakala was more than just the
mountain on Maui, let alone it being the highest peak. Haleakala represented everything
that was near to the waoakua (certain stratosphere of earth where the gods and goddesses
ruled would encompass that which was earthly).

Once again, in reference to our sited material above, the underlined portion of the text
translates as follows:

We are deprived without you,
Your spirit will travel in the night to find solemn rest,
Among the rising clouds of Haleakala.

Perhaps any other reference in a casual article may not have held as much weight to the
author of this report, in order to show the depth of significance Haleakala played in a day-
to-day historical context. However, for a topic such as a lament, something that is so
personal and obviously a huge void to this person, the author of the kanikau lists the need
to mention Haleakala and what it will mean to the deceased.

Palika Order

There is said to have been a priestly order, which commenced its spiritual practices atop
Haleakala. Not much is written of this order, nor what is written of this priesthood delves
into any specific details of its spiritual practices.

In an interview conducted by the author of this report with a Mrs. Charlotte Nina Maxwell
of Pukalani, Mau,i she mentioned of the Palika Order in the following fashion:

The Order of Palikd, a priestly order, conducted their ceremonies upon this
mountain top. They painted their bodies red with lepo ‘alae, wore white kapa,
carried a ki'i mounted with a pig’s head and ceremoniously walked around the
crater rim, Kolekole and the entire crater area. They usually performed this ritual
during Makahiki.?”

Kumu Hula Maxwell lends a unique perspective to this orderly clan. An article written in
1834 in a prominent Hawaiian newspaper however satisfies her details.

The reference that Maxwell makes to the Makahiki season is also reiterated in following
newspaper article of 1834. This is an interesting notation, in part because this would mean
that this priesthood would have been a more peaceful order.

27 Maxwell, Charlotte Nina, Kumu Hula: Pukalani Hula Hale. Pukalani, Makawao,
Maui. Interview with Kahu (Rev.) Charles Kauluwehi Maxwell, Sr. December 28,
2002.
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Aia i Maui Hikina, oia no o Haleakala.

Haleakala a ka lehua.

Oia kekahi noho papa kahuna mai Nuu mai.

Oia ka noho papa a Paliku kahuna no hoi.

| ka wa makahiki, nui na hana koikoi a lakou.

Oia no i keia mau la, oia ka pilina me ka makou Alii.*

Translation:

There in Maui of the east, there resides Haleakala. Haleakala of the lehua blossom.
There resides a class of priests from Nu‘u. It is the class of Palikd priests indeed. In
the winter months (time of peace), there was a heavy responsibility of them. It
should be so in these days, the closeness of our leaders.

This article was of a political genre as the last lines indicate a need of the Ali‘i class to
resemble the heavy responsibilities as did the priesthood of Palika.

The article uses a unique phrase to describe responsibility, hana ko‘iko’i, or translated to
mean heavy work or duties or prominent work or duties. This alludes to a more in-depth
query as to what was the prominence or heavy burden carried out by this priestly order.
No written context has shed light on such an inquiry.

Current References:

While portions of Haleakala is consumed by the constant reminders of Western society’s
ever encroaching and at times intrusive methods, there is a need and a revival to malama
mau ka la‘a, or preserve the sacredness, especially of areas such as Haleakala.

Recently two ahu or altars were constructed. The latest construction completed in mid
October of 2005. The two ahu face pivotal points in Hawaiian cultural protocol, one faces
the east where the sun rises, this was the last of the two to be constructed in a culturally
appropriate and manner. The former faces the west where the sun sets everyday.

A cultural protocol and ceremony commenced on July 17, 2005, to dedicate the ahu that
faces the west, which is the female aspect. The ahu was dedicated to the goddess Hina.
The name of the ahu is Hinala’anui, or Hina of immense sacredness.

On October 30, 2005, a cultural protocol and ceremony commenced to dedicate the ahu
Pa‘ele Ko Ai | Ka Moku, that faces the east, which is the male aspect. Pa‘ele Ka Ai | Ka
Moku has several meanings. Pa‘ele Ka is in reference to Pi‘ilani’s warriors who were
tattooed in large quantities. Ai | ka Moku means to acquire the island.

% Ka Napepa Ka“oko“a. Ka Papa Ali<i, Ka Napepa Kaoko“a, v. 1, n. 11, p. 3.
24 March 1834.
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These acts of responsibility are actual and tangible. It is a way to reconcile the need to
have presence, and more than just a physical presence, but to remain and sustain a
cultural presence. One can practice their spirituality anywhere in Hawai’i. It is certainly
true if you look at specific sites that have been constructed in memoriam of those past or
to honor a god or goddess. This does not mean, however, that a cultural structure can be
built at any development to appease what is culturally appropriate. There is however, a
fine yet steady balance between being a practitioner and constructing areas of a spiritual
epicenter. This is all wrapped up into one statement, e malama mau ka la‘a.

Poetical References

Today, Haleakala is not only known for its spirituality and as a place where primordial
gods and goddesses encountered earthly happenings, but it is also revered as a majestic
and serene mountain.

Famed over and over again in modern songs and dances, Haleakala has surpassed its
physical stature with its honors and glory.

From famed Hawaiian music scholar Charles E. King’s melodic song “Lei Lokelani” in
which he pays honor and homage to “Kilakila Haleakala ma ka hikina — Majestic
Haleakala in the east.”

To the revered Maui songwriter Alice Johnson’s well known “Aloha ‘ia N& O Maui”
wherein she describes Halekala and lovingly taunts the mountain for its windy ascending
roads in the following:

Kilakila Haleakala

Kuahiwi nani o Maui

Kaulana kou inoa puni o Hawai’‘i
| ke alanui kike‘eke’e

Majestic is Haleakala

Lovely Mountain of Maui

Famous is your name through all Hawai’i
And the road which zigzags
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To the revered songwriter and Hula Master Aunty Alice Namakelua’s rendition of her
thoughts of Haleakala and its sub districts in the following song composed in 1941:

You are a beautiful mountain,
Haleakala

Kuahiwi nani “oe Haleakala —
You are famous and stand majestically

Kaulana ho'i “oe ka kilakila

At Makawao, this rain is well known

*O Makawao ia ua kaulana
Waol It falls gently on the trees

| kaohi ia iho o ka la*au

*Ukiu is the name of the rain of this
land
Here the wind is soft and cool

He “tkiu e ka ua o ka “aina
Me ka makani aheahe “olu’olu

E aho no “oe a e komo mai

N You should come in
A e ho'ola’i ka malu o ke ao

Relax in the shade of the clouds

Puana ka inoa i lohe “ia

. AR _ Tell the name so that it can be heard
Kuahiwi nani “oe Haleakala

You are a beautiful mountain,
Haleakala

New groups fascinated with the art of haku mele or song compositions, continue to write
of Haleakala’s beauty and majesty. It is a forever-fascinating encounter to stare up to its
highest peak and a gratifying reward to be able to look down to all that encompasses
Haleakala Ka Kilakila — Haleakala Standing Majestically.

There is no doubt that it is because of this long history, the respect that Haleakala
demands and the want and need to continue and revive all that is cultural that all must e
malama mau ka la‘a — preserve the sacredness!
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Native Vegetation and Habitat

The vegetation in the Kolekole/Haleakala area does not flourish as generously as various
other ahupua‘’a on Maui. However, Haleakald is known to have endemic plants and
wildlife, along with some of the world’s most rare plants and animals.

Every aspect of the traditional Kanaka Hawai‘i culture was closely interconnected with the
life forms of these islands. The saying "He Hawai‘i Au" - | Am Hawai‘i - reveals this basic
truth: the people and their environment are one, as previously made clear. All of the needs
of the population (which numbered nearly as many as inhabit Hawai‘i today) were
provided for abundantly from the life of the land and ocean, passing on the stored energy
of the 13*? in multitudes of useful and beautiful forms.

Due to the geographic location as the most isolated land in the world, approximately
2,600 nautical miles from the nearest continent, the Hawaiian archipelago evolved
incredibly diverse and unique ecosystems, with myriad species of flora and fauna found
nowhere else on the planet.

Today Hawai‘i is known as the extinction capital, with more extinct and endangered
species than all the rest of the United States put together. More than sixty species of
endemic Hawaiian birds have become extinct, and an additional 29 are endangered,
totaling over 80 percent of Hawai‘i's unique bird fauna. Ten new species on Maui have
just been nominated for the endangered species list this year.

This signifies a deep rending of the fabric of life that can never be repaired in human
periods, and vanishing with these species are the cultural interrelations that developed
with them through the generations over hundreds of years.

In the delicate ecology of the alpine climate of Haleakala's Mountaintop, there are over
thirty plants, as well as seven bird species and numerous insects, listed as endangered
species just within the National Park boundaries, with others listed as threatened species
or species of concern.

Plants found on Haleakala mountain, many of which are endemic (native and unique) to
this part of the island were used for a variety of cultural purposes.

A well-known tree is the sandalwood (Santalum freycinetianum), known in Hawaiian as
‘Iliahi. The wood was traditionally used to scent tapa cloth. It was sometimes used to
make ‘ukeke, a musical bow, the only traditional Hawaiian stringed instrument. The
leaves and wood of Sandalwood trees were also used medicinally, often in combination
with ‘awa and other woods. One variety of Sandalwood occurs near the Park headquarters
and Hosmer's Grove. The lanaiense variety, with a red flower, found only on East Maui

2% La- nvs. Sun, sun heat; sunny, solar.
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and Lana’‘i, is endangered. Only around 100 plants survive today, with a population found
on the south slope of Haleakala.

Other medicinal plants from this area include the ‘Ahina Kuahiwi (Gunnera petaloidea),
also called Ka‘ape‘ape or ‘Ape‘ape, and the Mau‘u La’ili (Sisyrinchium acre), a crawling
grass (native Iris) found on top of the mountain, which was used to treat skin disorders.

The durable wood of the golden-flowered lacy Mamane or Kolomona tree (Sophora
chrysophylla) was utilized to make o‘o, or digging sticks, house poles, and hélua, or sleds.
One of the most outstanding examples of a hdlua slide was just recently discovered on the
southeast slope of Haleakala mountain.

Many plants found on Haleakala were traditionally, and are still, used in lei making. The
Pukiawe (Styphelia tameiameiae), the Park's most abundant shrub, is a popular element in
elaborate haku lei, as well as being food for the endangered Né&né (Nesochen
sandvicensis), the Hawaiian Goose, Hawai‘i's state bird.

The famous ‘Ahinahina - Haleakala Silversword (Argyroxiphium sandwicense ssp.
macrocephalum) - a variety found only on Maui was also used to make leis, but
overexploitation by outsiders contributed greatly to its near demise. Once numbering less
than 100 plants, it is now listed as threatened, with a recovering population of around
65,000 plants.

For some endangered flora and fauna, it may already be too late, as the ebb of human
predominance elucidates its presence to untouched history beyond the common
understanding. However, as long as the endangered flora and fauna continue to survive,
we must do our utmost to protect and restore these species.

On March 20, 1999, Earth Law, Inc.’s?® staff attorney, Debbie Sivas®', made mention to
their supporters in a letter (regarding airplane flights near Haleakala), of Haleakala’s
fragility:

Haleakala protects more imperiled species than any other national park -- six
endangered bird species, 12 endangered plant species, and many rare invertebrate
and plant "species of concern." Some 90 percent of the Haleakala's 650 plant
species and 800 invertebrate species live only on the Hawaiian Islands. Eight forest
birds reside only within the park's borders. Its little wonder that the park has been
designated an International Biosphere Reserve.

%0 Formerly Earth Law, Inc., has since merged with Earth Justice, Inc.
31 http://www.earthlaw.org/Newslett/letter22._htm
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Sivas continued to state:

This is the reason we brought an action on behalf of the National Parks and
Conservation Association and Maui Malama Pono, a Hawaiian grassroots
organization that promotes slow growth, to block the creation of an
international airport on Maui.

One might wonder what tangent these quotes would have to a composition of this sort. In
this particular case, a lawsuit was filed because the Kahului Airport had plans to expand.
According to Sivas, many were concerned about what the indirect impact on Haleakala
might be. Come some three years now, and Haleakala is in direct impact with the
proposal to build new infrastructure.

The flora and fauna mentioned and more thrive in this very fragile environment. Many
may be brought back from the brink of extinction if their habitat is preserved and restored.
To build any more infrastructures at Haleakala would only be adding “fuel to the fire.”
Both the Silversword and the Néné goose are examples of species on Haleakala that
nearly became extinct from human exploitation, which are now increasing in numbers
due to our positive intervention.
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E Malama Mau Ka La‘a
Preserve the Sacredness

ARCHAEOLOGICAL ASSESSMENT OF SITE

There are no significant archaeological sites found where the proposed ATST is to be built.
There are numerous evidence that the entire Kolekole area was used in ancient times by
the wind-shelters, and habitation sites that are found in the general area. It substantiates
the mo’‘olelo, or stories, how the Kahuna Po’o, or high priest, used this area to teach
students about the heavens and the universe. For more detailed information, refer to the
Archaeological Report submitted by Eric Frederickson of Xamanek Researchers.
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E Malama Mau Ka La‘a

Preserve the Sacredness

Interviews of Informants

Rowell T. Kim
Installer — Oceanic Time Warner Cable Television
504 Kaulana St., Kahului, Hi 96732

October 7, 2005 at 7:00 p.m., interviewed at 504 Kaulana St., Kahului, Maui:

He related that he was born on Oahu and moved to Maui about 20 years ago. He had
traveled to Haleakala on numerous occasions and had marveled at the beauty of this
majestic mountain. From his girlfriend, he learned how sacred the mountain was and
numerous legends were connected to this place. That the Hawaiian Goddess Pele lived in
the crater and other gods that the Hawaiian people worship. Hopefully, they do not over
build the top of the mountain and make it into another Mauna Kea on the island of
Hawai‘i.  Concluded by saying that they should teach the children in the Maui Schools
about what is happening on top of the mountain so that they can be allowed to work in
the facilities in “science city”. Ended by saying that not only the needs of science should
be taken cared of but also the local people should benefit for using their mountain.

David Kaahuula Dutro
Retired — Young Brothers Inc.
3379 Anuwanu St. Pukalani, Maui 96768

October 9, 2005 at 10:00 a.m., interviewed at 157 Alea Place, Pukalani, Maui:

He stated that he was born in Wailuku on September 19, 1935. He had lived and worked
on Maui all his life. He really has no opinion about the telescopes on Haleakala but hope
that it is for something that will benefit us and improve our lifestyle. That the main thing
is, they adhere to the cultural rules that are set for the mountain.

Oliver Harold Cummings Sr.
Retired U.S. Post Service
617 S. Oahu St., Kahului, Hawai‘i 96732

October 9, 2005 at 3:00 p.m., interviewed at 617 S. Oahu St., Kahului, Maui:

He stated he was born January 5, 1930 in Kahului. That he remembers visiting Halekala
with his family on many occasions and had heard that it was a sacred place because of
the gods that live there. He felt strongly that whatever is built on top of the mountain,
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they build it with respect for the sacredness of the place. He is afraid that the top will be
cluttered with buildings and the sacredness will be lost.

Jennifer L. Paet
Loan Officer — Atmic Lending Corporation
25 West Makahehi Place, Kahului, Hi 96732

October 9, 2005 at 8:00 p.m., interviewed at 25 West Makahehi Place, Kahului, Maui:

She related that she was born and raised on Maui and that she can remember from a
young age her fascination with Halekala because it overpowers the rest of Maui. She had
heard how sacred the mountains are to the native Hawaiian people and being a hula
dancer, she really respects the Hawaiian culture.

She occasionally chants and dances about the Goddess of the Volcano Pele and knows
about her travels throughout the pacific because of hula. She hopes that they take care of
the spirituality of Haleakala when building any facilities.

Hokulani Holt-Padilla
Cultural Program Director — Maui Arts & Cultural Center
659-Pohala St., Wailuku, Maui 96793

October 12, 2005 at 3:00 p.m., interviewed at her office:

She related that it is an abomination to this mountain because it is this mountain that
allows this land to exist and with out the land we as a people cannot exist. When you put
this foreign material on this mountain that makes it more important then the mountain
itself, that is unacceptable behavior and in Hawaiian Culture that is maha‘oi (rude). You
go to a place that does not belong to you. In addition, there is nothing that brings honor
and beauty to this mountain and it is being used because it is a high place and you can get
a clear view.

When our Kupuna went to use this place, they used it in order to communicate with their
Akua to communicate with their Kupuna, and even when they passed through the
mountain to go from one side of the island to the next, they new that they were always
passing the realm of the gods, the Wao Akua and so as a Wao Akua, that is where the
gods live and whenever we go as humans, we must go in a sense of humbleness and in a
sense of asking and in a sense of not disturbing unduly, so to put something up there is to
put a mark that does not blend and does not belong on Haleakala.

These structures on Haleakala does not take away from the spirituality of it, but it does
prevent full spiritual use of it, the mountain is greater than all of us. We will come and go
the mountain will remain, it is greater than all of us. We go there to find spirituality or
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reconnect is still possible, but it is more difficult with this up here because it is not part of
the mountain. If it were gone, we would have direct connection to our Kupuna. If it were
gone, which | would hope to happen, then we would have direct connection to our gods,
direct connection to our Kupuna without this kind of disturbance. Continued use of it like
everything else, eats away at the spirituality of it.

Having the telescope up there as | have been told, will contribute to the Western
intelligence scientifically. What they learn from the information they gather from this
telescope in understanding this world and other planets in the universe. That's well and
good, but what does it contribute to our culture? | personally don’t think it supports a
whole lot of our culture. So, if the western culture is learning a lot about what goes on in
the universe from these telescope, then the western culture must support the perpetuation
of our culture. They must support our efforts as Native People of this land so that we as
people can learn the things that we need to learn so we can have the knowledge to teach
our children what was taught to us by our ancestors, for the sake of future generations.

Whatever the building of the telescopes on Haleakala means to the scienctific community,
it is double important to the Hawaiian people as a place of revereance. The education of
the children should be supported by these facilities in having programs throughout our
schools system and directly support programs that are perpetuating, preserving and
educating the Hawaiian people and their children in the culture of Hawai‘i.

Concluded by saying that in the past, Hawaiians were barred from these spiritual places.
It does not mean that they did not want to do anything and | truly feel that it is our
responsibility to prepare the ground for what our children need to know. We prepare the
ground for having the Ahu built up there so if they want to go back to the past, they can
do so and it will be available for them if they want to in the future. We must teach our
children the importance of our culture because if we don’t teach them they won’t know.

Supporting educating does not mean going to Haleakala 3 times a year and participating
in programs. It means that these facilities should support Hawaiian education in any way
they can. If it is going to be built anyway, by using this sacred place, they have to
contribute in perpetuation of the Hawaiian Culture.

Adrian Kamalaniikekai Kamali’i
Publicist - YK Communications L.L.P.
1050 Kina‘u St., Honolulu 96814

October 11, 2005 at 2:15 p.m., interviewed at 157 Alea Place, Pukalani, Maui:

He related that he was born and raised in Kahului, Maui and that he attended
Kamehameha School, and completed two years college at Hawai’‘i Pacific University. He
is the Associate Researcher on this project.
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Having been raised on Maui, the dominance of Halekala is always present and at a very
young age was instilled by his mother and grandparents the cultural importance it has to
the Hawaiian Culture.

He strongly feels that no matter what the objections to the building of the ATST on
Halekala, it will get built anyway, if not on Haleakala or some other mountain like Mauna
Kea on the island of Hawai‘i. Both of those places provide ideal sites for them to do
whatever work they need to do. So there is no question whether its going too built or not.

Spirituality can be practiced anywhere, in the middle of Waikiki where burials are
preserved or in downtown Honolulu or other bustling cities where a heiau is there, that
does not mean we cannot practice our spirituality.

Actually looking at the visual impact of the pictures | thought that it would be more
noticeable from the valley area, and of course, these are at a distance. The visual impact
is actually in the psychic of one’s mind that it is more hurtful to see something like that
large on the mountain and some would argue that it could ruin the spirituality but some
might argue that one can still be spiritual because the place dictates it. Like anywhere
else you can hold your sacred ceremonies and the focus would have to be on spirituality,
nothing else. Lord! look at lao Valley with all the buildings and visitors that go there we
still practiced our culture and can still do so even with these “distractions.”

The work ethic on Haleakala must always be focused on the sense of place that this
telescope is being built on Hawaiian soil and not anywhere in the U.S.A. That they have
to follow the cultural protocol set up for this mountain whenever work is conducted at this
sacred site. They have to have a sense of obligation working at Haleakala and realize that
they are in a very culturally sensitive area and utmost care must be used before, during
and after their work day at the site.

If someone backs this project, its easy to call them sell outs however at the end of the day
if you only protest and try not to be involved in assuring the proper cultural procedures
are followed, then the culture would lose and construction takes place anyway.

We must strive to give notice to all construction in Hawai‘i that standards must be
followed when working in highly sensitive areas like Haleakala. My wish is that modern
technology some day will be able to view the stars without building on the tops of our
mountains which is sacred to us. That whoever constructs facilities in places like
Haleakala should understand that we should reserve the right to say what pono is and
what is not.
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Clarence Keli‘ionamoku Solomon
Manager — Sewage Plant, County of Maui
516 South Kikania Place, Waihe’e, Maui

October 12, 2005 at 4:00 p.m., interviewed at Velma Santos Community Center, Wailuku,
Maui:

He related that being involved in different groups for sovereignty and fighting for things
that should not be built on sacred sites; we have failed to stop the building of these
projects, and its time that we take a different approach. The Hawaiian people are on the
outside and are tired of losing to the State, County and Department of Land and Natural
Resources. That as native people of this land, we should try to get something for the
Hawaiian culture and fund Hawaiian cultural programs, funding for educating our
children in cultural things and using these faculties to further their education.

That if the telescope is going to be built, they must contribute financial resources to fund
cultural programs and education in the school. That as Hawaiians we should have a seat
at the table to decide how funds could be directed to further the cause of the Native
Hawaiians education.

The hard part is for us to convince our people to take a different approach and join forces
to sit on the bargaining table to get something for us. It is not a matter of selling out; it’s a
matter of waking up and making the facilities pay impact fees for the use of Haleakala.
Our children should be trained and some day could take over the management of
Haleakala so that they truly can “give back” to the culture.

He concluded by saying that scholarships and programs should be created for native
Hawaiian children to further their education in the field of astronomy and work up at
Haleakala.

Verna Nalani Podlewski
Secretary - Maui Land & Pineapple Co.
918 Nenelea St., Hali‘imaile Maui, Hawai’i

October 13, 2005 at 3:15 p.m., interviewed at 157 Alea Place, Pukalani, Maui:

She related that as a Native Hawaiian she is very concerned with this new technology that
may come to Haleakala. After reading the article in the Maui News, about the telescope,
she had fear and anger instilled in her. Her biggest fear is huge structures that will forever
be in our memory each time she looks at our precious mountain. She also does not like
the fact that a major facet of this structure will be the mirror. As it has been taught to her,
Haleakala is the house of the sun, where Maui captured the sun and asked the sun to slow
down so Kanaka could benefit from the sun’s power rays and each day she gain her
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strength and warmth from the sun. It's a scary thought that this mirror shall tell the sun
that she is no longer welcome in her home. Ehu ku‘u pu‘uwai a uwe Nalani.

Concluded that she is new at this and is trying to learn the cultural protocol to her culture.

Elizabeth Keala Han
Examiner of Chauffer — County Of Maui
272 Hiolani St., Pukalani, Maui Hawai‘i 96768

October 16, 2005 at 5:00 p.m., interviewed at 272 Hiolani St., Pukalani, Maui:

She stated that she was born in Lahaina and at a young age moved up to Waiakoa Kula.
That she attended Kealahou School and Maui High School in Hamakuapoko. She
remembers her mother and father talking about the sacredness of Haleakala but did not
know much about what happened in ancient times. She hopes that whatever is built on
the top of the mountain that they care for the sacredness of the place.

Eric Fredrickson
Archaeologist — Xamanek Researchers L.L.C.
P.O.Box 880131, Pukalani, Maui, Hawai‘i 96768

December 20, 2005 at 8:40 a.m., conducted a telephone interview.

He stated that he had been to the site on several occasions and that the last time was
December 15, 2005 with CKM Cultural Resources L.L.C. monitor Dane Maxwell. They
checked the entire area, and found that the only historical site being over 50 years old is
Reber Circle (50-50-11, 5443 State of Hawaii historical site number). There were no
archaeological sites found but possible site below Mees Observatory next to the roadway
was noticed and information on this site will be submitted in his report.

He concluded that the entire Kolekole area consisted of numerous wind shelters and
temporary shelter sites that indicate that the ancient Hawaiian people used the
mountaintop heavily in pre-contact times. The two altars that have been recently built
within the last several years should contain placards to indicate its presence.
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Interview Consent Form for Rowell T. Kim
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