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Figure 1.  Haleakala High Altitude Observatory Site location near the summit of and adjacent 

to Haleakala National Park, Maui, Hawaii. 

 

 
Figure 2.  Artist‟s rendering of proposed ATST telescope enclosure, support and operations 

building, and utility building as they will appear adjacent to several of the existing observatory 

buildings including the Mees and the Advanced Electro-Optical System facilities (NSF 2009).  
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governing variations in solar activity associated with climate changes on earth.  As a result of the 

construction and operation of the ATST facility, physical obstruction to the geometric line-of- 

sight for signals from the FAA‟s two existing 63-ft (19-m) tall towers (Remote Communication 

Air to Ground (RCAG) system) on Puu Kolekole could occur.  As such, the FAA proposes to, 

with the support of NSF, modify the existing FAA RCAG system with a high-gain design, 

allowing improved signal paths around the ATST facility.  This action consists of installing six 

swing arms and high-gain antennas on each of the two existing RCAG towers (12 swing arms 

and antennas total) and other upgrades to the existing towers. 

 

NSF has determined that the project is likely to adversely affect the federally endangered 

Hawaiian petrel (uau, Pterodroma sandwichensis (=Pterodroma phaeopygia sandwichensis) and 

the endangered Hawaiian goose (nene, Branta (=Nesochen) sandvicensis).  In addition, NSF 

requested Service concurrence that the proposed project is not likely to adversely affect five 

listed species: the endangered Hawaiian hoary bat (Lasiurus cinereus semotus), threatened 

Newell‟s shearwater (Puffinus auricularis newelli), endangered Blackburn's sphinx moth 

(Manduca blackburni), endangered Geranium multiflorum (nohoanu, many-flower geranium), 

the threatened Haleakala silversword (ahinahina, Argyroxiphium sandwicense subsp. 

macrocephalum) and critical habitat for Haleakala silversword and Geranium multiflorum.  We 

address these five species in section 7.0 SPECIES AND CRITICAL HABITAT:  NOT LIKELY 

TO ADVERSELY AFFECT section of this document. 

 

Impacts of the project to the seven listed species and designated critical habitat were addressed in 

the March 28, 2007, informal consultation on the construction and operation of the ATST at 

Haleakala Observatories on Maui, Hawaii.  Pursuant to 50 CFR § 402.16, NSF is requesting 

formal consultation because, following extensive coordination with the State of Hawaii, Division 

of Forestry and Wildlife (DOFAW) and Haleakala National Park (Park), new information 

revealed effects of the action that may affect listed species and designated critical habitat in a 

manner or to an extent not considered in 2007.  In addition, the construction timing and 

conservation measures have been modified in a manner such that the project will affect listed 

species in a manner that was not considered in the 2007, informal consultation.  The proposed 

project incorporates conservation/mitigation actions developed in coordination with DOFAW for 

adoption as a Habitat Conservation Plan (HCP) pursuant to Hawaii Revised Statute (H.R.S.) 

195D.  

 

This Biological Opinion provides a summary of the proposed facilities construction and 

maintenance along with detailed information outlining the avoidance, minimization, and 

conservation measures that will be implemented to minimize potential project impacts to the 

Hawaiian petrel and Hawaiian goose.  Information and documents used in our analysis include:  

(1) the July 2009, Final Environmental Impact Statement for the Advanced Technology Solar 

Telescope, Haleakala, Maui, Hawaii (NSF 2009); (2) effects analysis and anticipated levels of 

take drafted by NSF contractor Nick Holmes (Impacts of the Advanced Technology Solar 

Telescope Construction on Hawaiian Petrels, Pterodroma sandwichensis, Haleakala: 

Recommendations for Take Estimation and Monitoring (Homes, 2010a); and Impacts of the 

Advanced Technology Solar Telescope Construction on Hawaiian Petrels Pterodroma 

sandwichensis, Haleakala: Recommendations for Mitigation (2010b); (3) three risk analysis 

documents prepared in response to requests by the Service, entitled:  (a)  Acoustic Evaluation of 
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the ATST Mechanical Equipment Building (Phelps, unpublished); (b) Effect of Lightning Upon 

Burrowing and Tunneling Birds and Mammals Near ATST (Kithil, National Lightning Safety 

Institute, unpublished); and (c) Technical Response to Vibration Issues (Barr, unpublished 

2006); (4) peer-reviewed journal articles and unpublished literature; (5) information in our files; 

and, (6) information received in meetings, email, and telephone conversations held since June 

15, 2006.   

 

The proposed action is described in detail in the July 24, 2009, Final Environmental Impact 

Statement (FEIS) for the Advanced Technology Solar Telescope, and is summarized and refined 

in the project description portion of this Biological Opinion.  The project entails the following 

actions: 

 

1) Construction, maintenance, and operation of the ATST including:  

 

a. Demolition of existing driveway, parking area, and other items at the construction 

site; 

b. Grading, leveling, excavation,  and building fabrication with restrictions to traffic, 

equipment location, and vibration;  

c. Temporary road widening and subsequent vegetation restoration at the Park 

entrance station to accommodate wide loads;  

d. Visibility painting and taping of structures to minimize flight hazards to Hawaiian 

petrels; 

e. Invasive species interdiction and control; and, 

f. Long-term predator control. 

 

2) Modification and 25-year operation and maintenance of two FAA towers.  

 

3) Fencing and predator control within a 328-acre (ac) (133-hectare (ha)) 

conservation/mitigation site to offset adverse project impacts to the Hawaiian petrel. 

 

4) Monitoring project impacts and conservation benefits of the project to the Hawaiian 

petrel. 

 

5) Development and installation of traffic calming devices on the Park road to minimize 

impacts of all traffic to the Hawaiian goose. 

 

6) Monitoring project impacts to the Hawaiian goose. 

 

7) Propagating and planting 300 Haleakala silverswords. 

 

 

1.0 CONSULTATION HISTORY 

 

In 2009 and 2010, the Service, Park, DOFAW, and NSF worked cooperatively to refine the 

project timeline and incorporate the following conservation measures to minimize and offset 

project impacts to the Hawaiian petrel and Hawaiian goose:  (1) further minimize flight obstacles 
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by pre-painting building frame and lattice structures white; (2) increase the Hawaiian petrel 

population on Haleakala by fencing and expanding predator control efforts to a 328-ac (133-ha) 

conservation area; and (3) developing and installing traffic calming devices on the Park road to 

minimize impacts of all traffic to the Hawaiian goose.   

 

The following meetings and telephone conference calls were held to refine the proposed project.  

See Appendix A for a complete list of individuals mentioned below and their positions within 

their respective organizations.       

 

September 24, 2009.  In an interagency conference call, NSF Assistant General Counsel Caroline 

Blanco requested Service and DOFAW coordination regarding development of a HCP to address 

project impacts pursuant to Hawaii Revised Statute 195D-21.   

 

September 30, 2009.  DOFAW (Scott Fretz, Lauren Goodmiller, and Jay Penniman), and the 

Service (Patrice Ashfield, Dawn Greenlee, Annie Marshall, Holly Freifeld, and Megan Laut) met 

to discuss coordination of DOFAW‟s habitat conservation planning and the formal consultation 

processes. 

 

October 1, 2009.  Service (Dawn Greenlee and Patrice Ashfield), DOFAW (Scott Fretz), NSF 

(Caroline Blanco); Park (Cathleen Bailey, Cari Kreshak, and Sarah Creachbaum); Institute for 

Astronomy (Michael Maberry); KC Environmental, Inc. (Charlie Fein and Sharon Loando-

Monro) discussed integration of NSF‟s HCP with the Service‟s Biological Opinion via 

conference call. 

 

October 3, 2009.  NSF (Caroline Blanco) emailed the Service requesting our concurrence with 

NSF‟s determination that three modifications to the proposed ATST project: (1) temporary 

clearing of 0.06 ac (0.02 ha) of vegetation in the vicinity of the Park entrance station; (2) 

additional restriction to night-time vehicle traffic; and (3) additional restriction to the timing of 

the daily construction period, will have no effect to listed species or designated critical habitat, or 

do not change the project as it was addressed in the 2007, informal consultation. 

 

October 5, 2009.  Service (Dawn Greenlee); DOFAW (Scott Fretz and Lauren Goodmiller); NSF 

(Caroline Blanco); Park (Cathleen Bailey and Sarah Creachbaum); Institute for Astronomy 

(Michael Maberry); KC Environmental, Inc. (Charlie Fein) provided NSF with technical 

assistance regarding the process for determining estimated levels of take and recommended 

measures to offset take of Hawaiian petrel via a conference call. 

 

October 14, 2009.  Via conference call, Service (Dawn Greenlee); DOFAW (Lauren 

Goodmiller); NSF (Caroline Blanco and Dana Thibodeau; Park (Cathleen Bailey); Institute for 

Astronomy (Michael Maberry); KC Environmental, Inc. (Charlie Fein) discussed joint 

DOFAW/Service timelines and calculations for an NSF-funded Hawaiian petrel biologist to 

assist in assessing project impacts and developing conservation/mitigation measures. 

 

October 27, 2009.  Via conference call, Service (Dawn Greenlee); DOFAW (Fern Duvall, Scott 

Fretz and Lauren Goodmiller); NSF (Caroline Blanco); Park (Cathleen Bailey and Darcy Hu);  

Institute for Astronomy (Michael Maberry); KC Environmental, Inc. (Charlie Fein) discussed 
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information from the Park regarding impacts of vehicle exhaust to burrow-nesting Hawaiian 

petrels.  NSF agreed no construction vehicle or equipment, except for the construction crane, will 

be left idling for more than three minutes.  

 

October 28, 2009.  Service (Dawn Greenlee and Patrice Ashfield) and DOFAW (Scott Fretz and 

Lauren Goodmiller) met to coordinate development of the joint Biological Opinion/HCP.  

 

November 6, 2009.  Park (Cathleen Bailey) provided information via email regarding three 

vehicle accidents in which the vehicles, their loads, or diesel fuel spilled beyond the travel lane.  

 

November 16, 2009.  In a meeting at the Institute for Astronomy office on Maui, Service (Holly 

Freifeld and Dawn Greenlee), DOFAW (Fern Duvall, Scott Fretz, and Lauren Goodmiller), Park 

(Cathleen Bailey), and NSF/DOFAW Nick Holmes, met to discuss anticipated levels of take of 

Hawaiian petrels resulting from elevated disturbance during the prospecting (pre-egg-laying) 

period (approximately February 1 through April 20) were likely to be substantially greater than 

we had anticipated in our 2007 consultation.   

 

November 20, 2009.  In response to NSF‟s (Caroline Blanco) October 3, 2009, email, the Service 

(Patrice Ashfield) provided NSF with email confirmation that temporary vegetation clearing at 

the Park entrance station would not result in long-term impacts to the Hawaiian goose and that 

additional restrictions to night-time vehicle traffic and timing of daily construction will result in 

no effect to listed species as addressed in the 2007 consultation.    

 

November 23, 2009.  Via conference call, DOFAW (Lauren Goodmiller), NSF (Caroline 

Blanco), Park (Cathleen Bailey), National Solar Observatory (Rex Hunter ), Institute for 

Astronomy (Michael Maberry), KC Environmental, Inc. (Charlie Fein) discussed details of the 

construction to refine anticipated project impacts. 

 

November 24, 2009.  In a telephone conference call, NSF/DOFAW (Nick Holmes) and Park 

(Cathleen Bailey) discussed concerns about cumulative impacts on petrels from construction 

activities including exhaust, noise, vibration, dust, etc., with Service (Dawn Greenlee).  Park 

(Cathleen Bailey) shared additional data to further refine estimated impacts of noise, vibration, 

and other disturbance to breeding Hawaiian petrels. 

 

December 9, 2009.  In a meeting at the Institute for Astronomy office on Maui, Service (Patrice 

Ashfield and Dawn Greenlee); DOFAW (Fern Duvall and Scott Fretz); NSF (Caroline Blanco, 

Jeremy Wagner, Jennifer Ditsler, Pat Eliason); Park (Cathleen Bailey and (via telephone) Darcy 

Hu); Institute for Astronomy (Michael Maberry); KC Environmental, Inc. (Charlie Fein and 

Sharon Loando-Monro), and NSF/DOFAW (Nick Holmes) met to discuss anticipated project 

impacts, project monitoring, and potential conservation/mitigation measures to offset take. 

 

December 11, 2009.  NSF (Caroline Blanco, Tony Gibson), National Solar Observatory (Jeremy 

Wagner), and Institute for Astronomy (Michael Maberry) met with Park (Cathleen Bailey) at the 

Park and visited the proposed ATST construction site and conservation/mitigation area. 
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December 14, 2009.  NSF (Caroline Blanco and Tony Gibson) met with Service (Patrice 

Ashfield and Jeff Newman) to discuss a Haleakala silversword outplanting project and 

DOFAW/Service coordination.  

 

December 16, 2009.  National Solar Observatory engineers provided storyboards detailing 

excavation, framing, and other aspects of the construction schedule.  

 

December 22, 2009.  KC Environmental, Inc. (Charlie Fein) provided details of a site-specific 

noise study he conducted to confirm estimates of impacts from construction activities based on 

three zones developed by Park (Cathleen Bailey) and NSF/DOFAW (Nick Holmes) in November 

and December, 2009. 

 

December 23, 2009.  DOFAW (Scott Fretz, Lauren Goodmiller), NSF/DOFAW (Nick Holmes), 

Service (Dawn Greenlee), NSF (Caroline Blanco), KC Environmental, Inc. (Charlie Fein), and 

National Solar Observatory engineers discussed, via conference call, the conservation/mitigation 

fencing project, construction schedule, building dimension details, and crane placement details. 

 

January 4, 2010.  Via conference call, NSF/DOFAW (Nick Holmes); Service (Dawn Greenlee); 

NSF (Caroline Blanco); and KC Environmental, Inc. (Charlie Fein) discussed details of Nick 

Holmes‟ (2009) project effects analysis in addition to the proposed fencing project. 

 

January 7, 2010.  Via conference call, DOFAW (Scott Fretz and Lauren Goodmiller), via 

conference call, Service (Patrice Ashfield and Dawn Greenlee), NSF (Craig Foltz and Caroline 

Blanco), KC Environmental, Inc. (Charlie Fein and Sharon Loando-Monro), National Solar 

Observatory (Rex Hunter), and Institute for Astronomy (Michael Maberry) discussed Nick 

Holmes‟ (2009) project effects analysis.  In addition NSF finalized the change to the project 

description to shorten the total construction timeline by a year (by working through the Hawaiian 

petrel incubation period).  Three potential Hawaiian goose conservation projects were also 

discussed. 

 

January 12, 2010.  Via conference call, DOFAW (Lauren Goodmiller and Fern Duvall), 

NSF/DOFAW (Nick Holmes), Service (Dawn Greenlee), NSF (Caroline Blanco), KC 

Environmental, Inc. (Charlie Fein and Sharon Loando-Monro), National Solar Observatory 

(Jeremy Wagner and Rex Hunter ), and Institute for Astronomy (Michael Maberry) discussed 

completion of various sections of the draft joint Biological Opinion/HCP document. 

 

January 12, 2010.  The Nene Recovery Action Group (NRAG) provided the Service with a 

document entitled “Take of Nene from the Proposed Advanced Technology Solar Telescope:   

A discussion of the Nene Recovery Action Group” (NRAG 2010).  The NRAG is a group of 

biologists from agencies including the Service, the Park, and DOFAW, who communicate and 

coordinate on technical issues pertaining to Hawaiian goose conservation and recovery. 

 

January 17, 2010.  The revised Project Description of this Biological Opinion was submitted to 

the Service.  NSF, DOFAW, and Service staff refined the remaining portions of the draft joint 

Biological Opinion/HCP for submittal to the Endangered Species Recovery Committee pursuant 

to Hawaii Revised Statute 195D. 
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February 16, 2010.  The Endangered Species Recovery Committee visited the construction and 

proposed conservation/mitigation fence areas.  The site visit was also attended by DOFAW 

(Lauren Goodmiller, Scott Fretz, and Fern Duvall), NSF/DOFAW (Nick Holmes), Service (Bill 

Standley), NSF (Craig Foltz, Caroline Blanco), KC Environmental, Inc. (Charlie Fein, Sharon 

Loando-Monro), National Solar Observatory (Jeremy Wagner, Rex Hunter, Jennifer Ditsler, and 

Pat Eliason), and Institute for Astronomy (Michael Maberry). 

 

February 18, 2010.  The NSF (Craig Foltz, Caroline Blanco), KC Environmental, Inc. (Charlie 

Fein, Sharon Loando-Monro), and National Solar Observatory (Jeremy Wagner, Rex Hunter, 

Jennifer Ditsler, and Pat Eliason) presented the details of the draft foint Biolgocail Opinion/HCP 

to the Endangered Species Recovery Committee, pursuant to Hawaii Revised Statue 195D.  Fern 

Duvall, Scott Fretz (DOFAW); Jeff Newman, Patrice Ashfield, Dawn Greenlee (Service); and, 

Jim Jacobi (USGS) provided comments on the draft joint Biological Opinion/HCP document to 

the NSF.  The Endangered Species Recovery Committee recommended submission of the draft 

joint Biological Opinion/HCP to the Board of Land and Natural Resources and that it be made 

available for public review. 

 

April 12, 2010.  Scott Fretz (DOFAW) left Patrice Ashfield (Service) a voice mail indicating he 

recommended the joint Biological Opinion/HCP be separated into two documents and that NSF 

submit only the draft HCP to the Board of Land and Natural Resources for public review. 

 

December 6, 2010.  The NSF provided a final project description to the Service (via email from 

CH2M Hill (Leslie Tice)).  KC Environmental, Inc. (Charlie Fein) provided the Endangered 

Species Recovery Committee with a project update and the Endangered Species Recovery 

Committee referred the NSF‟s draft HCP to the Board of Land and Natural Resources for 

approval.   

 

December 18, 2010.  KC Environmental, Inc. (Charlie Fein) emailed GIS data from Hawaiian 

petrel surveys conducted in the proposed Hawaiian petrel conservation/mitigation project area to 

the Service (Dawn Greenlee). 

 

January 18, 2011 and January 21, 2011.  NSF (Caroline Blanco), KC Environmental, Inc. 

(Charlie Fein), CH2MHill (Leslie Tice), and the Service (Dawn Greenlee) discussed 

incorporating upgrades to two FAA towers to ensure ATST structures would not block the 

function of the towers. 

 

January 21, 2011.  The NSF (Craig Foltz, Caroline Blanco) and National Solar Observatory (Rex 

Hunter) met with the Service (Dawn Greenlee) and the U.S. Coast Guard (Dennis Mead) to 

coordinate bird strike fatality monitoring efforts at the Haleakala Observatories site. 

 

January 31, 2011.  NSF (Caroline Blanco), KC Environmental, Inc. (Charlie Fein), CH2MHill 

(Leslie Tice), FAA (Pat Walsh) and the Service (Dawn Greenlee) discussed the FAA tower 

proposed modifications.    
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April 20, 2011.  CH2MHill (Leslie Tice) provided the Service (Dawn Greenlee) with an updated 

project description reflecting proposed modifications to the FAA towers. 

 

May 6, 2011.  NSF (Caroline Blanco), KC Environmental, Inc. (Charlie Fein), CH2MHill (Leslie 

Tice), FAA (Pat Walsh) and the Service (Patrice Ashfield and Dawn Greenlee) discussed the 

FAA towers and integration of the proposed modifications into this Biological Opinion.    

 

May 9, 2011.  NSF (Caroline Blanco), FAA (Pat Walsh) and the Service (Patrice Ashfield and 

Dawn Greenlee) discussed the proposed FAA tower modifications and the effects to the 

Hawaiian petrel.   

 

May 16, 2011.  The Department of Interior, Office of the Solicitor (Diane Hoobler) and FAA‟s 

solicitor (Joseph Manalili) discussed FAA participation in the consultation on the construction 

and operation of the ATST at the Haleakala High Altitude Observatory site on Maui.  

 

June 6, 2011.  The Service received NSF‟s letter dated May 31, 2011, requesting initiation of 

formal consultation to address adverse project impacts to the Hawaiian petrel and Hawaiian 

goose.  The letter also requested the Service‟s concurrence with the NSF‟s determination the 

proposed project is not likely to adversely affect the Hawaiian hoary bat, Newell‟s shearwater, 

Blackburn‟s sphinx moth, Haleakala silversword, and Geranium multiflorum, and critical habitat 

for the Haleakala silversword and Geranium multiflorum.   

 

2.0 ACTION AREA / GEOGRAPHIC AREA ENCOMPASSED BY THE PROJECT 

 

The ATST action area (Figure 3) encompasses the area within which the project may affect the 

Hawaiian petrel and Hawaiian goose.  The action area encompasses locations where both adverse 

and beneficial impacts may occur.  As such, the action area includes sites which may be exposed 

to stressors including project-related noise, vibration, traffic, and flight obstacles.  In addition, it 

encompasses areas that will be protected with conservation/mitigation fencing and management, 

and areas within which monitoring will occur.   

 

A portion of the action area was delineated due to the effect of noise from project construction 

on Hawaiian petrels.  Sound energy level at various frequencies is measured in decibels (dB).  

The A-weighted decibel scale (dBA) was developed to represent the response of the human ear 

to sound.  The loudest truck noise permitted by Environmental Protection Agency (EPA) 

standards is 83 dBA (when measured at 50 ft), and the loudest equipment proposed for use at the 

ATST construction site are rock hammers and rock drills, which produce up to 113 dBA 

(measured at 10 ft).  For the purposes of delineating the action area on the landscape scale, sound 

attenuation was assumed to be only 6 dBA per doubling of distance, with no additional 

attenuation assumed to occur for either atmosphere or vegetation (NSF 2006).  Along a 0.9 mi 

(1.5 km) portion of the Park, the action area follows a cliff edge, where the terrain serves as a 

barrier to road noise.  More detailed assessment of anticipated noise levels in the immediate 

vicinity of the construction site is provided in the effects analysis section of this Biological 

Opinion (see Anticipated Construction Noise Levels section).  Pursuant to a thorough literature 

search (Awbrey and Hunsaker 1997, Mock and Tavares 1997, Delaney et al. 1999, South San 

Francisco Ferry Terminal Project EA 2003), and additional information regarding existing Park  
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Figure 3.  Delineation of the ATST action area, including conservation/mitigation and 

monitoring sites. 
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road traffic volume, vegetation and topographic shielding, and avian noise habituation, 65 dBA 

contour, where there is a clear line of sight to the noise source, was selected as the outer extent of 

the portion of the action area dictated by noise.  Because no specific burrow depth or orientation 

information was available for the burrows along the road, a burrow attenuation rate of 5 dBA 

was applied to each burrow for the creation of the action area: therefore, all burrows, (based on 

these conservative calculations) may be exposed to a sound level of 60 dBA as a result of the 

proposed action, and were considered to be within the action area.  Based on these conservative 

attenuation rates, the action area perimeter is 400 ft (122 m) from the road and 2,560 ft (780 m) 

from the outer edges of the construction site.  The total area encompassed by the portion of the 

action area within which impacts of construction, maintenance, and operation of the ATST may 

occur is approximately 1,418 ac (574 ha).  In addition, several hundred ac within the Kula Forest 

Reserve, Kahikinui Forest Reserve, and Park may also be affected by proposed Hawaiian petrel 

monitoring and Haleakala silversword management actions. 

 

The NSF will fund the construction and use of the ATST within the 18.2-ac (7.4-ha) University 

of Hawaii Institute for Astronomy, Haleakala High Altitude Observatory Site (Haleakala 

Observatories), on Maui, Hawaii.  Near the peak of a large shield volcano, at an elevation of 

9,980 feet (ft) (3,042 m), the Haleakala Observatories site is one of the prime sites in the world 

for astronomical and space surveillance activities (see Figure 1).  There are seven existing 

observatories on Haleakala comprised of astronomical facilities and the Air Force Maui Space 

Surveillance Complex.  Two small adjacent properties host facilities of the U.S. Department of 

Energy, U.S. Coast Guard, the FAA, the Maui Police Department, Federal Bureau of 

Investigation, and other agencies (see Figure 2).  NSF selected Haleakala as the preferred 

location for the ATST project after evaluating 72 sites around the world.   

 

2.1 Proposed Hawaiian Petrel Conservation/Mitigation Site Location 

 

A 328-ac (133-ha) mitigation area surrounding the Haleakala Observatories, adjacent to the 

western perimeter of Haleakala National Park, will be fenced and managed (Figure 4).  All land 

within the conservation/mitigation area is unencumbered land owned by the State.  The site is 

within Maui County Tax Map Key (TMK) 2-2-2-007-005, which surrounds and contains other 

smaller parcels, including the 18.2-ac Haleakala Observatories site, along with the former 

General Broadcasting Area, which was restored to its undeveloped condition in early 2009.  One 

parcel (the Haleakala Observatories site) is managed under Executive Order 1987 by the 

University of Hawaii.  Two other properties are managed by Federal agencies (the Federal 

Aviation Administration and the Department of Energy).  The State of Hawaii is in the process 

of implementing appropriate administration for fencing and Hawaiian petrel management within 

the conservation/mitigation area (F. Duvall pers. comm. 2010).  The site includes all 

observatories, broadcast facilities, communication towers, and other structures collectively 

known as “Science City,” plus the portion of Skyline Trail dissecting the site from the northeast 

to southwest.  Culturally significant sites exist in the region and have been extensively analyzed 

by NSF, as reflected in its Final Environmental Impact Statement (FEIS) for the ATST (NSF 

2009, Section 3.2.1).  The Kula Forest Reserve and the Kahikinui Forest Reserve are adjacent 

properties on the north and south sides of the conservation/mitigation area (see Figure 3).  The 

conservation/mitigation area contains a number of cinder cones, of which Puu Kolekole is the 

highest in elevation.  This cone is about 0.3 mi (0.5 km) from the highest point on the mountain, 
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Puu Ulaula (Red Hill) Overlook, which is in the Park and outside of the unencumbered State 

lands.  The Puu Kolekole cinder cone lies near the apex of the southwest rift zone of the 

mountain.  The rift zone forms a spine which separates the Kula Forest Reserve from the 

Kahikinui Forest Reserve.  

 

 
Figure 4.  Proposed ATST Hawaiian petrel conservation/mitigation area (bounded by 

outer red perimeter lines). 

 

3.0 PROJECT DESCRIPTION 

 

3.1 Construction, Maintenance, and Operation of the ATST 

 

The new facility will be constructed on an approximately 0.7-ac (0.3-ha) site consisting of 

cinder, lava, and ash deposits.  The completed observatory enclosure will be a maximum of 

142.7 ft (43.5 m) high and 84 ft (25.6 m) in diameter (Figure 5).  The attached support and 

operations building will be several stories high in order to accommodate a large receiving bay, 

large platform lift, offices, and laboratories.  The utility building will provide space for 

mechanical and electrical equipment including a generator, very-low-temperature chiller, ice 

storage tanks, a 10-ton heat pump condenser unit and uninterruptible power supply units.  There 

will be a utility and ventilation tunnel connecting the utility building to the support and 

operations building.  Additional support structures will include a subsurface grounding field for 

observatory equipment that also includes lightning protection, a wastewater treatment plant and 

infiltration well, and a storm water management system designed to provide potable water to the 

facility (NSF 2009, Section 2.4.1).  
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Project Schedule 

Construction is scheduled to begin as early as fall 2011 and will occur in various phases 

including site preparation and foundation work.  Construction of the exteriors of the buildings 

and enclosures is anticipated to be completed within five years.  Interior work and telescope 

integration, testing, and commissioning will be completed within the next two years.  The 

telescope is scheduled for operation and use through the year 2060. 

 

 
Figure 5.  ATST construction site. 

 

Demolition 

The existing Mees Solar Observatory driveway, parking area and rock wall borders, and other 

selected items at the Mees Solar Observatory utility area will be demolished and removed.  

Demolition will be staged and will occur throughout the construction period.  Demolition will 

require the use of bulldozers, dump trucks, bobcats, and other heavy machinery will take 

approximately 60 days of the construction timeline.   

 

Grading and Leveling 

The construction will require the creation of a level pad at least 20 ft (6 m) wider, in all 

directions, than the footprint of the telescope enclosure and the support and operations building.  

The grade cut will be made at approximately the 9,980 ft (3,042 m) contour elevation, the 

removal of a maximum of approximately 10 ft (3 m) of material from the highest portions of the 

site.  This will be done using a bulldozer, backhoe, trencher, hoe ram, dump trucks, and other 

heavy equipment.  No digging, trenching, or other type of earth removal work, associated with 

the lightning protection system, will be done within 40 ft (12 m) of any occupied Hawaiian petrel 

burrow.  An estimated eight vehicles will travel to and from the site on a daily basis during a 

one-month period to complete this activity.   

 

Excavation and Soil Retention 

Initial major excavation will include removal of approximately 4,650 cubic yards (3,555 cubic 

meters) of rock and soil to accommodate the foundation systems for the proposed structures.  
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This work will be done using bulldozers, backhoe, trencher, a truck-mounted auger for drilling 

down to bedrock, and a hydraulic hammer or jackhammers to break up large rock formations.  A 

relatively undisturbed rocky site will be graded and leveled to approximately 2 ft (0.6 m) above 

the floor elevation of the Mees building (shown in the background in Figure 5) to accommodate 

construction of the ATST enclosure and concrete apron.  Additional excavation will be needed in 

order to trench for utility lines (Figure 6), all of which will be installed underground.  The major 

structural excavation is expected to follow the leveling work and take approximately two months 

to complete.  Due to compression characteristics of the soil at Haleakala Observatories, there 

most likely will not be any soil remaining within the ground disturbance area after construction 

of the ATST structures begin.  If there is any excess soil or rock removed from the construction 

site it will be deposited in designated soil placement areas (Figures 7 and 8). 

 

 
Figure 6.  Excavation showing additional  trenching 

 

Construction Cranes   

During the five years of building construction, a construction crane will be located just north of 

the telescope enclosure, between the enclosure and the access road (Fein pers. comm. 2006c) 

(Figure 9).  A smaller crane will be used on all sides of the telescope structure to maneuver 

materials to a height of approximately 100 ft (30 m).  To ensure this smaller crane does not crush 

any Hawaiian petrel burrows when it moves away from the existing road, the project site 

manager will install temporary marking to delineate the maximum extent of the crane‟s 

operation.  To minimize and avoid the flight risk to birds between February 1 and November 30, 

the cranes‟ lattice structures will be lowered parallel to the roadway each night, resting no higher 

than 14 ft (4.3 m) from the ground, and the booms will be painted white or marked at night with 

visible white electric fence polytape.  If the boom structures are not painted white, then white, 

non-reflective electric fencing polytape will be secured to all sides of the entire boom portion of 

the crane each night.  The polytape strips would form a grid, with vertical and horizontal strips of 

polytape running a minimum of every 12 in (30.5 cm).  The specific method of attachment would 

be finalized after coordination with the crane contractor.  The polytape grid might be sewn to a 

canvas fabric to be thrown over the crane boom at night, a sewn matrix of tape might be pulled 

over the boom, or another method may be employed to secure the grid of polytape to the crane.  
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Figure 7.  Stormwater drainage, domestic water catchment, and soil placement plan map. 

 

 
Figure 8.  Primary proposed soil placement Area A, which will also serve as the equipment 

staging area, is a previously disturbed site. 

 

Building Fabrication 

During fabrication of the telescope pier, upper enclosure, and support and operations building 

there will be periods in which the frame of the structures is exposed.  The framing materials, 

which range in size from approximately 8 in (20 cm) to approximately 24 in (61 cm) in diameter, 

will be pre-painted white prior to installation (Figure 9).     
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Figure 9.  Framing for the telescope pier and support and operations building and the telescope 

enclosure will be pre-painted white prior to installation.  (Diagrams do not accurately represent 

the size of the smaller construction crane.) 

 

Federal Aviation Administration Tower Upgrades 

The 35-year old existing FAA Remote Communication Air to Ground (RCAG) facility on Puu 

Kolekole is located approximately 800 ft (244 m) west of the future ATST facility.  The RCAG 

facility consists of two communication towers and a 400 square ft (37.2 square m) utility 

building (Figure10) and their function is to maintain two sets of frequencies for contact with 

interisland air traffic down to 8,000 ft elevation.  As a result of the addition of the ATST facility, 

physical obstruction to the geometric line-of-sight for signals from the RCAG could occur.  

These frequencies could experience attenuation, which would be defined as signal loss in a 

narrow swath of 7 degrees, originating at the RCAG antennas and intersecting the width of the 

ATST facility, about 800 ft away.  As such, the FAA proposes to, with the support of NSF, 

modify the existing design of the FAA RCAG towers with a high-gain design, allowing 

improved signal paths around the ATST facility.  This action consists of installing six, 4-ft swing 

arms and high-gain antennas on each of the two existing RCAG towers (12 swing arms and 

antennas total), constructing and installing a new ladder and extending the existing platform on 

each RCAG tower by 2 ft (0.6 m) in one direction to meet Occupational Safety and Health 

Administration standards, and relocating or replacing existing antennas with new high-gain 

antennas.  Other upgrades include replacing corroded bolts and nuts that have weathered over 

time.  There will be no change in the tower height.  Each of the two 35-year old existing towers 

is 63-ft (19-m) tall with a 10-ft (3-m) wide base that tapers to 4 ft (1 m) and a 10-ft (3-m) wide 

platform.  Clusters of 15-ft (4.6-m) to 20-ft (6.1-m) tall antennas are fixed to the top of the 

platforms, adding to the height of the existing structures.  The towers and their fixtures have a 

maximum height of 83.5 ft (25.4 m), a maximum width of 17 ft (5.2 m), and an average width of 

7.2 ft (2.2 m).   
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Figure 10.  Two Existing FAA RCAG Towers and utility buildings adjacent to an existing U.S. 

Coast Guard tower. 

 

Each swing arm will be silver-grey in color and non-reflective and will extend 4 ft (1.2 m) 

horizontally from the tower in four directions.  Each swing arm will measure 1.5 in (3.8 cm) in 

diameter.  Tower upgrades will take approximately three weeks, depending on weather.  

Construction activities will be restricted to December through the end of February when 

Hawaiian petrels are absent from the site.  Construction vehicles will include four vehicles on-

site each day for the three week period for installation and testing including two pickup trucks, 

one passenger car, and one flat-bed truck; no heavy machinery will be needed.  Vehicle and 

material staging will occur in the work area.  A botanical specialist will inspect the area prior to 

staging and ground work to ensure Hawaiian silverswords are not impacted.  Maintenance 

vehicles will access the towers during daylight hours approximately one to three times per month 

during the 25-year operation of the towers.  Each building is outfitted with two 30-ft (9.1-m) tall 

monopole antennas (pictured).  Ongoing maintenance activities include running an enclosed 

generator for four hours each month.   

Vibration Restrictions and Monitoring  

The sources of maximum vibration during ATST construction are shown in Table 1.  Ground 

vibration will be monitored with seismographic equipment that utilizes sensitive geophones 

appropriate to detect vibration between 0.001 in/sec and the 0.12 in/sec peak particle velocity 

Hawaiian petrel burrow safety threshold.  The equipment will be a MiniSeis 8G, 4-channel 

seismograph manufactured by LARCOR/White Seismology (http://www.whiteseis.com/ 

Seismographs.html), which are appropriate for monitoring vibration from heavy construction 

equipment.  At least two units will be deployed adjacent to the entrances to the Hawaiian petrel 
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burrows nearest to the source of the vibration.  The units will be operational and archiving data 

during all periods of construction when ground disturbance work is being done, including 

excavation.  When only concrete pouring and fabrication of the telescope buildings is being 

done, vibration will not be monitored.  Sensors will be equipped with an auto-call feature for 

reporting events that meet or exceed a defined trigger level.  The auto-call feature would send an 

alert by cell phone or telephone, and e-mail to the ATST project site manager if the sensors 

register a vibration of 0.08 in/sec or greater.  This would provide the project site manager with an 

early warning that the on-site activity was causing vibration that warrants close monitoring.  A 

vibration of 0.12 in/sec or greater is not expected to occur at any Hawaiian petrel burrow as a 

result of ATST construction activity.  Any vibration of 0.12 in/sec or greater, measured at a 

Hawaiian petrel burrow would be reported in writing to the Service and DOFAW within one 

week.  The report will include a physical assessment of burrows numbered 21 and 40 (if they are 

believed to be free of Hawaiian petrels and Hawaiian petrel eggs) as well as a description of 

additional measures to be taken to minimize the likelihood future site work will cause the 

vibration threshold to be exceeded. 

 

Table 1.  Maximum calculated ground vibration expected at various distances from construction 

equipment. 

Equipment or Activity 

Maximum Vibration Expected (PPV in/sec) 

25 ft* (7.6 m) 50 ft (15.2 m) 100 ft (30.5 m) 200 ft (61 m) 

Large bulldozer, hoe ram 0.089 0.022 0.006 0.001 

Loaded trucks 0.076 0.019 0.005 0.001 

Jackhammer 0.035 0.009 0.002 0.001 

Small Bulldozer 0.003 0.001 0.000 0.000 
*U.S. DOT, Federal Transit Administration, 2006. 

 

Construction Noise Monitoring   

To correlate observed Hawaiian petrel behavior with construction noise, a minimum of two 

microphones or other type of sound level (dBA) meters will be installed adjacent to Hawaiian 

petrel burrow number 40.  One microphone will be installed within 16 ft (5 m) of burrow number 

40 at a location where it has a direct line of sight view of the ATST construction site.  The other 

microphone will be installed at the opening to burrow number 40.  This is the closest burrow to 

the construction site and therefore it is the most likely to be impacted by construction 

disturbance.  The noise monitoring equipment will archive sound data throughout the 

construction of the ATST facility.   

 

Video surveillance at the entrance to burrow number 40 may also enable assessment of changes 

in Hawaiian petrel behavior resulting from noise events.  Motion-triggered digital infrared and 

visible spectrum cameras have been mounted at the entrances to the burrows in the Haleakala 

Observatories site colony, adjacent to the ATST construction site.  Most of the burrow cameras 

are mounted outside burrow entrances so that the bird is visible only when it is at the entrance.  

Several of the cameras are mounted in the burrows, so that the nesting activity of the birds can be 

monitored.  Pre-construction data was gathered beginning in 2006 and during each successive 

year. 
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Vehicular Activities - Construction, Maintenance, and ATST Staff 

It is estimated that during the six year construction, integration, and commissioning phases of the 

project, a total of up to 25,000 round-trips by construction vehicles (primarily trucks) will occur.  

During the 13 subsequent years of operation and maintenance, approximately 28,470 personal 

vehicle and 195 truck round-trips will access the site.  In sum, 53,665 total vehicle round-trips 

will access the ATST site during the 50 year period of analysis.  To minimize impacts to nesting 

Hawaiian petrels, no truck traffic within the Park and no construction activities at the ATST site 

will occur during the time-frame from 30 minutes after sunset to 30 minutes prior to sunrise.  

Vehicle lights are not permitted at any time within the Haleakala Observatories site. 

 

Temporary Road Widening at Park Entrance Station 

To accommodate wide loads during the construction phase of the project, an approximately 200-

ft (60-m) long portion of the Park road, on the uphill side of the Park entrance station will be 

widened by a maximum of 12 ft (3.8 m) (Figure 11).  A total of approximately 0.06 ac (0.02 ha) 

will be disturbed.  Road widening will occur between April 15 and September 30 and periodic 

maintenance will occur as necessary.   

 

During the road widening and demolition phases, personnel will be posted to monitor the site to 

ensure Hawaiian geese are kept away from the area.  The widened road may be in place for a 

period not to exceed seven years.  NSF will work with the Park to revegetate the widened road 

area with native plants that are not attractive to the Hawaiian goose.  To simplify biological 

sanitation aspects of planting, all plants will be propagated within the Park‟s greenhouse 

facilities using seed collected from adult plants growing as close to the restoration site as 

practical.  Woody plants will be grown for approximately two years in the greenhouse.  Non-

native plants will be managed using herbicide or mechanical means to prevent their density from 

exceeding 5 percent (throughout the disturbed area) for a period of 10 years, after which 

vegetation at the restoration site will no longer be managed by NSF.  NSF and a qualified 

botanical specialist will coordinate with the Park to adaptively manage the restoration area over 

the 10-year period.  NSF-funded Park biological technicians or contracted biologists approved by 

the Park will implement the project. 

 

Infrastructure Maintenance 

When ground disturbance activities are necessary to, for instance, maintain ATST infrastructure 

such as the lightning protection, wastewater treatment, and storm water management systems, 

the site will be surveyed to ensure the no listed species will be disturbed as a result of the 

maintenance activity.   
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Figure 11.  Area to be disturbed by temporary road widening at the Park entrance station. 

 

Conservation Measures 

 

Invasive Species Interdiction and Control 

To reduce the risk of transporting non-native species or seeds to the project site, NSF has 

proposed the following measures.  The Hawaii Department of Land and Natural Resources 

(DLNR)-approved Haleakala Observatories Management Plan for the prevention of introduction 

of invasive non-native weed species will be followed during the construction, maintenance, and 

use of the ATST.  The five specific non-native arthropod control measures listed below (see 

Specific Non-Native Arthropod Measures to be Implemented) will be implemented to minimize 

impacts to native species and habitats, as well as minimizing attraction of predators.     

 

As part of the Special Use Permit process with the Park, minimization measures will be 

developed that will include the following conditions.  In order to ensure that destructive, non-
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native species are not introduced to the Park or Haleakala Observatories, the ATST project site 

manager will cooperate with the Park in developing and implementing a construction worker 

education program that informs workers of the damage that can be done by unwanted pest 

introductions.  Satisfactory fulfillment of this requirement will be evidenced by successful 

completion of  training approved by the Park and administered by the contractor under Institute 

for Astronomy supervision.  All workers bringing vehicles into Haleakala Observatories will be 

required to complete the education program before beginning work on the site.  In addition, all 

construction vehicles will be pressure washed to remove all organic matter and insects before 

transporting material into or through the Park.  Any equipment, supplies, and containers with 

construction materials  that originate from elsewhere (i.e., the other islands or the mainland) must be 

checked for non-native plant and animal species by a qualified biologist or agricultural inspector prior to 

being transported to the summit. (UH Institute for Astronomy 2010, Section 3.5.3.2a).     

 

In addition, to prevent the introduction of invasive non-native species to the project area, 

documentation of all inspections, including the name and contact information for the inspector 

will be maintained with each load.  The ATST project site manager will ensure that the Park is 

provided with advance notice about the arrival of each load in order to facilitate load inspections 

prior to vehicles reaching the Park entrance.   

 

Invasive species may be unintentionally moved to the ATST project site by astronomers and 

maintenance crews during the telescope‟s operational lifespan.  To minimize the likelihood of an 

invasive species introduction, ATST interior facilities and grounds within 100 ft (30 m) of the 

buildings will be thoroughly inspected on an ongoing annual basis for non-native species that 

may have eluded the cargo and luggage (load) inspections.  This annual inspection will be 

conducted over the approximately 5 year construction phase and 50 year lifespan of the ATST by 

a qualified biologist.  Any newly-discovered non-native, invasive plant or animal will be photo 

documented, mapped, and described.  Any non-native species found inside or within 100 ft (30 

m) of the ATST buildings will be exterminated within six months of detection.  Appropriate 

control methods include the use of available herbicides and pesticides, in accordance with 

established practice at Haleakala Observatories and pursuant to label requirements. 

 

Specific Non-Native Arthropod Control Measures to be Implemented 

Non-native arthropods (insects, crustaceans, arachnids, myriapods) can arrive at the site by two 

general pathways.  First, non-native species already on Maui can spread to new locations.  

Second, non-native species can arrive on the island with construction material in or on shipping 

crates and containers.  In order to block the first pathway, heavy equipment, trucks, and trailers 

will be pressure-washed before being moved to the ATST construction site.  The following five 

specific non-native arthropod control measures, adapted from those already required pursuant to 

the DLNR-approved Haleakala High Altitude Observatories Management Plan will be 

implemented to further minimize their spread and establishment.  These five specific non-native 

arthropod control measures are as follows:  

 

1)  Earthmoving equipment will be free of large deposits of soil, dirt and vegetation debris that 

could harbor non-native arthropods.  

 

a. Pressure-wash to remove non-native arthropods:  Earthmoving equipment and large 

vehicles and trailers often sit at storage sites for several days or weeks between jobs.  
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Most of these storage sites are located in industrial areas and usually support colonies of 

ants and other non-native arthropods.  These species often use stored equipment as 

refugia from rain, heat, and cold.  Ants may colonize mud and dirt stuck on earthmoving 

equipment and could then be transported to uninfested areas.  Pressure-washing of 

equipment before it is transported to the site will be thorough enough to remove dirt and 

mud and to wash away ants, spiders and other non-native arthropods, thereby reducing 

the chances of transporting these species to the project site.   

 

b. As required by the DLNR-approved High Altitude Observatories Management Plan, 

large trucks, tractors, and other heavy equipment will be inspected before entering the 

Park.  Inspections will be recorded in a log book kept at the site. 

 

2)  All construction materials, crates, shipping containers, packaging material, and observatory 

equipment will be free of non-native arthropods when it is delivered to the site.   

 

a. Inspect shipping crates, containers, and packing materials before shipment to Hawaii:  

Non-native arthropods can be transported to Hawaii via crates and packaging.  Therefore, 

only high quality, virgin packaging materials will be used when shipping supplies and 

equipment to the ATST project site.  Pallet wood will be free of bark and other habitat 

material that can facilitate the transport of non-native species.  Federal and Hawaii State 

agricultural inspectors do not currently check all imported non-food items for non-native 

arthropods.  ATST construction management will communicate to shippers and suppliers 

the environmental concerns regarding non-native arthropods, and inform them about 

appropriate inspection measures to ensure that supplies and equipment shipped to Hawaii 

are free of non-native arthropods at the points of departure and arrival.   

 

b. Shipping containers will be inspected and any visible arthropods will be removed.  

Construction of crates immediately prior to use will prevent non-native arthropods from 

establishing nests or webs.  Cleaning containers just prior to being loaded for shipping 

will also be done to minimize the transport of non-native arthropods.   

 

c. After arrival in Hawaii, crates or boxes to be transported to the site will be inspected for 

spider webs, egg masses, and other signs of non-native 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 will be completed to reduce the potential for undetected arthropods to 

reach the construction site.  To provide for non-native species interdiction on arriving 

materials, implementation of the Maui Alien Species Action Plan (ASAP) will be 

mandated for complete inspection of all possible items.   

 

d. Inspect construction materials before entering the Park:  Non-native arthropods already 

resident in Hawaii are capable of hitchhiking on construction material such as bricks and 

blocks, plywood, dimension lumber, pipes, and other supplies.  Precautions will be taken 

to ensure that non-native arthropods are not introduced to the Haleakala Observatories 

site.   
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3)  Sanitary control of food and garbage will prevent access to food resources that could be used 

by non-native ants, yellow jackets, and wasps.  Outdoor trash receptacles will be secured to the 

ground, have attached lids and plastic liners, and their contents will be collected on a regular 

basis to ensure containers do not become full or overflow, and to reduce food availability for 

non-native predators.  Heavy, hinged lids will be used to prevent wind dispersal of garbage.  

Refuse collection may be necessary several times a week, particularly in eating areas and during 

periods of heavy use of the area.  Trash receptacles will be washed regularly using steam or soap 

to reduce odors that attract ants.  Plastic bag liners will be used in all trash recepticles receiving 

food to contain leaking fluids.   

 

4)  Ensure construction waste and debris is secured to ensure it is not dispersed.  Construction 

materials and supplies will 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.   

 

a. 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 construction.  Debris disposed of in these containers consists of 

wood, scrap insulation, packaging material, waste concrete, and various other 

construction wastes.   

 

b. High winds at the site can disperse construction debris from the containers into adjacent 

native habitat.  Unsecured building materials and equipment at the project site are also 

susceptible to wind dispersal.  Construction trash and building material is not believed to 

significantly impact native arthropod species, but collection of the wind-blown material 

could potentially disturb their native habitats (e.g., Howarth et al. 1999).  

 

c. Construction trash containers will be tightly covered to prevent construction wastes from 

being dispersed by wind.  This will be accomplished during construction of ATST 

pursuant to the best management practices described in the DLNR-approved Haleakala 

High Altitude Observatories Management Plan. 

 

5)  Invasive species detection and interdiction will be completed to ensure new introductions are 

controlled. 

 

a. A biological monitor will be employed during construction and programmatic arthropod 

sampling will be done in accordance with the schedule described within this Project 

Description.  Monitoring for new non-native arthropod introductions will be conducted 

during construction activities and any populations detected will be eradicated.  

Monitoring for non-native populations is relatively easy and inexpensive to conduct.  

Baited traps have been shown to detect non-native populations before they reach 

damaging proportions.   

b. Ant eradication:  Sticky traps designed to capture ants will be deployed immediately after 

any ants are detected.  Persistence of ant detections are indicative of larger infestations, 

and will prompt a search for, and eradication of, colonies.  Bait and chemical control will 



Dr. Craig B. Foltz  24 

be employed only when absolutely necessary and only by a certified pest control 

professional.   

 

c. Non-native spider eradication:  Any non-native spider webs detected will be removed.  

Native lycosid wolf spiders do not make webs.  Native sheet-web spiders make tiny webs 

under the cinder surface.  Only non-native spiders would make large spider webs at the 

Haleakala Observatories.  Sweeping such webs away with a broom disrupts non-native 

spider food capture success and destroys egg masses.  Follow-up measures will be 

developed and implemented to control non-native spiders when they are detected.  

 

3.2 Proposed Conservation/Mitigation Area and Activity 

 

Approximately 328 ac (133 ha) will be fenced (see Figure 4), ungulates will be removed, and 

predator control will be implemented to increase the reproductive rate and adult survivorship of 

Hawaiian petrels (Simons 1984, p. 243, Hodges and Nagata 2001, p. 318).  The 

conservation/mitigation action includes: 

 

1) Installation of ungulate fencing around the conservation/mitigation area boundary, 

connecting with existing Park boundary, and ungulate removal; 

 

2) Implementation of predator control, including trapping and removal of known predators 

Felis catus and Indian mongoose Herpestes javanicus, and baiting for rats Rattus spp.; 

 

3) Social attraction and artificial burrow placement, to encourage recruitment into the 

protected site; 

 

4) Burrow and habitat searching outside the conservation/mitigation area to identify: a) a 

suitable spatial control site (or sites) and, b) a potential back-up conservation/mitigation 

area (or areas); and, 

 

5) Monitoring Hawaiian petrel recruitment, reproductive success, and survival. 

 

Conservation/Mitigation Area Habitat Quality and Number of Hawaiian Petrel Burrows 

The conservation/mitigation site includes 164 known Hawaiian petrel burrows (NPS unpublished 

data) including 41 total burrows leading to 33 nest chambers located within 262 ft (80 m) of the 

ATST construction site.  Of the 164 burrows in the conservation/mitigation area, approximately 

74 are likely to be active; 25 of the 41 burrows in the vicinity of the construction site were 

confirmed to be active in 2010.  Hawaiian petrel burrows are typically in lava soils under large 

rocks on steep slopes in the vicinity of shrub cover (Brandt et al. 1995, p. 571).  Burrows are 

generally not found in unconsolidated cinder soil types.  The majority of known Hawaiian petrel 

burrows are located along the adjacent southwestern rim of the Haleakala Crater, where this type 

of habitat is most abundant and where predator control is in place (Hodges and Nagata 2001, p. 

310).   
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Ungulate Proof Fence Location and Ungulate Removal  

An approximately 328-ac (133-ha) conservation/mitigation area surrounding the ATST 

construction site (Figure 12) will be fenced with ungulate exclusion fencing such as hog wire, 

within one year of completion of this Biological Opinion.  Approximately 14,108 ft (4,300 m) of 

ungulate-proof fence will be installed and maintained around the project boundary connecting to 

an existing fence along the western edge of the Park.  The fence will be similar in structure to 

existing Park fences which are approximately 5 ft (1.5 m) in height, hog wire with no barbed 

wire strands.  Fence installation costs are projected to be approximately $75 per m (totaling 

$322,500).  A cattle guard will be installed to prevent ingress of ungulates on the Skyline Trail at 

the western end of the site.  Three strands of twisted polytape will be integrated into the fence to 

increase visibility and minimize the potential for birdstrike.  The fence contractor will be 

approved or procured by DOFAW.  Surveys will be conducted to ensure the fence will be 

situated to avoid adverse impacts to Haleakala silversword plants and other listed species.  

Ungulate removal will occur immediately after fence installation and, to ensure integrity, regular 

inspection of the fence will be required.  NSF will ensure the fence is maintained, the 

conservation/mitigation area is kept free of ungulates, and landscape-scale predator control 

measures are implemented within the area, as detailed below, for a period of no less than six 

years.  Conservation/mitigation actions would continue for a subsequent four years (year‟s seven 

to 10), or longer, should monitoring indicate that the first six years did not offset the observed 

take resulting from the ATST project and observed and anticipated future take resulting from the 

FAA towers (calculated based on observed levels of take) to the Hawaiian petrel.  Although it is 

not addressed in this project, the NSF will remain open to discussions with partner agencies and 

private entities regarding their desire to further improve or manage the site (such as by installing 

cat/mongoose resistant fencing and predator eradication).  NSF would ensure that NSF‟s 

financial obligations to fund the conservation/mitigation project are not reduced as a result of any 

such partnerships, if any result.   

 

The July 2009, Existing Vegetation Map Layer (U.S. Geologic Survey 2009 p.1) indicates 74 

percent of the conservation/mitigation area is classified as barren, 11 percent is vegetated by 

Hawaii montane-subalpine dry shrubland, less than 1 percent is vegetated by Hawaii alpine 

dwarf shrubland, and the remaining 14 percent is classified as developed (including developed, 

open space, developed low intensity, and developed medium intensity).  Shrublands are sparsely 

vegetated with dwarf native shrubs.  

 

Landscape-Scale Short-Term Predator Control in the Conservation/Mitigation Area  

Predator control will remain in place prior to, and throughout, the Hawaiian petrel breeding 

season (February to October), based on existing protocols used by the Park and adapted as new 

methods become available.  The following methods may be implemented to control predators:  

live trapping, hunting, snaring, baiting, and installation of kill devices.  The placement of traps 

and bait stations will be determined based on topography.  To minimize the potential impact to 

non-target species, live traps will be checked every other day unless they are outfitted with a 

radio transmitted notification system.  If a Hawaiian petrel is captured in a trap, the trap will be 

resituated to minimize the likelihood of any additional capture.  Traps may be placed in a 164- to 

820-ft (50 to 250-m) grid (approximate) within and adjacent to the conservation/mitigation area.  

Rodenticide bait stations will be sited and maintained pursuant to 24c State Conservation Label 

to minimize potential for the project to affect rodent resistance to active ingredients in the bait.  
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Landscape-scale rat control may entail installation of a 164-ft (50-m) bait station grid in and, 

where adjacent landowners approve, within 656 ft (200 m) of the colony.  More efficient rat 

control methods may be adopted as they become available.  Animal disposal will be consistent 

with ethic protocols required by DOFAW.  Approximately two technicians will be necessary to 

complete the trapping and monitoring the activities.  Checking the trap lines in the 

conservation/mitigation area is expected to take a full day.   

 

 
Figure 12.  Proposed ATST Hawaiian petrel conservation/mitigation area. 

 

 

Long-Term Rodent Control in the Immediate Vicinity of the ATST Facility 

The NSF will install and maintain, during the 50 years of this project, a permanent 24c State 

Conservation Label rodenticide bait station grid around the Haleakala Observatories Hawaiian 

petrel colony.  Bait stations will be installed and maintained approximately 164.50 ft (50 m) 

apart (Figure 13 (locations within the colony to be determined)).  Bait stations will be placed on 

previously disturbed areas along edges of buildings, roads, and trails throughout the Haleakala 

Observatories petrel colony area.  The rodent bait station grid extends approximately 656 ft (200 

m) around the petrel colony in all directions except to the southeast and directly to the west.  In 

order to prevent predation of petrel eggs, rodent bait stations will be stocked with fresh 

rodenticide as needed, in accordance with label requirements, year-round.  The permanent rat 

bait station grid around the Haleakala Observatories Hawaiian petrel colony will ensure that the 

rat population does not increase during construction and operation of ATST.  In addition, rodent 

control will be maintained within all ATST structures. 
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Figure 13.  Approximate locations of the long-term rat bait stations protecting the Haleakala 

Observatories Hawaiian petrel burrows in the immediate vicinity of the ATST. 

 

The conservation/mitigation area may be shared with other action agencies or private developers 

(for instance wind developers) who may wish to augment the site‟s level of predator protection.  

Agreements may, with Agency approval, be put into place to partition conservation/mitigation 

benefits among collaborators. 

 

Social attraction to encourage recruitment 

Encouraging recruitment into the conservation/mitigation site can be achieved by utilizing social 

attraction techniques.  Social attraction is a common tool used for conservation of colonially 

breeding seabirds to either: a) bolster existing colonies, b) restart historical breeding sites, or c) 

facilitate an entirely new colony (Podolsky 2005).  The basis for social attraction is to manipulate 

seabird calling activity to promote pair establishment at a selected site through sexual 

advertisement (Brooke 1978).  For the ATST project, this could include installation of social 

attraction equipment at a site determined to have suitable habitat but low breeding occupancy.  If 

social attraction is conducted, modifications to calculations regarding the project‟s beneficial 

impact to the Haleakala population of Hawaiian petrels would be developed and used pursuant to 

H.R.S. 195D.   
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Identification of a suitable spatial control 

A suitable spatial control will be required in order to adequately determine the success of this 

conservation/mitigation project.  This will allow comparison of reproductive success of managed 

burrows to burrows not receiving any management activity, and will allow for control of year-to-

year variability in breeding success due to food availability (Warham 1990).  As much as 

possible, the control site will be subject to the same conditions as the conservation/mitigation 

area, to reduce the likelihood of differences occurring between sites beyond management 

activities.  Surveys will be conducted in year one to identify a suitable control site.  The two 

closest areas likely to yield potential controls sites (Figure 14) and pose the least administrative 

requirements to allow searching, are: (1) Kula and Kahikinui Forest Reserve west of the 

conservation/mitigation area and (2) KJC LLC c/o West Maui Financial Svc, north of the 

conservation/mitigation area.   

 

A large number of active burrows within the control site will assist in quantifying the difference 

in reproductive success resulting from management to determine when net benefit is achieved.  

Approximately five technicians will search these areas for approximately three months to 

identify the extent of the control site.  Timing of surveys will be based on existing Park protocol, 

including diurnal searching for petrel signs along transects, and will be undertaken during the 

period of highest detectability during incubation and early chick rearing.   

 

 
Figure 14.  Proposed search areas for spatial control site for ATST Hawaiian 

petrel conservation/mitigation site. 
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Conservation/Mitigation Success Monitoring 

Monitoring is required to demonstrate the effect of management activities for the proposed 

actions and to determine when net benefit is achieved.  Construction is likely to reduce the 

number of burrows that are actively used for breeding and reduce the likelihood active burrows 

will successfully fledge offspring.   Management is expected to offset this reduction by 

increasing the likelihood of reproductive success of Hawaiian petrels breeding within the 

conservation/mitigation area.  Monitoring methods, analysis procedures, and protocols currently 

exist for the Park, including a “Standard Operating Procedure for Surveying Uau Burrows” 

(Park) (Hodges 1994, pp. 14-18) and Hodges (2001, p. 311).  Nests at both the 

conservation/mitigation area plus proposed mitigation control site will be monitored at least 

twice per month for direct and indirect signs of activity and fledging, based on standard 

definitions provided in this document.  

 

Conservation/Mitigation Duration  

The Hawaiian petrel burrows within the 328-ac conservation/mitigation area will be protected 

from predators to offset, at no less than bird for bird, the loss of Hawaiian petrels resulting from 

project-related mortality and reduced reproductive success.  Anticipated benefits of predator 

control were modeled by Holmes (2010b) using deterministic demographic matrix models (i.e., 

Leslie models) based on life history parameters of the Hawaiian petrels and anticipated impacts 

of the proposed project.  Five scenarios were compared: no ATST, ATST with no mitigation, and 

ATST with three mitigation scenarios.  These calculations, which are based on the best available 

information and documented assumptions, were used in NSF‟s development of the 

conservation/mitigation projects described in the Project Description.  Model results (presented 

in the Effects section of this Biological Opinion) indicate mortality and reduced reproductive 

success resulting from construction of the ATST facilities will be offset by predator control 

within the conservation/mitigation area within a 6 to 10 year period; additional years of 

management would be completed if necessary to offset the take that occurs as a result of the 

project.  Regardless of the level of actual take that occurs, NSF will manage the 

conservation/mitigation area for a minimum of six years.  If ATST construction-related take is 

not offset within the six year period, NSF will continue to manage the site for up to four 

additional years (for a total of 10 years) to offset take associated with construction.  In 2011, 

when the two FAA towers were incorporated into the project, NSF agreed to fund any additional 

years of site management necessary to offset the take associated with the 25-years of continued 

operation and maintenance of the towers and their fixtures. 

  

The timeline for the first six years of the proposed conservation/mitigation project are provided 

in Table 2.  The duration of the conservation/mitigation shown in these tables is based on a six 

year period, overlapping with the period of construction.  After six years, if construction-related 

take and documented and anticipated future take associated with the tower portion of the project 

have been offset, the NSF‟s commitment to management of the conservation/mitigation area 

would be satisfied.  After six years, if the benefits of predator control and management of the 

petrel colony have not offset construction and tower-related impacts to the Hawaiian petrel 

population, conservation/mitigation would continue for a subsequent four years (years seven to 

10).  Should monitoring demonstrate that, after 10 years, project-related take has not been offset, 

NSF will continue to manage predators at the conservation/mitigation area until all take is offset 

at no less than a bird for bird rate.  The benefits of conservation/mitigation will be measured in a 
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cost-benefit analysis, calculated as the value of the benefits gained minus the costs of the project 

to the Hawaiian petrel population.  Calculations may be done by referring to take and 

conservation/mitigation benefits to the population in terms of adult birds (fledglings may be 

converted to a comparable number of adults by calculating the juvenile‟s likelihood of reaching 

adulthood). 

 

Table 2.   Timeline for proposed Hawaiian petrel conservation and landscape-scale 

conservation/mitigation activity. 

Objective Activity 
Year 

1 2 3 4 5 6 

Determine breeding 

numbers in 

conservation/mitigation 

area 

Burrow searches X X X X X X 

Protect habitat 

Construct fence X           

Remove ungulates X           

Fence inspection and maintenance X X X X X X 

Predator control  

Place cat / mongoose traps X           

Cat /mongoose trapping X X X X X X 

Rat bait station placement X           

Rat baiting X X X X X X 

Encourage recruitment 
Install social attraction project X           

Install artificial burrows X           

Identify spatial control 

and potential 

conservation/mitigation 

area backup 

Burrow searches in Kahikinui X           

Burrow searches in TMK 230050020000 X           

Monitoring  

Monitor burrows within 

conservation/mitigation site 
X X X X X X 

Monitor burrows at control site X X X X X X 

  

Contingency for Conservation/Mitigation Action 

In the event that measures in the primary 328-ac (133-ha) conservation/mitigation area are not 

adequate to offset impacts to the Hawaiian petrel, the contingency for conservation/mitigation 

action will be to incorporate a larger area from within the suitable spatial control in areas near 

the conservation/mitigation site, for example, investigation should be made into KJC LLC c/o 

West Maui Financial Svc, north of the conservation/mitigation site.  Funding, at the level to be 

determined by DLNR, will be held for the purposes of ensuring this contingency action can be 

completed. 

 

3.3   Monitoring Project Impacts to the Hawaiian Petrel 

 

Table 3 summarizes the primary adverse impacts addressed in this Biological Opinion in 

addition to measures NSF proposes to avoid, minimize, and offset or mitigate for these effects.  
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Table 3.  Summary of effects of the project to the Hawaiian petrel addressed during the formal 

Section 7 consultation process. 
Project Effects Measures Adopted to Avoid, Minimize, and Offset Impacts 

Collision of Hawaiian petrels with 

equipment, buildings, and the 

towers 

Framing lattice telescope structures will be pre-painted white, construction crane will be 

lowered at night and marked with white visibility polytape or approved alternative. Polytape 

will be incorporated into conservation/mitigation fencing. All structures constructed as a 

result of this project will be painted white or an approved alternative will be used. Outdoor 

lighting will not be used. 

Burrow collapse from 

construction vibration and 

trampling 

Engineers set ground vibration threshold for burrow collapse. Vibration will be monitored and 

restricted to minimize the likelihood of burrow collapse. 

Reductions in breeding attempts 

and reproductive success resulting 

from disturbance to adult birds 

328-ac (133 ha) conservation/mitigation area surrounding Haleakala Observatories will be 

fenced and managed with predator and ungulate control measures to achieve project benefit 

for the Hawaiian petrel. 

Predator population increase Trash will be contained. Predator control efforts. 

Transport of invasive species to 

Haleakala 

Cargo will be thoroughly inspected for introduced non-native species. All ATST facilities and 

grounds will be thoroughly inspected for introduced species on an annual basis and any 

introduced species will be eradicated.  

Incidental live trapping of 

Hawaiian petrels in predator traps 

Mammal traps will be monitored every other day to minimize harm to captured non-target 

species. 

Reduction of Hawaiian petrel 

population 

Installation and maintenance of fencing and predator control measures to facilitate 

development of the Hawaiian petrel population within a 328-ac (133 ha) 

conservation/mitigation area. 

 

As part of the conservation/mitigation activities for the ATST, a qualified biologist, functioning 

as lead researcher, with two additional trained biological technicians (equivalent to the position 

of State of Hawaii Wildlife Technician Level 3 to 4 or Park Service Technician at the GS-3 

through GS-7 level) will monitor birdstrike occurrence in addition to burrow activity and 

reproductive success of burrows in the vicinity of the ATST construction site, within the 

conservation/mitigation area, and within the control site.  The lead researcher will be responsible 

for compiling project reports addressing construction and conservation/mitigation impacts to the 

Hawaiian petrel.     

 

Birdstrike Monitoring 

Birdstrike monitoring will be conducted intensively around the ATST structures and the two 

FAA towers during the six-year period of ATST construction.  Protocols for the ATST project 

were developed based on the birdstrike monitoring methods recently developed for wind power 

generation turbines at the Kaheawa Wind Power (KWP) site on Maui (KWP 2006) and 

meteorological towers site at the Lanai meteorological towers (TetraTech 2008).  The KWP 

project currently includes 20 GE 1.5-megawatt 180-ft (55-m) tall wind turbines.  The Lanai 

meteorological towers project is composed of seven 165-ft (50-m) tall towers secured with four 

sets of guy-wires. 

 

Because Hawaiian petrels fly at speeds of over 30 miles/hour (48 km/hour) (Day and Cooper 

1995) birdstrike to any structure or equipment associated with the ATST project would most 

likely be fatal.  Information gathered at the Lanai meteorological towers (Tetra Tech 2008) 

indicates birds killed as a result of striking objects are found at a distance of 1.25 times the 

height of the object.  Therefore, the dimensions of the search area and search methods are likely 

to be refined throughout project implementation in coordination with DOFAW and the Service 

as new techniques are developed.         

 



Dr. Craig B. Foltz  32 

Monitoring Around ATST Construction Site:  Based on a search area 1.25 times the height of the 

objects associated with the construction of the ATST, a 180-foot perimeter boundary search area 

extending from the perimeter of the site, the support and operations building, and the lower and 

upper enclosures was delineated.  This search area covers 4.7 ac (1.9 ha).   

 

Within this search area, two zones are identified (Figure 15).  Area A (3.3 ac (1.3 ha)) is located 

on the ATST plateau and includes other observatories.  This area includes roads, pathways and 

roofs of buildings, plus open rocky habitat with little obstructions for detecting bird carcasses.  

No restrictions on this search area exist.  These open and bare areas are likely to yield high 

searcher efficiency, similar to the 100 percent obtained at KWP in bare ground habitat (KWP 

2006).  Area B (1.4 ac (0.6 ha)) is located on the slopes south and east below the ATST plateau 

and includes rocks and boulders of various sizes that could obstruct observation of bird 

carcasses.  This area is in existing Hawaiian petrel habitat and frequent access for birdstrike 

monitoring is not recommended because it would degrade breeding habitat there.  

 

Searchers will be able to access the edge of the cliff at the demarcation between Area A and B, 

and be able to visually inspect Area B from the Skyline Trail road below.  Although careful 

visual scanning (spotting scope- and binocular-assisted) of Area B from both Area A and the 

Skyline Trail road will be undertaken, take will be adjusted for Area B, due to the lack of 

thorough monitoring to accurately count downed birds.  Visual scanning will, however, be useful 

in detecting and recovering any downed birds in the open, so that they do not become a predator 

attraction. 

 

ATST technical staff or third-party contractors who have been trained by the responsible ATST 

biologist will conduct observatory/bird interaction studies.  Criteria for selecting third-party 

contractors will be developed in coordination with the Service and DOFAW.  Searcher efficiency 

and carcass removal (i.e., scavenging) trials will be conducted each year.   

 

Any take documented by monitoring will be adjusted for search efficiency and carcass removal 

by scavengers, and increased by indices from best available data to account for indirect take that 

results from the probable loss of reproductive success for any adults taken. 

 

Indices for searcher efficiency and carcass removal will be obtained from ongoing trials through 

the duration of the license.  Because of terrain, searcher efficiency is expected to be high and due 

to ongoing predator  control in this area, carcass removal is expected to be low for the project 

area for the reasons discussed above.  Subsequent birdstrike monitoring at the ATST site will be 

informally conducted by operations and maintenance staff who will be trained to identify and 

report downed birds. 
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Figure 15.  Birdstrike monitoring search area, including searchable (Area A) and 

unsearchable (Area B) zones. 

 

Monitoring Birdstrike Around the Two FAA Towers 

 

Based on a search area 1.25 times the height of the objects associated with the two 75-ft (23-m) 

tall FAA towers, the area within 104-ft (32-m) of the towers will be searched.  ATST technical 

staff or third-party contractors who have been trained by the responsible ATST biologist will 

conduct searches for downed birds.  Data collected during the six years of intensive monitoring 

around the FAA towers will be used to re-calculate the towers‟ 25-year total take.  The 

dimensions of the search area and search methods are likely to be refined throughout the six-year 

period in coordination with DOFAW and the Service as new techniques are developed.  

Subsequent birdstrike monitoring at the ATST and FAA tower sites will be informally conducted 

by operations and maintenance staff who will be trained to identify and report downed birds.    

 

Searcher Efficiency Trials 

Searcher efficiency trials will be undertaken to determine the percentage of birdstrike mortalities 

that are observed.  Key elements of the searcher efficiency trials to be conducted in the vicinity 

of the ATST project include: 
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1) Carcass removal and searcher efficiency trials will be conducted with sufficient 

replication to produce statistically reliable results.  Experimental design will follow 

protocols developed by and subject to approval by DOFAW and the Service. 

 

2) Wedge-tailed shearwaters (Puffinus pacificus) will be used as a surrogate species for 

searcher efficiency and carcass removal trials.  Arrangements will be made to collect 

carcasses from sources other than DOFAW, if necessary.  Wedge-tailed shearwaters or 

other seabird carcasses are needed for the carcass removal trials to provide the 

appropriate odor, but are not necessarily needed for the searcher efficiency trials if a 

suitable, visually appropriate alternative is approved by DOFAW and the Service. 

 

3) A variable number of carcasses will be used (1-3) so searchers are unaware of total 

carcasses used in each trial. 

 

4) Carcasses will be placed when search staff are absent from the site, and locations marked 

using GPS (±1 m) so as to be distinguished from actual birdstrike. 

 

5) Because carcasses left overnight may encourage scavenger and predator activity near the 

adjacent Hawaiian petrel breeding colony, carcasses will ideally be placed at dawn, and 

recovered at dusk. 

 

6) Carcasses will be placed in a variety of positions including exposed (thrown) and hidden 

to simulate a crippled bird and partially hidden. 

 

7) Birdstrike searchers will be trained in active searching. 

 

8) Searchers will be unaware of trials being implemented; trials will be implemented and 

monitored by the lead ATST project biologist. 

 

Carcass Removal Trials 

Carcass removal trials are undertaken to determine the scavenging rate by cats, rats and 

mongoose of any birds killed via birdstrike.  This information is used to guide search intervals 

for birdstrike monitoring.  Considerations for these trials will include: 

 

1) Trials will be undertaken in spring, summer and fall to obtain a measure of seasonal 

variation in scavenging rate. 

 

2) Wedge-tailed shearwaters will be used as a surrogate species; arrangements will be made 

to collect carcasses from various sources. 

 

3) Carcasses will be placed in an area outside the search area (with similar habitat and 

predator control) and away from known Hawaiian petrel breeding areas to avoid 

encouraging scavenger and predator activity near breeding sites.   

 

4) Carcasses will locations marked using GPS (± 1 m). 
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5) Carcasses will be placed in a variety of positions including exposed (thrown) and hidden 

to simulate a crippled bird and partially hidden. 

 

6) Carcasses will be checked every seven days until day 28, when they will be removed.   

 

7) The experimental design of the carcass removal trials will comply with DOFAW 

guidelines and be subject to approval by DOFAW and the Service. 

 

Birdstrike Monitoring Study Design and Reporting 

Birdstrike monitoring study design incorporates practical considerations, including the most 

cost- and time-efficient method to determine actual birdstrike numbers and measures to minimize 

impacts to sensitive resources.  Initial monitoring will be undertaken along transects 32.8 ft  

(10 m) apart, extending through Area A, plus active searches around the perimeter of all 

buildings, and roofs of flat-topped buildings.  Weekly surveys will be conducted during the first 

two breeding seasons after which DOFAW and the Service will review any proposed schedule 

modifications.  Searches will be conducted from February to October during the Hawaiian petrel 

breeding season only.  Systematic searches of the fence line and construction area will be 

completed at least twice per week during the intensive (petrel nesting months) monitoring period 

under the direction of a project biologist.  The frequency of searches will ensure that a variety of 

conditions are included.  For example, days after moonless, cloudy, or stormy nights are of 

particular interest, because the ATST would be least visible and the risk of collision would 

presumably be greater, especially during peak fledgling periods.  Intensive searches will be 

conducted for the first two years, after which it is expected that the survey approach will be 

modified based on the results obtained up to that point.  Search intervals will be adjusted 

seasonally based on the results of carcass removal trials.  Modifications to the intensive search 

schedule will be made with the approval of DOFAW and the Service.   

 

Annual surveys of the survival and reproductive success of Hawaiian petrel burrows in the 

conservation/mitigation area and at the control site will continue for the first six years.  Surveys 

will be extended beyond the first six years if conservation/mitigation for a longer period is 

necessary to offset take resulting from the project.    

 

Detected carcasses will be used to calculate take by factoring in rates of searcher efficiency, 

search interval, carcass removal rate, and percentage of birdstrike monitoring area covered in 

searches.  Loss of the bird‟s nest (indirect take) will be calculated based on average breeding 

status, breeding probability, and fledgling success from the literature.  In the absence of updated 

information, 50 percent of downed birds will be considered to be breeders and of the breeders, 

the probability of laying an egg will be assumed to be 89 percent and the likelihood of a bird 

fledging from an egg will be 66 percent (Simons 1984).   

 

Take resulting from birdstrike will be calculated and reported by adjusting observed carcass 

numbers to account for carcasses that were not found.  This is because it is assumed that not all 

birds that do suffer birdstrike will be found, either because they were not located during required 

monitoring, or because the carcass was removed by scavengers, thus requiring adjustment of the 

take estimate.  Importantly, carcass removal and searcher efficiency data are estimations, and 

would require data from studies specific to the ATST site, thus adjusting the equation below.  
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The following calculations (or similar ones approved by DOFAW and the Service) will be used 

to calculate total direct and indirect mortality based on observed mortality. 

 

No carcass searching efficiency data exists for the ATST area, but because of the open terrain, 

and dry climate, searcher efficiency will be high in Area A.  Carcass removal rate is expected to 

be low because scavenger (rat, mongoose, cat) presence at the site is expected to be low as a 

result of predator control measures that will be implemented by NSF.  

  

“Observed” mortality, will be documented and adjusted by searcher efficiency and carcass 

removal factors to calculate total direct mortality.  While numerous estimators have been 

developed for the calculation of Unobserved Direct Take, the most recent estimator by Huso 

(2008) has several improvements that appear to be less susceptible to bias than earlier 

calculations.  Although it was designed primarily for use with wind turbines, it could serve as a 

useful tool for estimating Unobserved Direct Take for the ATST Project.  The estimator by Huso 

(2008) is defined as: 

 

Estimated Total Direct Mortality = Observed Direct Mortality 

                     R  x  P  x  E 

 

Where 

R = Estimated proportion of carcasses remaining after scavenging 

P = estimated searcher efficiency (proportion of carcasses found) and 

E = Effective Search Interval 

 

Adjusting for Indirect Mortality due to the Loss of a Breeding Adult 

 

Calculated levels of total direct mortality will be further adjusted to account for reduced breeding 

success. For Procellariformes, adult mortality during the breeding season is likely to result in egg 

or nestling mortality because both adults are required to provision sufficient food for successful 

reproduction (Warham, 1990).  Breeding status, breeding probability, and breeding success are 

unlikely to be known for a downed bird unless it was banded and the associated burrow was 

being monitored at the time.  Thus each Hawaiian petrel strike will be adjusted for this potential 

indirect mortality by applying the following factors (as updated based on new information):  

 

1) A breeding bird versus a prospecting bird (breeding status: 50 percent) (Simons, 

1984).  

2) If a breeding bird, the probability that those birds did breed (breeding probability: 89 

percent) (Simons, 1984) 

3) If the bird did breed, the probability of successfully rearing a chick to fledging. 

(Fledging success: 66 percent) (Simons, 1984).  
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Total Mortality due to Hawaiian petrel strikes to the ATST structure will be calculated in the 

following way: 

 

Total Mortality = Total Direct Mortality + (Total Direct Mortality x Breeding Status x 

Breeding Probability x Fledging Success) 

 

Where: 

Breeding status (breeder or non-breeder) = 0.5 (Simons 1984) 

Breeding probability (if breeder, likelihood of breeding that year) = 0.89 (Simons 1984) 

Fledging success (if bred, likelihood of successfully raising a chick) = 0.66 (Simons 

1984) 

 

 

Using the formula and average levels noted above, adjusted mortality for one Hawaiian petrel 

killed as a result of birdstrike at the ATST building is 1.29: 

 

1 + (0.5 x 0.89 x 0.66) = 1.29 

 

In other words, for each adult killed as a result of birdstrike, 0.29 fledglings that would have 

successfully fledged will not survive to fledging stage.  Observed direct mortality, estimated total 

direct mortality, and total mortality will be calculated and reported. 

 

Monitoring Vibration Impacts to Burrows 

A biological technician has measured the depths of all 41 of the Hawaiian petrel burrows, 

leading to 33 nest chambers, located within 262.5 ft (80 m) of the ATST construction site.  The 

technician will use a burrow scope capable of making measurements in winding burrow tunnels.  

Each winter following any periods of construction, when birds are absent from the site, the 

burrow tunnels will be re-measured and a report will be submitted to the Service summarizing 

any changes in burrow configuration.   

 

Monitoring Effects of Construction on Reproductive Success 

Real-time monitoring of Hawaiian petrels, noise, and vibration will be continuously conducted at 

the Haleakala Observatories colony (Figure 17) to detect effects of construction on the status of 

burrow activity and active burrow reproductive success.  Noise and vibration monitoring 

procedures are described previously in this Project Description.  In addition, reproductive 

success of Hawaiian petrels within the conservation/mitigation area and the control site will be 

monitored.   

 

Noise and ground vibration data will be compiled for statistical comparisons with behavior and 

reproductive success data.  NSF will fund a research biologist and a biological technician to 

complete the monitoring data collection and analysis.  Real-time monitoring will ensure that any 

changes in behavior and any Hawaiian petrel mortality associated with the ATST construction 

project disturbance is detected and reported.  Several university and contract research biologists 

are expressing interest in participating in the burrow camera noise disturbance study and NSF 

will make accommodations to support that interest.   
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During the year(s) of heavy excavation and external building construction, Hawaiian petrel 

fledglings will be monitored in real-time for mortality and fledging.  Hawaiian petrel behavior 

may also be monitored with cameras at a control site, although control site camera monitoring is 

not necessary and may not be practical.  If cameras are not used, methods including banding 

adult birds and using the Park‟s monitoring methods (which currently entail the use of toothpicks 

at burrow entrances) will be used.  In addition to monitoring construction impacts to Hawaiian 

petrel behavior, the reproductive effort, reproductive success, and survival of birds nesting in the 

vicinity of the construction site will be rigorously compared to that of birds at a comparably 

situated site with no construction disturbance.   

 

Two metrics will be used to assess levels of take resulting from the project:  burrow breeding 

status (active versus inactive) and fledging success.  Current methods employed by Park 

biologists to capture these metrics will be used (Hodges, 1994, p. 22; Simons, 1984, 1985).   

The Park‟s methods will be validated and the accuracy of assessments of levels of burrow 

activity and fledging success will be increased with the use of the burrow entrance cameras.   

 

It will be critical to compare the treatment data (ATST burrow productivity during construction) 

to suitable control data.  These control data will include: 

 

1) Previously collected fledgling success data from portions of the ATST site.  

Approximately eight years of data exist for this site (C Bailey, 2009a, personal 

communication).  Because these data will primarily come from the same individuals that 

will be impacted by the ATST process, they reduce any error associated with individual-

to-individual variation and increase the likelihood of detecting a difference due to the 

ATST construction;  

 

2) Breeding productivity from one or more control sites within the same years of ATST 

construction.  Breeding success is inherently variable from year to year due to food 

availability and other factors (Warham, 1990).  Same-year control data reduces the year-

to-year variation and increases the likelihood of detecting a difference due to ATST 

construction.  Control sites used to detect effects of ATST construction will have the 

same level of management as the ATST site (trapping, etc.) to avoid introduction of 

unwanted sources of error and will come from within the Park.  This control is separate 

from that required to demonstrate the effects of conservation/mitigation, which will 

require comparison to a site not receiving management.    

 

Statistical methods for comparing sites are established in Hodges (1994, pp. 14-21) and Simons 

(1985) and may include Chi square analyses or other appropriate statistical methods.  The Park 

and/or NFS will obtain a State scientific collecting permit for all work that is not within the Park. 

.   
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Figure 16.  Risk zones and associated burrows for ATST construction. 

 

 

Adaptive Management Resulting From Monitoring 

A report summarizing the effects of the first year of construction disturbance on the Hawaiian 

petrels will be prepared and submitted to the Service and the Endangered Species Recovery 

Committee.  The report will summarize all behavioral events associated with construction.  The 

report will provide any new information which will enable the Service to determine whether 

there is a need to modify the minimization measures for subsequent years.  The report will also 

include adaptive modifications for monitoring protocols in future years.  This adaptive aspect 

will address proposed increased or decreased monitoring measures and agreed to by the Service 

and the NSF, monitoring could consist of a greater or reduced level of effort.  
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Injured Wildlife 

If an injured Hawaiian petrel is identified, DOFAW will provide short-term rehabilitation 

through local Maui veterinarians.   

 

3.4 Painting of Structures to Minimize Flight Hazard to Hawaiian Petrels 

 

Exposed building frame materials present during the construction phase of the ATST pose 

potential strike risks to the Hawaiian petrel.  Ornithological radar and visual data collected 

during 2004 and 2005 (Cooper and Day, 2004; and Day et al., 2005, pp. 18-20) indicate that the 

ATST construction site is located within the Hawaiian petrel flight paths.  Hawaiian petrels pass 

through areas including the Haleakala Crater Rim and through the Haleakala Observatories site.  

Furthermore, it is anticipated that the petrels‟ use of the airspace in the immediate vicinity of 

their burrows on the Haleakala Observatories site will increase in the long term as the Hawaiian 

petrel population increases as a result of conservation/mitigation activities (e.g., 

conservation/mitigation fencing and landscape-scale predator control measures).   

To increase visibility of project-related materials for the Hawaiian petrel and minimize flight hazards, the 

ATST structural framework, scaffolding, exposed structures, and construction equipment (refer to 

Construction Cranes in Project Description Section 3.1) would be pre-painted white prior to 

mobilization to the project site.  Pre-painting denotes that painting would occur off-site.  Maintenance 

painting, as addressed in the ATST FEIS (NSF, 2009), would still occur at the project site.   

 

3.5   Hawaiian Geese - Traffic Calming Devices to Minimize/Offset Vehicle Collisions 

 

There is the possibility of take of Hawaiian geese along the Park roadway due to collissions with 

vehicles.  To minimize traffic-related fatalities of the Hawaiian goose, the following traffic-

calming measures will be employed:  

1) Existing portable “Nēnē Crossing” signs currently in use at the Park would be 

augmented;  

2) Two temporary speed humps, each spanning half the roadway to slow alternate 

directions, in up to three locations (six total humps) would be installed with appropriate 

marking and signage; and 

3) Two temporary speed-measuring devices that would display motorists‟ current speed 

would be installed and maintained to operate 90 percent of the time. 

The speed humps and speed-measuring devices would be temporary in that each would be 

installed when Hawaiian geese are identified in the area and removed or relocated when they are 

no longer present.  In other words, the locations of the speed humps and signs could change and 

may only be present in any location for a short period.  NSF will contribute funds to the Park to 

implement this measure. 
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3.6   Monitoring Project Impacts to the Hawaiian Goose 

 

NSF and Park staff will be trained and directed to identify and report to the Service any 

Hawaiian geese found dead along the Park Road.  Although the roadway is not used solely for 

Haleakala Observatories operations or construction, Hawaiian goose fatalities which can be 

attributed directly to observatory traffic will be reported to the Service.   

 

3.7 Contribute to the Park’s Hawaiian Goose Protection and Breeding Program 

 

NSF will contribute funding to a new Hawaiian goose holding pen on Park land to be used to 

benefit this population.  The Park will construct a 20-ft by 40-ft closed-top holding pen structure 

to temporarily hold and care for Hawaiian geese for periods ranging from several hours to two 

months.  Two 20-ft by 20-ft pens would be contained within this structure.  The structure would 

consist of fenceposts and predator-proof metal fencing material, such as chicken wire, 

approximately 6 ft high.  A Hawaiian goose shelter would be installed within each pen, such as a 

plywood and rebar-reinforced A-frame structure.  Deer netting would be placed over the top of 

the entire pen structure.  Each pen would include a water source and feeding station.  The water 

source would be a single 50-gallon aboveground water tank which would be housed within one 

of the pens and under a corrugated, non-toxic roofing.  The tank would feed into shallow water 

bowls into each of the two pens.   

This pen would be located on an approximately 10-ac (4-ac) area on Park property near the Park 

entrance station.  The site is an already developed property in the front-country horse pasture 

along the Park boundary fence adjacent to the Haleakala National Park Maintenance and 

Resource Management Divisions maintenance yard.   

The Park will build and operate the holding pen with the goal of rehabilitating and increasing the 

Hawaiian goose population in the Park.   

 

3.8   Haleakala Silversword Propagation and Planting 

 

Although not required, NSF has agreed to the propagation and planting of a total of 300 

Haleakala silversword seedlings on Haleakala on State lands.  Plants will be grown in the Park 

greenhouse and nursery facilities for approximately 12 months from seed collected from adult 

plants growing in the immediate vicinity of the planting site.  

  

In consultation with the Park regarding planting methods and identification of suitable planting 

locations and in accordance with existing Recovery Permit/section 6(c), (16 U.S.C. 1535(c)) 

agreements with the Service, it has been determined that plants in 4-inch (10-centimeter) pots 

would be out-planted within a suitable area on Haleakala outside of the Park.  

3.9 Year-round Unrestricted ATST Construction 

 

The ATST EIS evaluated year-round construction with certain restrictions for activities 

generating noise and vibration between April and July, the petrel egg-incubation period.  

Specifically:  
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 Limit on-site ATST-related construction activities to the time-frame of 30 minutes after 

sunrise to 30 minutes prior to sunset,  

 Limit when wide load vehicles could traverse the Park Road to 30 minutes after sunrise to 30 

minutes prior to sunset, and  

 Wide or heavy loads could not traverse the Park Road at night between April 20 through July 

15 (Hawaiian petrel incubation period).  

These restrictions were developed based on early informal consultation with the Service.  

Continued consultation and studies, however, found that without incubation-period (April 20
th

-

July 15
th

) construction blackout, total construction time could be shortened by as much as one 

year.  Revised calculations based on this additional information indicated working through the 

incubation period would actually be more beneficial to the Hawaiian petrel and result in less 

overall reduction in breeding success (Holmes, 2010a; 2010b).  Based on this information, NSF 

modified the project schedule so that construction would occur year-round.  Moreover, under the 

revised schedule, no nighttime (from 30 minutes prior to sunset to 30 minutes after sunrise) 

driving will occur.  The total construction duration, omitting the above mentioned restrictions, is 

expected to last for six to seven years (about one year less than stated in the EIS). 

 

4.0   IMPLEMENTATION 

 

4.1 Responsibilities 

 

NSF and FAA are responsible for implementation of the conservation/mitigation measures 

described in the Project Description.  The completion of project conservation/mitigation 

measures will be administered by a qualified biological specialist contractor (criteria to be 

developed by NSF in cooperation with DOFAW) funded by NSF as part of the ATST project, 

with additional guidance from the Service and DOFAW.  Monitoring of the FAA site following 

tower upgrade will be completed in unison with the ATST site monitoring by the same qualified 

biological specialist contractor funded by NSF for the duration of ATST construction.  Other 

experts may be consulted as needed, including biologists from other agencies (such as the Park), 

conservation organizations, consultants, and academia.  Project-related issues may also be 

brought before the Endangered Species Recovery Committee for formal consideration when 

deemed appropriate by the NSF and DOFAW. 

  

Through its biological specialist, NSF will provide annual reports to DOFAW, the Park, and the 

Service that summarize the results of the construction mortality monitoring and any take that has 

occurred as well as assessments of the benefits of the conservation/mitigation actions.  These 

reports will also be provided to the Endangered Species Recovery Committee.   

 

Adaptive Management Program 

According to Service policy (65 Federal Register 35242, June 1, 2000), adaptive management is 

defined as a formal, structured approach to dealing with uncertainty in natural resources 

management, using the experience of management and the results of research as an on-going 

feedback loop for continuous improvement.  Adaptive approaches to management recognize that 

the answers to all management questions are not known and that the information necessary to 
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formulate answers is often unavailable.  Adaptive management also includes, by definition, a 

commitment to change management practices when determined appropriate. 

 

In the case of the ATST, some uncertainty exists in the proposed project, from estimated rates of 

take to the success of the proposed conservation/mitigation measures.  Fortunately, because of 

past studies conducted by many researchers on the effectiveness of fencing and predator control 

in improving breeding success of the Hawaiian petrel, the potential for success of the 

conservation/mitigation measures proposed for the species is also considered to be high.   

 

Beyond the first six years of landscape-scale management of ungulates and predators within the 

conservation/mitigation area, any subsequent years of implementation of these actions will 

depend on the level of take occurring as a result of construction activities relative to the success 

of the conservation/mitigation actions.   Additionally, if project conservation/mitigation actions 

are inadequate to offset the impacts to the Hawaiian petrel, contingency plans will be 

implemented as described in the contingency Conservation/Mitigation Action section of the 

Project Description.  If, for instance, the level of take does not reach that anticipated in the 

Effects Section, and provided for in DOFAW‟s Incidental Take License and 

conservation/mitigation efforts are more productive than the models suggest, certain efforts, such 

as the number of years of implementation of ungulate and predator control within the fenced 

conservation/mitigation area and the number of years of monitoring at the control site, would end 

in six years.  If, alternatively, conservation/mitigation actions have not, as of year six, 

demonstrably offset take levels that occurred as a result of the project, implementation of the 

landscape-level conservation/mitigation actions will continue to be implemented by NSF.  

Regardless of recorded take levels, avoidance and minimization measures will be employed for 

the duration of the ATST project.  These measures were described in Section 3.0-Project 

Description, above, and include vibration and noise restrictions, personnel training, and 

application of white paint on structures during construction. 

 

5.0  SPECIES STATUS AND BASELINE 

 

5.1   Status of the Species - Hawaiian petrel 

 

Taxonomy and Species Description 

The endangered Hawaiian petrel is a medium-sized seabird in the family Procellariidae 

(shearwaters, petrels, and fulmars).  The Hawaiian petrel is a large petrel, approximately 16 in 

long with a wing span of 3 feet.  Previously known as the dark-rumped petrel, the Hawaiian 

petrel, has a dark gray head, wings, and tail, and a white forehead and belly.  The Hawaiian 

petrel has a stout grayish-black bill that is hooked at the tip, and feet that are pink and black.   

 

Listing Status 

The Hawaiian petrel was listed as endangered on March 11, 1967 (32 FR 4001). 

 

Historic and Current Distribution 

The Hawaiian petrel was once abundant on all of the main Hawaiian Islands, except Niihau.  

Today, Hawaiian petrels breed in high-elevation colonies, primarily on east Maui and Mauna 
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Loa on Hawaii Island, on Lanai, and to a lesser extent, on Kauai, and probably Molokai, Lehua, 

and sea stacks off Kahoolawe.   

 

Based on pelagic observations, the total population including juveniles and subadults is 

estimated at 20,000 with a breeding population of 4,500 to 5,000 pairs (Spear et al. 1995, p. 629).  

Approximately 1,000 Hawaiian petrel burrows have been found in Haleakala National Park, 

Maui (Bailey, pers. comm. 2011b).  The colony on Mauna Loa is estimated to be approximately 

75 breeding pairs (Hu, pers. comm. 2008).   Kauai populations are difficult to assess, and Cooper 

and Day (1994, p. iv) estimated there were between 1,400 and 7,000 individuals on that island in 

1993.  Ainley et al. (1997, p. 28) estimated that there were 1,600 breeding pairs of Hawaiian 

petrel on Kauai.  A breeding colony of the Hawaiian petrel was rediscovered on Lanai in 2006, 

near the summit of Lanaihale.  Although the petrel colony was historically known to occur, its 

status was unknown and thought to have dramatically declined until surveys were conducted in 

2006 (Penniman, pers. comm. 2007).  The nesting habitat used by the Hawaiian petrel colony on 

Lanai is delineated by the approximate area of the uluhe ferns.  Monitoring and research on this 

population is ongoing, and its size has not been estimated with statistical confidence, but the 

population appears to be similar in abundance to the Haleakala population, where the largest 

number of breeding birds is currently known to exist (Penniman, pers. comm. 2007).   

 

Life History 

Seabirds nest on land and spend much of their time at sea where they are known to feed on squid, 

small fish, and crustaceans displaced to the surface by schools of tuna (Simons 1985).  Hawaiian 

petrels have been tracked taking single trips exceeding 6,200 mi (10,000 km) circumnavigating 

the north Pacific during the nestling stage (Adams et al. 2006).  Hawaiian petrels have been 

recorded in the Gulf of Alaska (Bourne 1965).  Annual survival rates for Hawaiian petrels range 

from 0.93 (in years with no predation to approximately 0.85 (estimated survival under moderate 

predation at Haleakala (Simons 1984 p. 1070).      

 

Like other procellariiformes, Hawaiian petrels are highly philopatric, returning to the same 

burrow and mate each year (Simons 1985 pp. 233-234).  Beginning in mid-February to early-

March, after a winter absence from Hawaii, breeding and non-breeding birds visit their nests 

regularly at night.  After a period of social activity and burrow maintenance they return to sea 

until late April, when they return to the colony site and egg-laying commences.  From mid-

March to mid-April, birds visit their burrows briefly at night on several occasions.  Then 

breeding birds return to sea until late April or early May, when they return to lay and incubate 

their eggs (Simons 1985).  Non-breeding birds visit the colony from February until late July 

(Simons and Hodges 1998, pp. 13-14).  Information provided by Bailey and Duvall (December 

9, 2010), confirmed by Fein‟s analysis of burrow camera data for the ATST site (Fein, pers. 

comm. 2009) indicating birds intermittently occupy their burrows during the day during this 

period as well.  Many non-breeders are young birds seeking mates and prospecting for nest sites, 

but some proportion is thought to be mature adults that will not breed.   

 

The mean date of egg-laying recorded on Haleakala in 1980 and 1981 was May 8 (Simons 1985 

p. 234).  The percentage of years in which adult females laid eggs was estimated to be 89 percent 

(Simons 1985 p. 234).  Fecundity (fledglings produced per egg laid) appears to be primarily 

dependent on rate of predation.  Moderate predation is likely to depress fecundity to 0.49 
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(Simons 1985 p. 237).  Although Hawaiian petrel nests may fail when they abandon and crush 

eggs during incubation, higher fecundity (0.72 (Simons 1984 p. 1068)) occurs when predators 

are absent.  Annual survival for juveniles at sea is 0.834 (Simons 1984 p. 1070).  

Male and female birds alternate incubation attendance in shifts lasting approximately two weeks.  

Total incubation period ranges from 45 to 58 days.  If the male is in attendance when the female 

lays the egg, he will take the first incubation shift, if not, the female will take a short incubation 

shift, awaiting the return of the male.  Eliminating the first and last incubation shifts, which are 

shortened by the events surrounding egg-laying and hatching, the overall average shift length is 

16.47 days (+/- 4.19 days) (Simons 1985 p. 234).  The adult‟s incubation shift is relieved when 

the other parent returns to the nest after an extended foraging trip at sea.  Incubating adult 

Hawaiian petrels spend almost 95 percent of their time sleeping with their bills buried in their 

scapular feathers, 3 percent of their time resting quietly in their nest, and the final 2 percent of 

the time arranging nest material or preening (Simons 1985 p. 235).  Given weight loss 

measurements by Simons (1985 p. 235), undisturbed birds lose 1.54 percent of their initial body 

weight per day when incubating an egg.  Simons (1985 p. 235) estimated that a male petrel 

which he found taking a 23-day incubation shift may have lost 35.5 percent of its body weight 

during the shift.  Egg temperature and evaporative water loss are controlled by the incubating 

adult. Because the metabolism of awake, resting birds is almost twice that of sleeping birds 

(Simons 1985 p. 235), disturbance of incubating birds‟ sleep could potentially result in more 

rapid weight loss and an inability of the adult to stay on the egg until its mate relieves it.  

Although one egg, neglected for three days during the middle of the incubation period, did 

successfully hatch, the extent to which eggs can tolerate the absence of the incubating adult is 

not known (Simons 1985 p. 235). 

 

During the incubation period, many non-breeding birds also inhabit the colony.  Many of these 

are young birds gaining experience seeking mates and prospecting for nest sites; others are 

experienced breeders that did not elect to breed.  Non-breeders and failed breeders typically 

begin leaving the colony once the eggs have hatched.  By September, the only birds visiting the 

colony are adults returning to feed their chicks.  Chicks do not appear to require much brooding 

from their parents.  Adults depart from the nest to forage at sea within one to six days after the 

chick hatches.  They remain at sea, absent from the next except when they feed chicks (Simons 

and Hodges 1998, p. 16-17).  Chicks spend 66 percent of their time alert, resting quietly, 26 

percent of their time sleeping, 6 percent of their time preening or stretching, and 2 percent of 

their time walking around.  Nocturnal feeding by one parent occurs approximately every other 

day until the chick is 90 days old.  After 90 days, adults appear to continue to feed chicks until 

the chick refuses food.  Chicks fledge between late September and late October, after an average 

of 111 days after hatching.  Although adults are occasionally observed to remain after fledglings 

depart, colonies generally are empty by the end of November (Simons 1985 p. 232).  A hiatus of 

only about three months occurs between the end of one breeding season and the beginning of the 

next.  Hawaiian petrels are thought to begin breeding at about five or six years of age, and 

roughly 90 percent of breeding-age birds attempt to breed each year (Simons 1984, p. 1067).     

 

Alaska Biological Research, Inc. (ABR)(1995, pp. 32-34) found that Hawaiian petrels flew 

inland to their nesting areas primarily between sunset and the point of complete darkness.  In the 

morning hours, Hawaiian petrels first move to sea while it was completely dark, starting 60 

minutes prior to sunrise, and movement rates increased rapidly until they peaked just after the 
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point of complete darkness had been crossed and movement continued at a decreasing rate until 

sunrise (ABR 1995, pp. 32-34).   

 

Habitat Description 

 

On Hawaii and Maui, Hawaiian petrels have been pushed to the limits of their habitat, nesting in 

the cold, xeric environment above 8,000 feet primarily in national parks.  On Kauai, there is 

evidence that Hawaiian petrels nest at lower elevations in densely vegetated rainy environments 

(Ainley et al. 1997, p. 24).  Hawaiian petrels are colonial and nest in burrows, crevices in lava, or 

under ferns.  Burrows detected on Haleakala occur almost exclusively on lava substrates; 

burrows are located within existing crevasses or excavated in softer material adjacent to rock to 

boulder-sized lava fragments.  Their burrows are generally 3- to 6-ft (one- to 1.8-m) long (from 

entrance to nest chamber), although some may be as long as 30 feet (9.1 m) (Simons and Hodges 

1998, p. 14).   

 

Threats, Recovery Strategies, and Ongoing Conservation Measures 

Hawaiian petrels were abundant and at one time, widely distributed; their bones have been found 

in archaeological sites throughout the archipelago (Olson and James 1982a, p. 32).  This species 

has no natural terrestrial predators other than the pueo, or Hawaiian short-eared owl, (Asio 

flammeus sandwichensis).  Early Polynesian hunting; predation by introduced mammals such as 

Polynesian rats (Rattus exulans), dogs, and pigs; and habitat alteration caused initial decline of 

the Hawaiian petrel population and probably its extirpation from Oahu (Olson and James 1982b, 

p. 634).  The introduction of cats, mongoose, and two additional species of rats (R. rattus and R. 

norvegiceus) since Euro-American contact along with accelerating habitat loss has led to small 

relict colonies of Hawaiian petrels in high-elevation, remote locations.  The primary reason for 

the relatively large numbers of petrels and their successful breeding around Haleakala summit 

today is the fencing and intensive predator control maintained by the Park since about 1982.  If 

current elevated levels cat of predation continue, significant declines in even the Park‟s relatively 

protected Hawaiian petrel population are likely (Bailey pers. comm., 2011).  Elsewhere on Maui 

and in Hawaii, the Hawaiian petrel faces severe threats from non-native predators including rats, 

cats, mongoose, and introduced barn owls (Tyto alba).  Other significant anthropogenic sources 

of Hawaiian petrel mortality are light attraction and collision with communications towers, 

power transmission lines and poles, fences, and other structures (Simons and Hodges 1998, pp. 

21-22).  These problems are likely to be exacerbated by continuing development and 

urbanization throughout Hawaii.  Predator control in key habitat areas, the establishment of bird 

salvage-aid stations, and light attraction studies have been initiated to help conserve the 

Hawaiian petrel. 

 

The recovery goals for the Hawaiian petrel include: 1) protect and enhance existing colonies; 2) 

create new colonies; 3) mitigate new and existing threats by a) implementing prioritized 

management actions, and b) undertaking research and outreach to support those actions.  Actions 

identified to accomplish these goals for Hawaiian petrel include conducting surveys for existing 

colonies, controlling threats at the highest priority colonies, and minimizing and monitoring 

terrestrial threats away from the colonies (light attraction, power line collisions). 
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DOFAW has been conducting auditory surveys for new areas containing nesting Hawaiian 

petrels through the Kauai Endangered Species Recovery Program and will use the same colony 

ranking criteria to identify where the goals of the action plan can be most successful.  As 

discussed above, only two known nesting colonies occupied by Hawaiian petrel (Hono o Na Pali 

Natural Area Reserve and Upper Limahuli Valley) are currently suitable for immediate 

implementation of management actions focused on increasing seabird survival and reproduction.  

The State has developed a management plan for the Hono o Na Pali NAR that includes feral 

ungulate control, but little work has been implemented due to the lack of funding.  A 400-acre 

portion of the privately-owned Upper Limahuli Preserve has been fenced to create an ungulate 

free area known to contain nesting Hawaiian petrels.  Efforts to control feral cats within the 

Preserve has begun, but the landowner does not have funds to sustain the efforts. 

 

Efforts to conserve nesting colonies of Newell‟s shearwater also benefit Hawaiian petrel, but 

they have been primarily limited to constructing ungulate fencing around remaining areas of 

relatively intact habitat (Wainiha Valley, Upper Limahuli Valley, etc.).  The only active control 

of cats and/or rats within an area occupied by nesting Hawaiian petrels on Kauai (on private 

property in Upper Limahuli Valley) began in 2009, but the program has no secure funding source 

to continue the efforts beyond that which would be available through a proposed short-term 

HCP.  

 

Efforts to recover and release downed, but still living, seabirds through the Save our Shearwaters 

program also apply to Hawaiian petrels.  Efforts underway to reduce the level of light attraction 

and power line collisions described for Newell‟s shearwater also reduce these threats to 

Hawaiian petrel. 

  

5.1.1  Environmental Baseline (Status of the Species in the Action Area) 

 

The environmental baseline describes the status of the species and factors affecting the 

environment of the species or critical habitat in the action area of the proposed project.  The 

baseline usually includes State, local, and private actions that affect a species at the time the 

consultation begins.  Unrelated Federal actions that have already undergone formal or informal 

consultation are also a part of the environmental baseline.  Federal actions within the action area 

that may benefit listed species or critical habitat are also included in the environmental baseline.  

The environmental baseline describes the species‟ health at a specified point in time, and it does 

not include the effects of the action under review in this consultation.  The action area of a 

project is defined by regulation as all areas to be affected directly or indirectly by the Federal 

action and not merely the immediate area involved in the action (50 CFR §402.02).   

 

Nesting habitat of the Hawaiian petrel currently is at elevations above 7,200 ft (2,195 m), 

although historically the species may have nested at lower elevations (Service 1983).  Based on 

our analysis of the latest Hawaiian petrel burrow GPS location data (Bailey, 2010), there are 203 

Hawaiian petrel burrows located within the action area, including 31 which occur within 1,250 ft 

(381 m) of the ATST construction site (Figure 17).  Census of the 328-acre 

conservation/mitigation area conducted in 2010 (Fein pers. comm. 2010) indicates there are 

currently 164 burrows in the area proposed for ungulate and predator control. 
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The largest known nesting colony of Hawaiian petrels is located in and around the Park (Simons 

and Natividad Hodges, 1998).  Recent increases in cat predation observed in east Maui Hawaiian 

petrel colonies have contributed to a decline in the number of Hawaiian petrels in this 

population; continued cat predation could lead to significant declines (Bailey pers. comm., 

2011).  There are four Hawaiian petrel burrow clusters, and a number of isolated burrows, within 

approximately 1,250 ft (381 m) of the ATST construction site, totaling approximately 31 

individual burrows (Figure 17).  Burrow clusters and individual burrows to the west and the 

northwest of the construction site historically have not been highly used by nesting Hawaiian 

petrels (Bailey, pers. comm. 2009a); approximately 5 to 10 burrows (mostly inactive) are 500 to 

800 ft (244 m) from the construction site to the west.  Approximately 74 active burrows are 

known to occur within the conservation/mitigation area (Fein, 2011).  Several burrows are 

northwest of Haleakala Observatories and additional burrows occur within the action area along 

the Park road (Figure 18) (NPS, 2003). 

 

 
Figure 17.  The Hawaiian petrel colony adjacent to the ATST construction site.  

 

Vegetation is sparse in nesting areas on Haleakala Crater owing to the high elevation and dry 

environment; within the proposed action area vegetation is predominantly grass (Deschampsia 

australis) and bracken fern (Pteridium aquilinum).  The rocky substrate is disturbed in the 

immediate area around the construction site due to previous construction activities.  There are no 

shrubs in this area.  Hawaiian petrel nesting burrows are located among rock outcrops, under 

boulders, within the cinder substrate, and along cliff faces.   

 

During fall 2004, ABR, Inc. conducted a study for the Maui Space Surveillance Complex (ABR, 

2005).  Using ornithological radar and visual sampling techniques, this study‟s objective was to 

determine movement patterns of Hawaiian petrels near the summit of Haleakala, including 

spatial movement patterns, temporal movement patterns, and flight altitudes.  Many of the 

patterns observed in this study matched what is known about the biology of the Hawaiian petrel.  
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Breeding adults, non-breeding sub-adults, and adults are active in the summer when the 

displaying non-breeders are active and fly erratically and circle the colonies at low altitudes.  In 

contrast, only adults visit the colonies during the fall, when they simply fly in and land at 

burrows to feed young.  It is suspected that fewer birds were seen on the radar in the vicinity of 

the Maui Space Surveillance Complex than near the crater because the crater is much more 

active for breeding and displaying birds than is that part of the colony along the southwestern 

ridge (i.e., the ridge on which the observatories and the FAA site are located). 

 

 
Figure 18.  Petrel burrows near the summit of Haleakala and Hawaiian 

Goose nesting area. 
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Threats to the Species and Conservation Needs in the Action Area  
Known causes of Hawaiian petrel mortality on Haleakala from 1994 to 2003 included predation 

by dogs, cats, rats, mongoose and non-native owls, collision with anthropogenic structures (such 

as fences, buildings, utility poles, and vehicles) attraction and confusion by anthropogenic light 

sources, habitat degradation (for instance burrow collapse by feral ungulates), and disturbance 

from vehicles, hikers, fences, road resurfacing, and other human activities (Natividad Bailey, 

pers. comm. 2009).  Hawaiian petrels are believed to navigate by stars, so man-made lights may 

confuse them in-flight.  These birds will fall to the ground in exhaustion after flying around 

lights, where they are susceptible to being hit by cars or attacked by predators (Simons and 

Natividad Hodges, 1998).  During the 2006 nestling season, petrel burrow cameras captured 

video of feral ungulates and rats visiting burrows at the Haleakala Observatories colony (Fein, 

pers. comm. 2007).  The GTE Hawaiian Telephone Company Inc., building in the saddle, 

northeast of the ATST site was struck by an adult petrel (during a period when it had an external 

light) and a juvenile petrel died as a result of flying into a rock outcropping in the Haleakala 

Crater on its fledgling flight to sea (Bailey, pers. comm. 2006b).  Over a two year period in the 

1980s, when a new fence, with barbed wire, was built along the Park boundary, 26 birds were 

recovered along the fence.  Prior to fence construction, only 15 petrel burrows were known to 

occur within the Park and now, possibly owing to ungulate exclusion and predator control 

implemented by the Park, thousands of burrows are currently recorded in this area.  

 

Hawaiian petrels are long-lived birds with low fecundity, delayed maturity and no evolutionary 

adaptation to mammalian predators.  Therefore, depredation from introduced predators has a 

dramatic effect on the productivity and persistence of populations.  Annual reproductive success 

of Hawaiian petrels on Haleakala varies (63.4 percent, range 38 to 82; Simons 1985, Hodges 

1994) and is consistent with rates documented for other Procellariformes (Warham 1990).  

Hodges and Nagata (2001) compared nesting success in areas that are not protected from 

predators to areas with predator control.  Since 1982, the Park has been maintaining 300 small 

mammal (i.e., cat and mongoose) live traps, including 68 traps within areas occupied by 

Hawaiian petrels, two of which are located within Haleakala Observatories.  On average, nesting 

success was 14 percentage points higher in areas protected by live traps than in unprotected 

areas.  Even with the 300 live traps in place, predation accounts for 36 percent of known causes 

of mortality of Hawaiian petrels.  Bailey‟s data (pers. comm. 2006b) suggests that the high 

elevation of the Haleakala Observatories appears to preclude use of the site by cats and 

mongoose, and no cats or mongoose have been spotted on the petrel burrow cameras installed at 

this site (Fein, pers. comm. 2006a).  Rats were responsible for the majority (41 percent) of 

predation at all sites studied by Hodges and Nagata (2001) because while live trapping appears to 

prevent increases in rat populations, it is not intensive enough to eliminate these predators from 

the site.   

 

Informal monitoring of petrel burrow camera images in the summer of 2006 indicated that rats 

were visiting the petrel burrows in the vicinity of the Haleakala Observatories (Fein, pers. comm. 

2007), even though two Park live traps are maintained at that site (Hodges and Nagata, 2001).  

Feral ungulate exclusion, predator control, and minimization of human disturbance are priority 

actions for the conservation of Hawaiian petrels in the action area.   
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5.2  Status of the Species - Hawaiian goose 

 

Taxonomy and Species Description   
The Hawaiian goose is a medium-sized goose, with an overall length of approximately 25 to 27 

in (63 to 69 cm).  The crown and the back of the neck are black, with a bright, cream-colored 

cheek patch.  The sides of the neck are paler beige with deep furrows which are unique among 

waterfowl (Banko et al. 1999).  This species is adapted to a terrestrial and largely non-migratory 

lifestyle in the Hawaiian Islands with limited freshwater habitat.  Adaptations to a terrestrial life 

include greatly reduced webbing between the toes, and a relative increase in leg size (Olson and 

James 1991).  Hawaiian goose wings are 16 percent smaller and their flight is weaker than the 

closely related Canada goose.  Nonetheless, Hawaiian geese are capable of both interisland and 

high altitude flight (Banko et al. 1999). 

 

The Hawaiian goose was federally listed as endangered in 1967 (Service, 1967).  The original 

Nene Recovery Plan was written in 1983.  A Draft Revised Recovery Plan for the Hawaiian 

Goose was published in 2004 and incorporated a considerable amount of new information in the 

fields of genetics, paleontology, nutrition, behavior, effects of predation, and predator control.  

The plan also recommended a shift in recovery efforts to include more intensive habitat 

management and releases of captive-reared birds at lower elevations (Service 2004).  Critical 

habitat has not been designated. 

 

Historical and Current Distribution   
Fossil evidence indicates Hawaiian geese occurred historically on all the main Hawaiian Islands.  

They were believed to be abundant (about 25,000 birds) on the island of Hawaii before the 

arrival of Captain James Cook in 1778 (Service 2004).  Currently, there are wild populations of 

Hawaiian geese on the islands of Hawaii (503 individuals), Maui (425 individuals), Molokai 

(152 individuals) (Nene Recovery Action Group 2008, pers. comm. 2008), and Kauai (850 to 

890 individuals) (Nene Recovery Action Group 2009, pers. comm. 2009).   

 

After nearly becoming extinct in the 1940s and 1950s, the population has slowly been rebuilt 

through captive-breeding programs.  The main limiting factors currently affecting Hawaiian 

goose recovery are predation by introduced mammals, insufficient nutritional resources for both 

breeding females and goslings, limited availability of suitable habitat, and human-caused 

disturbance and mortality (Service 2004).  In order for Hawaiian goose populations to survive, 

they must be provided with generally predator-free breeding areas and sufficient food resources, 

human-caused disturbance and mortality must be minimized, and genetic and behavioral 

diversity maximized.  At the same time, it is recognized that Hawaiian geese are highly 

adaptable, successfully utilizing a gradient of habitats, ranging from highly altered to completely 

natural, which bodes well for the recovery of the species (Banko et al. 1999).    

 

Life History   
Hawaiian goose have an extended breeding season with eggs reported from all months except 

May, June, and July, although the majority of birds in the wild nest during the rainy (winter) 

season between October and March (Banko et al. 1999).  Nesting peaks in December and most 

goslings hatch from December to January (Banko et al. 1999).  Hawaiian geese nest on the 

ground, in a shallow scrape in the dense shade of a shrub or other vegetation.  A clutch typically 
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contains three to five eggs, and incubation lasts for 29 to 31 days.  While the female incubates 

the eggs, the male stands guard nearby, often from an elevated location.  Once hatched, the 

young remain in the nest for one to two days (Banko et al. 1999).   

 

Fledging of captive birds occurs at 10 to 12 weeks, but may occur later in wild birds.  During 

molt, adults are flightless for a period of four to six weeks, generally attaining their flight 

feathers at about the same time as do their offspring.  When flightless, goslings and adults are 

extremely vulnerable to predators such as feral domesticated dogs and mongooses.  From June to 

September, family groups join others in post-breeding aggregations (flocks), often far from 

nesting areas.   

 

Habitat Description 

The current distribution of Hawaiian geese has been highly influenced by the location of release 

sites for captive-bred birds.  Hawaiian geese are known to occupy various habitat and vegetation 

community types ranging from coastal dune vegetation and non-native grasslands (such as golf 

courses, pastures, and rural areas) to sparsely vegetated low- and high-elevation lava flows, mid-

elevation native and non-native shrubland, cinder deserts, native alpine grasslands and 

shrublands, and open and non-native alpine shrubland-woodland community interfaces (Banko et 

al. 1999).  Hawaiian geese are browsing grazers.  The composition of their diet depends largely 

on the vegetative composition of their surrounding habitats and they appear to be opportunistic in 

their choice of food plant as long as they meet nutritional demands (Banko et al, 1999).  

Hawaiian geese may exhibit seasonal movements to grasslands in periods of low berry 

production and wet conditions that produce grass with a high water content and resulting higher 

protein content.  The distribution of Hawaiian goose nests generally has also been associated 

with the location of release sites of captive-bred individuals since 1960.  The sites used by the 

Hawaiian goose for nesting range from coastal lowland to subalpine zones and demonstrate 

considerable variability in physiognomic features (Banko et al, 1999).  Nest sites studied at the 

Park were located in well-vegetated habitat.  During the breeding season, Hawaiian geese were 

observed feeding mainly on berries and other plant items found near their nest sites.  Although 

some birds supplemented their diets by feeding in grasslands due to declining berry density, 

during the pre- and non-breeding season their principal foods were cultivated grasses.   

 

Threats, Recovery Strategy, and Ongoing Conservation Measures   

The primary limiting factors currently affecting Hawaiian goose recovery are predation by 

introduced mammals, insufficient nutritional resources for both breeding females and goslings, 

limited availability of suitable habitat, and human-caused disturbance and mortality (Service 

2004).  In 2008, on the island of Hawaii, as a result of being struck by vehicles, four Hawaiian 

goose deaths occurred on a recently completed portion of Saddle Road and three Hawaiian goose 

deaths occurred on the Mauna Kea Access Road. 

 

In order for Hawaiian goose populations to survive, they must be provided with relatively 

predator-free breeding areas and sufficient food resources; human-caused disturbance and 

mortality must be minimized and genetic and behavioral diversity maximized.  At the same time, 

Hawaiian geese are highly adaptable, successfully utilizing a gradient of habitats, ranging from 

highly altered to completely natural, which bodes well for the recovery of the species.  The goal 

in the Service‟s Draft Revised Recovery Plan is to enable Hawaiian goose conservation by 



Dr. Craig B. Foltz  53 

utilizing a mix of natural and human-altered habitats in such a way that meets the life history 

needs of the species and promotes self-sustaining populations at or above recovery target levels 

(Service 2004).  Past captive releases were conducted in conjunction with predator control and 

habitat manipulation (Service 2004).  Captive breeding of the Hawaiian goose has been curtailed 

due to increased numbers in various sites, particularly Kauai Lagoons Resort on Kauai.  Birds 

have greater survival when they are released at low- to mid-elevation sites, with access to more 

grassland habitats, and are parent- or foster-parent reared (Black et al. 1997).    

 

5.2.1   Environmental Baseline of the Species (Status of Species in the Action Area)  

 

The Park has served as a primary release site for the Hawaiian goose since 1962.  As of 2003, 

511 Hawaiian geese had been released there.  In the 1960s and 1970s, approximately 20 to 50 

birds were released into the Park each year.  Since 1994, 18 Hawaiian geese have been released 

at Haleakala (Service 2004).  Currently, there are approximately 250 to 350 Hawaiian geese in 

the Haleakala population (Bailey, pers. comm. 2010).  The birds occur primarily in the lower 

elevation, more heavily vegetated north aspects of the Park.  Hawaiian geese breed in areas 

immediately adjacent to the Park entrance station in addition to the 1,316 ac (533 ha) of similar 

vegetation in the lower elevations of the Park (Figure 18). 

 

Reports of Hawaiian geese occurring, either on the ground or in flight, outside the Park boundary 

constitute approximately 0.14 percent of the total occurrences recorded by the Park since 1988.  

Of the Hawaiian goose occurrences reported outside the Park, most were from sites immediately 

below the Park in various locations in Kula; very few were observed along the road.  

Observations were made by both trained biologists and the public: thus, detailed location 

information was not available for all of the observations (NRAG 2010).  While the Hawaiian 

goose has been known to fly over the area that will be within the proposed 

conservation/mitigation area, the summit area is outside the known feeding range of the bird.   

 

Threats to the Hawaiian Goose within the Action Area 

Current threats to the Haleakala Hawaiian goose population include predation, nutritional 

deficiency due to habitat degradation, a lack of lowland habitat, human-caused disturbance, road-

kills, behavioral problems, and inbreeding depression.  Dogs, cats, mongoose, roof rats, and pigs 

prey on Hawaiian geese, while feral cattle, goats, pigs, and sheep have been known to alter and 

degrade Hawaiian goose habitat through their foraging activities.  A total of 21 Hawaiian geese 

were killed on the Park road between 1988 and 2008 (Bailey (pers. comm. 2006c); since 1979, a 

total of 34 birds have been killed on the road (NRAG, 2010) (Figure19).  Two of these occurred 

outside the Park boundary (in January 1994 and January 1999, 11 miles and 1 mile below the 

park entrance respectively).  Both Hawaiian geese killed outside the Park were part of the Park 

population.  An average of between 600 and 900 round-trips per day are driven through areas of 

the Park occupied by the Hawaiian goose (Bailey, pers. comm. 2006c).  Highest vehicle 

mortality occurs in the winter and fall when Hawaiian geese are seen on the Park road more 

frequently (Bailey, pers. comm. 2006c). 
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Figure 19.  Locations of Hawaiian goose vehicle collisions within and outside the Park. 
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6.0   EFFECTS ANALYSIS 

 

Table 4 summarizes the primary adverse impacts addressed in this Biological Opinion in 

addition to measures NSF proposes to avoid, minimize, and offset or mitigate for these effects.  

 

Table 4.  Summary of effects of the project to the Hawaiian petrel and Hawaiian goose addressed 

during the formal Section 7 consultation process. 
Project Effects Measures Adopted to Avoid, Minimize, and Offset Impacts

Collision of Hawaiian petrels with 

equipment, and buildings

Framing lattice structures will be pre-painted white, construction crane will be 

lowered at night and marked with white visibility polytape, polytape will be 

incorporated into conservation fencing. All completed structures will be painted 

white. Outdoor lighting will not be used.

Burrow collapse from construction 

vibration and trampling

Engineers set ground vibration threshold for burrow collapse. Vibration will be 

monitored and restricted to minimize the likelihood of burrow collapse.

Reductions in breeding attempts and 

reproductive success resulting from 

disturbance to adult birds

A 328-ac (133 ha) mitigation area surrounding the Haleakala Observatories will be 

fenced and managed to achieve project net benefit for the Hawaiian petrel.

Predator population increase Trash will be contained. Rat predation at the Haleakala Observatories Hawaiian 

petrel colony will decrease as a result of project's predator control efforts.

Transport of invasive species to Haleakala 

/ incidental trapping of Hawaiian petrels in 

predator traps

Cargo will be thoroughly inspected for introduced non-native species. All ATST 

facilities and grounds will be thoroughly inspected for introduced species on an 

annual basis and any introduced species found will be eradicated. Mammal traps 

will be monitored every other day.

Reduction of Hawaiian petrel population 

size

Installation and maintenance of fencing and predator control measures to 

facilitate development of the Hawaiian petrel population within a 328-ac (133 ha) 

conservation area.

Hawaiian goose vehicle strike Traffic calming device installation to minimize and offset ATST vehicle impacts, 

restoration site revegetation designs to minimize plants that attract geese, and all 

ATST drivers will receive a briefing and a refresher every breeding season to 

further reduce the risk that a vehicle associated with the project will hit a 

Hawaiian goose.

Trampling and handling of Haleakala 

silversword

Three hundred Haleakala silversword  plants will be propagated and 

outplanted. When a plant occurs in an area where construction or maintenance 

disturbance is unavoidable, it will be transplanted.  
 

6.1   Effects Analysis - Hawaiian petrel 

 

During the pre-consultation process, the Service, DOFAW, and NSF worked cooperatively to 

develop avoidance and minimization measures to reduce impacts of the project to the Hawaiian 

petrel.  NSF incorporated conservation/mitigation measures into the proposed action to minimize 

the impacts of the project and to avoid incidental take of Hawaiian petrels based on an analysis 

conducted by NSF-contracted seabird biologist Nick Holmes.  Avoidance and minimization 

measures include building frame equipment and fence visibility markings, construction 

scheduling, Hawaiian petrel monitoring and research, and predator control and invasive species 

interdiction and control (see Table 1).   

 

6.1.1   Collision with Buildings, Equipment, and Fencing 

 

There is a risk that Hawaiian petrel injury or mortality can occur due to collisions with the 

equipment and buildings associated with the project.  Collision with structures such as poles, 

buildings, vehicles, and lights, accounted for the death of 37 Hawaiian petrels (accounting for 26 

percent of all detected Hawaiian petrel mortality, and the death of an average of 1.1 birds/year), 
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in the vicinity of the Park and Haleakala Observatories between 1964 and 1996 (Hodges and 

Nagata 2001).   

 

Birdstrikes on Fences 

According to Bailey (pers. comm. 2006b) the death of 26 of the 37 Hawaiian petrel mortalities 

are attributed to collisions (Hodges and Nagata 2001) with fences containing barbed wire.  These 

fences were constructed to exclude ungulates from the Park in the 1980s.  Two years after the 

fences were constructed, the barbed wire was removed from the fences.  Park fences have been 

checked approximately once per month and, since the barbed wire was removed, no downed 

birds have been observed near Park fence lines (Bailey pers. comm. 2010).  In addition, because 

the proposed conservation/mitigation fences will be marked with white polytape (Figure 20), 

Hawaiian petrels are unlikely to strike the proposed conservation/mitigation fencing. 

 

Research conducted by Swift (2004) and unpublished observations by Penniman and Duvall 

2006, and Penniman (pers. comm. 2009) indicate that Hawaiian petrels avoid collision when 

objects are visible.  Both the Swift (2004) and Penniman and Duvall (2006) applications of 

visibility marking found that the incorporation of strips of white, non-reflective electric fence 

polytape or similar material into fences reduced the risk of Hawaiian petrel collision.  Before the 

installation of white visibility tape, birds were heard colliding with a new ungulate exclusion 

fence in the vicinity of a Hawaiian petrel colony on Lanai on two occasions.  Since the white 

electric fence polytape was installed (Figure 20), no bird collisions with the fence have been 

heard and no downed birds have been found (Penniman pers. comm. 2009).  Swift (2004) noted 

that birds appear to exhibit late avoidance behaviors when approaching marked fences, which 

they did not display when approaching unmarked fences, indicating that the apparent 100 percent 

successful avoidance of marked fences is due to the birds‟ visual detection of the white tape.   

 

 
Figure 20.  Electric fence polytape improves visibility of lattice 

structures (photograph by Jay Penniman, DOFAW, 2006). 
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Birdstrikes on Buildings and Equipment 

During the construction phase of ATST, the exposed materials and equipment present a potential 

strike risk to flying Hawaiian petrels.  Ornithological radar and visual data collected during 2004 

and 2005 (Day and Cooper 2004a, Day and Cooper 2004b, and Day et al. 2005, pp. 18-20) 

indicate that the proposed ATST construction site is located within a Hawaiian petrel flight path.  

The ornithological radar data indicates that birds tend to fly along the sides of the cliffs and 

through saddles on either side of the proposed ATST construction site, although they do also fly 

over the top of the peak, where the ATST is proposed for construction (Figure 21).   

 

 
Figure 21.  Diagrams from Day et al. 2005 indicating Hawaiian petrel 

flight paths documented in the vicinity of the Haleakala Observatories 

site (the proposed ATST will be located south of the red triangle in the 

upper picture; the red triangle in the lower picture is located at the ATST 

site). 
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Airspace used by Hawaiian petrels in the immediate vicinity of the Haleakala Observatories 

burrows is expected to increase in the long term as a result of expected increases in population 

size resulting from conservation/mitigation activities implemented as a result of this project and 

others.  A Hawaiian petrel struck a small utility building, which at the time had an outdoor light, 

in a topographic saddle in the vicinity of the proposed ATST site (Bailey pers. comm. 2006b).  

The light has been removed to minimize potential attraction of seabirds.  Additional Hawaiian 

petrel mortality has resulted during the fledging period, when naïve fledglings collide with 

structures and rock outcroppings on their first flights to the open ocean (Bailey pers. comm. 

2006b).  To minimize flight hazards to Hawaiian petrels, building frame materials and the lattice 

structure of construction cranes will be painted white or marked with white polytape, as 

described in the Project Description.  A large construction crane, which will be at the 

construction site for approximately five years, and a smaller crane and other equipment could 

pose a flight obstacle to fast-flying Hawaiian petrels during the breeding season.  In order to 

minimize the collision risk, the cranes‟ lattice structures will be lowered each night, to a height 

of 14 ft (4.3 m) or less, parallel to the road and the booms will be painted white or draped with 

visible white electric fence polytape. 

 

The white polytape visibility flagging which will be secured over the large ATST construction 

crane at night between February 1 and November 30 will contain a five times greater density of 

flagging than the flagging used in the Lanai fences studied by Swift (2004) and Penniman (pers. 

comm. 2009) and described above.  Therefore, we anticipate that the large crane will be visible 

to Hawaiian petrels flying in the area.  Measures to increase visibility of the smaller ATST 

cranes and other structures via taping and white paint are outlined in the Project Description 

section; however, these structures will still retain some “through visibility” (when a bird can see 

through an object such as lattice or open weave) during the 5-year construction period and heavy 

clouds and fog may reduce the visibility of the structures and equipment.   

 

Overview of Birdstrike Calculations of Direct and Indirect Mortality   

Flight passage and avoidance rates were modeled based on the best available information.  

Mortality resulting from birdstrike will be monitored and direct take will be calculated based on 

observed carcasses and adjustments for carcass removal rate, percentage of the area searched, 

and searcher efficiency rate.  If, for instance, a carcass removal factor of 0.1 were to be the case, 

0.3 of the total search area is not covered, and searcher efficiency rate is 0.9, one carcass found is 

adjusted to an actual birdstrike of 1.5 birds (see Birdstrike Monitoring section of the Project 

Description for model details).  Indirect take will be calculated to incorporate reduced breeding 

success of the nest the struck bird would have tended during the breeding season.   

 

Calculations of Flight Passage rates and Object Avoidance Rates  

Although building frame material will be pre-painted white to increase visibility to Hawaiian 

petrels, the large frame structures are likely to pose a flight hazard to the birds.  To assess this 

risk, we first determined the passages rate and interaction through the airspace of the large 

structures (flight passage rate) and second, estimated the likelihood they would avoid the object 

if it blocked their flight path (avoidance rate).   
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Flight Passage Rate Calculations 

The Service (2009) previously estimated flight passage rate through the three major structures of 

the ATST airspace (support and operations building, lower enclosure, upper enclosure) using 

ornithological radar data from Cooper and Day (2005) and Day et al. (2005, pp. 18-20), and 

based on equations developed by Tucker (1996).  The Tucker (1996) model is based on 

interactions with turbine structures, and Cooper and Day (2005) subsequently modified this 

model.  The application of the Cooper and Day model to generate interaction probabilities and 

subsequent fatality rates for the ATST facility has several limitations, including but not limited 

to the following:  

 

1) The model is designed to determine interaction with solid, albeit low visibility, objects 

(towers), whereas the ATST facility will not be a solid object, but rather a 

conglomeration of several solid low visibility objects (e.g. metal framework). 

Determining the risk of each of these objects with the estimated duration of Hawaiian 

petrel exposure is not practical with current information. 

 

2) The model only uses data from a limited number of survey nights, with little assessment 

of variation in flight behavior during different weather conditions.  For example, 

Hawaiian petrels and Newell‟s shearwaters will fly lower when fog or low cloud is 

present (Ainley et al. 1995). 

 

The Cooper and Day data, in conjunction with building size measurements indicate that 15.3 

birds per year fly through the airspace occupied by the lower and upper enclosure each and 15.0 

birds per year fly through airspace to be occupied by the support and operations building.  The 

figures, and subsequent fatality estimates, should not be considered a comprehensive assessment 

of take during the ATST construction, but rather they are the best available information used to 

calculate anticipated levels of take for this analysis.  

 

Avoidance Rate Calculations 

Determining a potential birdstrike or avoidance rate during ATST construction with 

minimization procedures in place is problematic because of a lack of suitable comparative data.  

Ideally species-specific and site-specific data should be used when assessing collision and 

avoidance rates (Fox et al. 2006, Chamberlain et al. 2006).  There is a lack of data on the 

avoidance and collision of Hawaiian petrels with structures (Podolsky 2004, Cooper et al. 2007, 

Sanzenbacher and Cooper 2008, 2009), and more importantly a lack of comparative studies with 

colonial breeding bird species where the mechanism of strike may occur as at the proposed 

ATST facility, within 328 ft (100 m) of a breeding site (NSF 2009).   

 

Birdstrike rates determined from construction phases of previously built observatories at 

Haleakala would provide site-specific comparative data; and while opportunistic observations 

suggest no strike occurred (Bailey pers. comm. 2010), it appears that no formal monitoring was 

undertaken during these construction periods, and thus no empirical data is available on the 

strike rate (KWP 2006, Bailey pers. comm. 2009a).  Notably, opportunistic observations suggest 

no birdstrike has occurred at the Haleakala visitor center, where the nearest burrow is 

approximately 3 mi (5 km) away (Bailey pers. comm. 2009).  Habituation to the visitor center 

building may play a key role in this observation, given these building was constructed in the 
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1930s when only 15 burrows were known from the immediate area, and subsequent recruitment 

has occurred with this building occupying Hawaiian petrel airspace.   

 

Using a comparative strike rate of zero from taped (visible) fences around Hawaiian petrel 

colonies on Lanai and Hawaii Island (Swift 2004, unpublished observations by Penniman and 

Duvall 2006) may underestimate birdstrike during ATST construction because these fences are 

rarely greater than 8 ft (2.4 m) in height, and the Lanai fence height is likely negated by adjacent 

vegetation, two conditions that will not occur at the ATST facility.  Similarly, using decades of 

comparative strike rate data from Hawaiian petrel interactions with power lines on the island of 

Kauai (Cooper and Day 1998, Podolsky et al. 1998) may overestimate birdstrikes because of the 

low visibility of a single wire across the airspace.  Wind turbine and meteorological tower 

studies in Hawaii include models for estimating annual Hawaiian petrel fatality based on nightly 

and annual movement rates (based on ornithological radar results) and  exposure rates (based on 

the dimensions of the object presenting a strike hazard) (Table 5).  Notably the avoidance rates 

used in these studies are estimates only, and the authors note no empirical data exist to justify 

these numbers (Podolsky 2004, Cooper et al. 2007, Sanzenbacher and Cooper 2008, 

Sanzenbacher and Cooper 2009).   

 

Table 5.  Hawaiian petrel avoidance rates estimated for meteorological tower and wind turbine 

projects in Hawaii.  

Study Site 

Annual 

move-

ment 

rate 

(birds/

yr) 

Structure 

Annual 

exposure rate 

(birds/yr) 

Avoidance 

rate % 

Hawaiian 

petrel 

fatality/yr 

Cooper and 

Day 2004a 

USCG 

tower 

Haleakala 

191 30 m tower 1.64 57 0.67 

Cooper and 

Day 2004b 
KWP I 267 

20 x 55 m 

turbines 
7.3 – 53.9 

50 1.46-10.77 

95 0.15-1.08 

99 0.03-0.22 

Podolsky 

2004 
KWP I   

20 x 55 m 

turbines 

54 90 4.44 

31 95 0.61 

8 99.5 0.001 

Cooper et 

al.  2007 

Lanai Met 

towers, 

Upper 

Kuahoa 

11,250 

50 m 

meteorological 

tower 

80.83 

0 76.1 

50 38.4 

95 3.8 

99 0.8 

Sanzenbach

er and 

Cooper 

2008 

KWPII  454 

55 m guyed 

meteorological 

tower 

1.8 

50 0.857 

95 0.086 

99 0.017 

Cooper et 

al. 2010 
KWPII  1,443 100 m turbines 10.2 bird/yr 

90 2.7 

95 1.4 

99 0.3 
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Monitoring birdstrike mortality at KWP-I (five years) and the Lanai meteorological tower 

operation (three years), offer limited testing of these avoidance estimations.  In five years of 

operation, total Hawaiian petrel strike at the KWP-1 wind farm is calculated to be 2.61 birds 

(Sanzenbacher and Cooper 2009), equaling approximately 0.5 birds/year as corrected take 

(scavenging rate, searcher efficiency), and suggesting a 97.5 percent avoidance rate based on 

projected mortality anticipated by Cooper and Day (2004b p. 7).  No birdstikes have been 

detected at the Lanai meteorological towers after three years of operation (Sanzenbacher and 

Cooper 2009).  This level of avoidance behavior is consistent with Hawaiian petrel inherent 

flight and collision avoidance behavior.  Like other nocturnal Procellariformes, Hawaiian petrels 

have evolved with a highly sensitive sense of vision and neuro-motor system to allow high speed 

flight (>30-50 mph) under nocturnal light conditions, all contributing to a degree of collision 

avoidance under natural conditions (Cooper and Day 1998).  The limited data from KWP-I and 

the Lanai meteorological towers, plus the ecological context of this species‟ flight capabilities, 

suggest that Hawaiian petrels have a high potential to avoid structures encountered in their 

airspace.   

 

Ultimately, application of avoidance rates generated from power lines, fence, meteorological 

towers and wind turbines, to ATST construction and operation, and continued maintenance and 

operation of the 35-year old FAA towers will be limited.  The Haleakala structures are likely to 

pose a much lower birdstrike risk than other structures studied because: 

 

1) the difference in spatial airspace that these objects occupy compared to the ATST; 

2) the ATST structures are painted white or marked with visibility tape; 

3) these strike / avoidance rates were generated in flight paths of Hawaiian petrels, as 

opposed to immediately adjacent to a breeding site as the ATST and FAA towers will be.  

Our calculations for this project assume 100 percent of birds detected in radar surveys are 

flying at or below the height of the structure; and 

4) avoidance rates are likely to be higher for the 40-year old FAA towers than they are for 

new structures.  Birds are likely to have habituated to exposure to the FAA towers. 

 

With these considerations in context, plus the apparent high avoidance rates of Hawaiian petrels,  

a range of avoidance rates are presented here (Table 6).  The 99 percent avoidance rate was 

considered the most appropriate rate for this analysis based on results from the Lanai 

meteorological tower (Tetra Tech 2008) and KWP (KWP 2010) monitoring projects and the 

differences between those projects and the proposed action.  These raw calculations are adjusted 

in subsequent sections to account for the duration of exposure and indirect take.   

 

Table 6.  Estimated annual Hawaiian petrel birdstrike rate 

(assumes a full year of exposure to a lattice structure). 

Avoidance 

Rate 

ATST 

Lower 

Enclosure 

Upper 

Enclosure 

S&O 

Building 

Two FAA 

Towers 

95.0% 0.73 0.73 0.71 0.38 

97.5% 0.38 0.38 0.35 0.23 

99.0% 0.15 0.15 0.14 0.08 

Duration of Birdstrike Risk Due to Project Structures 
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Project structures present significant birdstrike risk during periods when they have through 

visibility.  The risk of birdstrike was limited to periods when lattice structures are present at the 

project sites.  The use of white paint, tape, and other visibility marking is expected to markedly 

reduce strike risk.  Seabirds are not expected to strike completed structures that are painted white 

and have no external lighting.  

 

ATST Construction:  The duration of Hawaiian petrel birdstrike risk was assessed based on 

construction „storyboards‟ provided by ATST contractors and engineers (ATST 2009a, pp. 1-25, 

2009b, pp. 1-14).  Three time schedules were assessed based on combinations of five or six day 

work weeks, and the use of a black-out period during Hawaiian petrel incubation (ATST 2009c, 

pp.1-8).  Birdstrike risk was considered if lattice, framework, or other structures were present 

with through visibility during each of the major construction tasks identified.   

 

ATST construction is a dynamic process and birdstrike risk will change over time.  Therefore, 

the Hawaiian petrel birdstrike risk assessment of risks associated with the construction period of 

the project differs from previous assessments of static or existing structures, including wind 

farms, power lines, and meteorological towers (Podolsky et al. 1998; Sanzenbacher and Cooper 

2008, 2009; Tetra Tech 2008).  This temporal variation was accounted for by assessing key 

construction tasks separately, for each of the three major structures to be built (support and 

operations buildings, which include the pier and lower enclosure, and the upper enclosure).  This 

duration of risk assessment is considered appropriate, based on the materials provided, but 

should be considered an overestimation for practical „take‟ considerations.  For example, a 

maximum spatial (object airspace) and temporal (period of time exposed to the potential hazard) 

birdstrike risk is assumed during the task titled „Pour Interior Elevated Slabs in S&O Bldg‟.  

From a practical perspective, the total object airspace showing „through‟ visibility, and the time 

exposed, will be progressively reduced on the support and operations buildings as each wall 

panel is fitted during the construction task.  This scenario is analogous to most tasks and 

activities included in the dynamic construction process and suggests that the current risk 

assessment should be considered an overestimation for relevant „take‟ considerations.  A total 

birdstrike risk duration for each building‟s framing structures, based on a six day work week 

with no break during the incubation period, is as follows:  the telescope pier structure/lower 

enclosure will be exposed for a total of 1.36 breeding seasons; the telescope enclosure/upper 

enclosure frame will be exposed for 1.22 breeding seasons before it is completed; and the 

support and operation building‟s frame will be exposed for 0.86 breeding seasons (Holmes, 

2009). 

 

No birdstrike is expected from the utility building construction as the Mees building blocks 

predominant flight paths (Cooper and Day 2005).  Risk of birdstrike from the completed 

structures is expected to be very low because of their size and white, visible color. 

 

FAA Towers:  The risk of birds striking the two 35-year old FAA towers, with their attached 

antenna equipment, is likely to remain constant over the 25-year period of continued operation 

and maintenance of those structures.  No birdstrikes have been detected at the existing FAA 

towers during the 35 years of their operation; however, monitoring for downed birds has not 

been systematically conducted. 

Summary of Birdstrike Risk Analysis 
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As discussed in the Project Description, monitoring is not expected to detect all birdstrikes due to 

carcass removal by predators and imperfect searcher efficiency, so anticipated birdstrikes shown 

in Table 7 are not expected to be directly detected.  When a single carcass is detected, the total 

birdstrikes the carcass represents will be calculated to adjust for unobserved take (due to carcass 

removal, searcher efficiency, and search area correction described in the Project Description).  

The factors that will be used to adjust for unobserved take will be determined based on trials 

conducted at the site.  To ensure take authorized is adequate to account for unobserved take, we 

adjusted the anticipated take levels to approximately account for these factors.  Given an 

estimated carcass removal factor of 0.1, 0.3 of the total search area is not covered, and searcher 

efficiency rate is 0.9, one carcass detected would equal actual birdstrike of 1.5 birds.  Total 

birdstrikes provided for by the table need to be a multiple of 1.5.  Total anticipated birdstrikes 

resulting from the project are shown in Table 7.  

 

Table 7.  Total anticipated birdstrikes based on duration of birdstrike risk and passage rate 

information. 

Birdstrike Threat Due to Exposed Structures 
Avoidance Rate 

95% 97.5% 99% 

ATST Telescope Construction Site and Conservation/Mitigation Fencing 

Lower Enclosure 1 0.5 0.2 

Upper Enclosure 0.9 0.5 0.2 

S&O Building 0.6 0.25 0.1 

Total Birdstrikes ATST Construction 2.5 1.25 0.5 

Conservation/Mitigation Fence (Marked with White Polytape)      Not Estimated  1 

Total Birdstrikes, Adjusted for Detection, Multiple of 1.5 3 1.5 1.5 

Two FAA Towers and Other Structures 

Two FAA Towers  9.6 5.8 1.9 

Other Structures n.a. n.a  1 

Total Birdstrikes, adjusted for detection, Multiple of 1.5 10.5 6 3 

    
Total Birdstrikes, ATST and FAA 13.5 7.5 4.5 

 

Indirect Take Due to Nest Failure Resulting from Mortality of Breeding Birds  

Anticipated take (Table 8) resulting from birdstrike was adjusted to account for for reduced 

breeding success of the nest the struck bird would have attended to during the breeding season.  

For Procellariformes, adult mortality while breeding will also result in chick mortality because 

both adults are required to provision sufficient food for successful chick rearing (Warham 1990).  

As outlined in the Project Description section, current estimates indicate that for each adult killed 

as a result of birdstrike, 0.29 fledglings will not successfully fledge as reflected in Table 8. 
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Table 8.  Total anticipated direct and indirect take resulting from birdstrike to project 

structures. 

Birdstrike Threat Due to Exposed Structures 
Avoidance Rate 

95% 97.5% 99% 

ATST Telescope Construction Site and Conservation/Mitigation Fencing 

Total Birdstrikes, Adjusted for Detection, Multiple of 1.5 3.0 1.5 1.5 

Indirect Take (Reduced Reproductive Success) 0.9 0.4 0.4 

Total Anticipated Take (Direct and Indirect) Telescope 

Construction Site 
3.9 1.9 1.9 

Two FAA Towers and Other Structures 

Total Birdstrikes, adjusted for detection, Multiple of 1.5 10.5 6.0 3.0 

Indirect Take (Reduced Reproductive Success) 3.0 1.7 0.9 

Total Anticipated Take (Direct and Indirect) FAA Tower 

Site 
13.5 7.7 3.9 

    Total Take (Direct and Indirect), ATST and FAA 17.4 9.7 5.8 

 

 6.1.2   Analysis of Burrow Collapse Due to Vibration and Crushing 

 

ATST project engineers conducted inspections of the burrows adjacent to the ATST project site 

to determine probability of burrow collapse due to vibration.  Physical crushing may also occur 

as a result of trampling or other physical disturbance.  Holmes‟ (2010) analysis indicated the two 

closest burrows (numbers 21 and 40, shown in Figure 22) were most at risk of collapse due to 

vibration.  Measures taken to avoid trampling burrows would be in place.  Burrows 21 and 40 

will be approximately 40 ft (12 m) from excavation activities.   

 

 
Figure 22.  Burrow entrances closest to the construction site: burrow 21 and the left and right 

entrances to burrow 40 (toothpicks shown are used by the Park to monitor burrow activity). 

 

We compared the anticipated vibration levels at burrow numbers 21 and 40 to the level of 

predicted engineering assessments.  Project engineers determined that the angular interlocking of 

separate rock segments which has allowed the borrows to survive seismic events, erosion and 

other potentially damaging forces over many years would enable them to withstand vibrations 

with peak particle velocities (PPV) of 0.12 in/sec without damage (Barr, unpublished 2006).  

PPV is the measure of the strength of ground vibration which is the most often used to gauge the 

stress experienced by structures.  Seismographs are used to measure PPV (Figure 23).  The most 
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fragile historic structures can be exposed to PPV of 0.12 in/sec without being damaged (U.S. 

Department of Transportation Federal Transit Administration 2006).   

 

 
Figure 23.  Peak particle velocity example 

(excerpt from U.S. Department of Transportation 

Federal Transit Administration 2006). 

 

Although it was not thoroughly studied, anecdotal information collected during the October 15, 

2006, 6.8 magnitude earthquake, which had a measured PPV of 3.4 in/sec at a seismograph 

located adjacent to Haleakala Observatories, indicate the Hawaiian petrel burrows can withstand 

significant vibration.  The earthquake‟s strongest vibration lasted for 15 to 20 seconds and 

reduced vibration lasted one minute (U.S. Geological Survey unpublished).  Many buildings and 

bridges were damaged or destroyed by the earthquake (Honolulu Advertiser, 2007).  None of the 

27 Hawaiian petrel burrow entrances in the ATST site vicinity that were being monitored by 

burrow cameras during the earthquake collapsed or showed any signs of instability.  Bailey (pers. 

comm. 2009a) detected one burrow collapse within the Park attributed to the earthquake, but 

emphasized that there likely were undetected collapses.  Partial collapse of burrow tunnels was 

not monitored.   

 

Although calculations based on geometric dampening of vibration of construction equipment 

(Federal Transit Administration, 2006) indicate construction equipment will produce vibrations 

that are less than 0.12 in/sec at the closest burrows (Figure 24), the proximity of Hawaiian petrel 

burrows to the construction site was assessed thoroughly.  Jeff Barr (unpublished, January 31, 

2007) produced an engineering diagram (see Figure 24) which indicates the exact location of 

Hawaiian petrel burrows in relation to the proposed structure.  Excavation activities will be 

conducted at a distance of approximately 40 ft (12 m) from the closest burrow.  

 

Vibration attenuation in local soils has been measured in two projects.  In one project (Jenson 

1993), actual levels of vibration were lower than those predicted in Table 9 and in the other 

(Phelps 2009), vibration levels were higher than predicted levels.  Jenson (1993) measured 

vibration of between 0.0009 in/sec and 0.0025 in/sec, 75 ft (23 m) from large trucks and tour 

buses driving on a road on Haleakala, as being approximately four times lower than the vibration 

values listed in Table 9.   
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Table 9.  Anticipated ground vibration expected at various distances 

from construction equipment.   

Equipment or Activity 

Vibration Expected                                  

(PPV inches/second) 

25 ft* 

(7.6 m) 

50 ft 

(15.2 

m) 

100 ft 

(30.5 

m) 

200 ft 

(61 m) 

Large bulldozer, hoe 

ram 
0.089 0.022 0.006 0.001 

Loaded trucks 0.076 0.019 0.005 0.001 

Jackhammer 0.035 0.009 0.002 0.001 

Small bulldozer 0.003 0.001 0 0 

*Federal Transit Administration 2006 

 

 
Figure 24.  Hawaiian petrel burrows (bright red dots) in relation to the ATST construction site. 

 

The lower observed vibration is likely due to soil attenuation.  Phelps (2009) found when 

excavators and hammers struck solid rock during demolition of a facility close to the ATST 

construction site, vibration was transmitted farther than soil damping calculations predicted 
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(Figure 25).  Presumably, this is because the solid volcanic substrate hit by the equipment 

transmitted vibration efficiently.  However, even the highest levels of vibration measured at this 

demolition site attenuated, over a distance of 40 ft (12 m), to levels below the 0.12 in/sec burrow 

vibration safety threshold. 

 

 

 
Figure 25.  Phelps (2009) found vibration from excavators and hammers striking solid rock near 

to the ATST construction site was sometimes transmitted farther than soil damping calculations 

suggest it should have been.   

 

Phelps‟ (2009) measurements indicate spikes in vibration it is reasonable to conclude that 

although on-site vibration monitoring and vibration restrictions which will be implemented 

during construction, will significantly minimize the duration of vibrations in excess of 0.12 

in/sec. Because only one collapsed burrow entrance was noted at the Park after the 6.8 

magnitude earthquake (which had a measured PPV of 3.4 in/sec at a seismograph located 

adjacent to Haleakala Observatories), the 0.12 in/sec PPV threshold set by Barr (2006, 

unpublished) appears to provide sufficient protection to the burrows.  On-site real-time vibration 
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monitoring and vibration restrictions will minimize the likelihood burrows will be exposed to 

vibrations greater than 0.12 in/sec PPV.  It is unlikely that an unanticipated vibration spike will 

dislodge a rock or collapse a burrow resulting in injury or death of a Hawaiian petrel. 

 

Anticipated Construction Noise Levels 

Effect of the proposed construction noise on Hawaiian petrels can be inferred based on our 

knowledge about petrels, and from studies that address the effects of noise to other avian species.  

The birds‟ sensitivity to the sounds generated by the proposed project are likely to be associated 

with factors including the energy level and duration of the sound, how it reacts with topography 

and burrows, ambient sound levels and individual bird tolerance to sounds due to habituation.  

Sound energy level at various frequencies is measured in decibels (dB).  For many purposes, 

sound measurements are A-weighted (dBA) to emphasize the middle portion of the entire sound 

frequency range, where humans and birds have the greatest sensitivity.  The Hawaiian petrel 

vocalizations are sharp squeaks and nasal clucks (Simons 1985) which are within the central 

frequency range expressed by dBA sound measurements.  This species is not known to use 

particularly high or low frequency hearing to search for prey or for other life history functions.  

Because Hawaiian petrels vocalize to each other within the human hearing frequencies, the A-

weighted dBA scale was appropriate for application to the petrel.  Therefore, the dBA sound 

estimates presented in the FEIS (NSF 2009, Section 4.3.2) were considered adequate for our 

analysis of the effect of construction noise on the Hawaiian petrel.  The physics of noise 

attenuation with distance and terrain shielding presented here can also be applied at other 

frequency levels.  It is important to note that sound (dBA) measurements are always associated 

with a distance from the source.  The standard distance for sound measurements, referred to in 

this document is 50 ft (15 m) from the source.  Noise levels of ATST construction equipment and 

vehicles (at 50 feet (15 m)), compared with familiar noise levels, based on frequencies humans 

hear (dBA) are shown in Table 10.  

 

Noise measurements conducted by Fein indicate noise attenuation in the landscape surrounding 

the ATST construction site as a result of significant terrain shielding provides significant 

dampening of noise levels for burrows below the terrain drop-off approximately (160 ft (48 m) 

from the center of the construction site) (Table 11).  Although the noise was distinguishable 

below the terrain drop-off, noise levels did not exceed ambient levels as a result of the noise test 

(Fein, pers. comm. 2009). 

 



Dr. Craig B. Foltz  69 

Table 10.  Noise levels of ATST construction equipment and vehicles (at 50 ft (15 m)), 

compared with familiar noise levels, based on frequencies humans hear (dBA). 

Noise Source

Decibel (dBA)

at 50 feet

from source Reference

1 Limit to human hearing 0 dBA US DOT FHA 2006

2 Closed audiometric booth / bottom of Haleakala Crater 10 dBA US DOT FHA 2006, NPS unpublished

3

Rustling leaves, tall grass in a light to moderate wind, 

and typical daytime urban residential area away from 

major streets

35 to 55 dBA Resource Systems Group,. Inc., 2006

4

Ambient noise in front of Hawaiian petrel burrow at 

Haleakala Observatories Hawaiian petrel colony with 

5 mph wind

55 to 68 dBA Fein, unpublished 2007 data

5

Office, Restaurant, Library, toilet refilling its tank, 

air conditioning unit

60 dBA Wikipedia

6 Passenger car, traveling at 30 mph 65 dBA Resource Systems Group,. Inc., 2006

7 Large barking dog 70 dBA Acoustical Solutions, unpublished

8 Passenger car, van, jeep at Haleakala 71 to 75  dBA Fein, unpublished 2007 data

9 Tour buses at Yosemite National Park 58 to 77 dBA NPS unpublished

10 City bus 80 dBA FTA 1995

11 Tour buses at Haleakala 77 to 91 dBA Fein, unpublished 2007 data

12 Backhoe, earth movers 80 dBA FTA 1995, NSF 2006

13 Crane 82 dBA NSF 2006

14 EPA maximum permissible truck noise level 83 dBA Bearden 2000

15 Bulldozer 82 to 85 dBA FTA 1995, NSF 2006

16 Jackhammer 97 dBA NSF 2006

17 Rockhammers / drills 99 dBA NSF 2006  
 

Table 11.  Noise measurements from locations 

surrounding the ATST construction site indicating 

terrain provides noise shield to burrows below the 

steep drop off. 

 

LOCATION dBA dBC Ambient dBA/dBC

SOURCE 120 120 54/52

25' 95 93 54/52

50' 89 88 54/52

75' 79 78 54/52

100' 63 62 54/52

160' (edge of S.drop-off) 62 61 54/52

SC12 <50 <50 <50

SC15 <50 <50 <50

SC18 <50 <50 <50

SC19 <50 <50 <50

SC21 55 <50 <50

SC29 <50 <50 <50

SC30 <50 <50 <50

SC31 <50 <50 <50

SC33 <50 <50 <50

SC34 <50 <50 <50

SC35-L <50 <50 <50

SC36 <50 <50 <50

SC37 <50 <50 <50

SC38 <50 <50 <50

SC39-R <50 <50 <50

SC40 55 <50 <50

MY042297-01 <50 <50 <50

MY042297-02L <50 <50 <50

RK062705-03L <50 <50 <50

RT061397-01 <50 <50 <50

SKYLINE DRIVE <50 <50 <50
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6.1.3   Construction Impacts to Hawaiian Petrel Breeding Attempts and 

Reproductive Success 

  

There is a risk of take resulting from breeding birds not initiating, or abandoning, breeding 

attempts during the breeding season because of construction activity (noise, vibration, etc.) and 

general proximity to the ATST construction site, and a loss of productivity in the fledglings 

produced.  Impacts of vibration, noise and other construction-related disturbances to Hawaiian 

petrel reproduction will be greatest in the burrows located closest to the ATST construction site.  

Hawaiian petrels nesting in burrows adjacent the ATST construction site will be more sensitive 

to construction and traffic noise than the birds occupying burrows along the Park road, where 

they are exposed to ongoing traffic disturbance.  The ATST site‟s Hawaiian petrel colony was 

divided into three zones of risk, as shown in Figure 16 and anticipated reductions in breeding 

attempts and reproductive success were estimated based on the best available information.  This 

assessment was then used to calculate anticipated reductions in breeding success anticipated to 

result from the ATST project.   

 

Wildlife responses to human activity are known to vary based on a variety of factors including 

previous exposure to human activity (Keller 1989, Dunlop 1996), species (Rodgers and Smith 

1997, Fernández-Juricic et al. 2002, Blumstein et al. 2003) and stimulus type (Burger 1986, Lord 

et al. 2001).  The timing of disturbance plays a key role in how wildlife will respond.  Amongst 

seabird and waterbirds, greater sensitivity has been reported in earlier stages of breeding, 

(Götmark 1992, Knight and Cole 1995, Yorio and Quintana 1996, Bolduc and Guillemette 

2003).  Animals act to maximize their lifetime reproductive output (Drent and Dann 1980).  

Birds adjust their commitment to each breeding attempt to reflect the level of investment they 

have already made to the attempt (Trivers 1972, Andersson et al. 1980).  The further a breeding 

pair progresses through a breeding season and the more it has invested in producing progeny, the 

greater the „cost‟ of abandoning that particular breeding attempt becomes (Trivers 1972, 

Andersson et al. 1980).  This information suggests the Hawaiian petrels would be more likely to 

abandon their nests during pre-egg laying/prospecting or incubation periods than after eggs have 

hatched; the birds would be less likely to abandon the nest as their investment in the nest 

increases.    

 

Few studies exist investigating the effects of construction adjacent to burrowing petrel colonies.  

When a road paving project, which occurred during the incubation period, was done on the Park 

road, a 25 percent decrease in Hawaiian petrel reproductive success was observed (Bailey pers. 

comm. 2009a).  A search of the ISI Web of Science Database revealed no peer-reviewed articles 

for the search terms of petrel + noise / vibration / construction.  In the absence of this 

information, measurements of these proximate mechanisms associated with disturbance (noise 

and vibration levels) were determined.  Anticipated levels of noise and vibration were assessed 

cumulatively with other construction-related disturbance. 

 

Overview of Disturbance Sensitivity of Incubating Hawaiian Petrels 

Construction activities that will produce daily prolonged loud noises, vibration, and other 

disturbance are scheduled to coincide with the incubation period.  Male and female birds 

alternate incubation attendance.  Eliminating the first and last incubation shifts, which are 

shortened by the events surrounding egg-laying and hatching, the overall average shift length is 
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16.47 days (+/- 4.19 days).  The adult‟s incubation shift is relieved when the other parent returns 

to the nest after an extended foraging trip at sea.  Incubating adult Hawaiian petrels in 

undisturbed environments spend almost 95 percent of their time sleeping (Simons 1985).  Given 

weight loss measurements by Simons (1985), undisturbed birds lose 1.54 percent of their initial 

body weight per day when incubating an egg.  Simons (1985) estimated that a male petrel which 

he found taking a 23-day incubation shift in an undisturbed area may have lost 35.5 percent of its 

body weight during the shift.  Egg temperature and evaporative water loss are controlled by the 

incubating adult.  Because the metabolism of awake, resting birds is almost twice that of sleeping 

birds (Simons 1985), disturbance of incubating birds‟ sleep as a result of construction noise and 

vibration is likely to result in more rapid weight loss and an inability of the adult to stay on the 

egg until its mate relieves it.   

 

Periods of egg neglect occur naturally and are usually associated with intermittent incubation 

resulting from asynchronous mate shift in inexperienced breeders, or in the general population 

during years of variable oceanic conditions which affect feeding success (Warham 1990).  

Therefore, eggs may be able to survive exposure for some time period.  In fork-tailed storm-

petrels (Oceanodroma furcata), chicks have been observed to hatch successfully from eggs that 

were left unattended for as long as seven consecutive days (Boersma et al 1980, p. 272).  A 

Hawaiian petrel egg, neglected for three days during the middle of the incubation period, did 

successfully hatch.  However, the extent to which eggs of this species can tolerate the absence of 

the incubating adult is not known (Simons 1985).   As a result of construction disturbance, egg 

neglect periods longer than three days are expected because incubating adults may leave the nest 

in self-preservation. 

 

Disturbance resulting from construction equipment, vehicles, and workers is expected to increase 

startle, alarm, and alert behavior and disturb the daytime sleep of incubating adults occupying 

burrows within the three disturbance zones delineated by Bailey and Holmes (Holmes 2010).  

The closest burrow entrance is approximately 40 ft (12 m) from the outer edge of the 

construction site.  The noise level at a point 40 ft (12 m) away from an operating crane is 84 dBA 

when the crane is operating, and 101 dBA when the rock hammer is in use.  Topographical 

shielding between the line of sight view of the construction site, and the burrow entrance, cuts 

sound level at the burrow entrance (see Table 11).  Sound attenuation of 0.625 dBA per inch of 

burrow depth (Fein, unpublished) would result in a some additional noise dampening; however 

noise levels within the burrow nest chambers is expected to be high. 

 

No studies of the sensitivity of sleeping Hawaiian petrels to noise have been conducted.  Human 

sensitivity to being awakened from sleep varies among individuals, as shown in Figure 26 

(Federal Interagency Committee on Noise 1992, Finegold et al 1993, Finegold et al 1994, 

Finegold pers. comm. 2007).  Based on this dose response curve, 5.34 percent of sleeping 

humans would be awakened by a noise event of 48 dBA.  The hearing range of birds is expected 

to be very different than the human range of hearing, given that humans and birds belong to 

different taxonomic classes.  Because knowledge of bird hearing is more limited than that known 

for humans, human hearing information is presented as it constitutes the best available 

information.   
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Figure 26.  Percent of human awakenings at various dBA single event 

noise exposure levels (SEL) (Finegold et al 1993, Finegold et al 

1994, Federal Interagency Committee on Aviation Noise 1997). 

 

Birds occupying zone 1 (see Figure 15) will be exposed to the loudest noises; birds occupying 

burrows in zones 2 and 3 are will also be exposed to noise levels which we expect to be loud 

enough to disturb sleeping birds.  During construction, sound levels are expected to be markedly 

higher than 48 dBA within nest chambers.  However, we assume incubating birds that occupy 

the burrows outside Zone 3 are not likely to abandon their eggs as a result of ATST construction 

activities.   

 

Overview of Disturbance Sensitivity during Other Periods 
The noise generated by construction equipment and vehicles is expected to increase startle, 

alarm, and alert behavior and disturb the day time sleep of Hawaiian petrels occupying zones 1 

through 3.  The closest burrow entrance is 40 ft (12 m) from the outer edge of the construction 

site.  The noise level at a point 40 ft (12 m) away from an operating crane is 84 dBA when the 

crane is operating, and 101 dBA when the rock hammer is in use.  Topographical shielding 

between the line of sight view of the construction site, and the burrow entrance, cuts sound level 

at the burrow entrance down to below 89 dBA.  Sound attenuation of 0.625 dBA per inch of 

burrow depth (Fein, unpublished) would result in a maximum noise level of 82 dBA within the 

nest chamber of the burrow closest to the construction site.   

 

Potential consequences of construction noise and vibration could include increased metabolism, 

nest abandonment, and temporary damage to auditory cells.  Juvenile Hawaiian petrels in close 

proximity to the construction site are expected to respond to loud noises and vibration with 

increased activity and metabolism and decreased incidence of sleep, therefore their food 

demands are expected to increase.  Forty percent of people would be awakened by a sound of 45 

dBA.  The people who would not be awakened by such a loud sound are those who have 

habituated to the loud sound (Finegold et al 1994).  Adult Hawaiian petrels feed chicks at night, 

when construction activity will not be occurring.  Parents continue to attend to chicks at the nest 
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site, driven primarily by the chick‟s demands for food (Simons 1985).  If a chick has an 

increased need for food resulting from increased daytime activity, increased parental feeding is 

expected.   

 

A potential consequence of increased noise and vibration could be nest abandonment by 

Hawaiian petrels.  We do not expect Hawaiian petrel chicks to abandon their nest, where they are 

fed, due to the noise and vibration associated with the ATST construction activities.  However, 

reduced reproductive success and nestling survival are likely to occur.  However, in September 

2001, a 30-foot deep excavation for the Faulkes Telescope North facility began during the 

Hawaiian petrel breeding season and continued through the months when the birds were absent 

from the colony.  Although the closest petrel burrow to this telescope was 100 ft (30 m), the 

2001 project did not appear to have a negative impact on the nestlings (NPS 2003).   

 

Hawaiian petrel the adults and nestlings may be exposed to sound levels that are known to cause 

permanent hearing loss in mammals.  Sound levels over 85 dB are considered harmful to inner 

ear hair cells, 95 dB is considered unsafe for prolonged periods (Centers for Disease Control and 

Prevention, National Institute for Occupational Safety and Health, unpublished).  Nestlings may 

be outside the burrows closest to the loud construction equipment (66 ft (20 m)) during the day 

and exposed to 101 dBA sounds which may be loud enough to damage ear hairs.  Corwin and 

Cotanche (1988), Stone and Rubel (2000) found that hearing loss in birds is difficult to 

characterize because birds, unlike mammals, regenerate inner ear hair cells, even after substantial 

loss.  Therefore, we do not expect permanent hearing loss in Hawaiian petrels to result from the 

proposed action. 

 

Construction Disturbance Risk Assessment 

A 2010 census of the area (Bailey, pers. comm. 2009a) indicates there are 27 active burrows in 

the Hawaiian petrel colony adjacent to the ATST construction site (see Figure 17).  On 

November 11, 2009, Bailey and Holmes visited the site and delineated four zones of anticipated 

disturbance around the ATST construction site (see Figure 16).  Three zones of risk (and the 

fourth zone within which risk was considered to be insignificant and discountable) were 

developed by Bailey and Holmes (Holmes 2010) based on proximity to the construction site, 

noise shielding by landscape features and topography, and site-specific noise attenuation 

information provided by NSF (Fein, pers. comm. 2010), and expert familiarity with impacts of 

various types of disturbance to Hawaiian petrel reproduction.  Construction-related disturbance 

impacts will be greatest to the burrows closest to the construction site.  Petrels occupying 

burrows in Zone 1 (closest to the construction site) would be most exposed to construction 

disturbance while in zone 4 (zone farthest from the construction site), risk of project disturbance-

related impacts are insignificant.   

 

1) Two burrows (numbers 40 and 21) occur in zone 1.  Zone 1 burrows will be exposed the 

highest noise and vibration levels and these burrows were given a multiplier score of 1 

(100 percent loss of nest success).  These burrows are on the construction site plateau and 

are within 40 ft (12 m) from the edge of ATST apron.   

 

2) There are currently 14 active burrows in zone 2.  Zone 2 burrows are given a multiplier of 

0.5 (50 percent reduction in breeding success due to construction disturbances) because 
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they are on the slopes immediately below the construction site and afforded some 

protection by topographic shielding and distance.   

 

3) Nine active burrows are located within zone 3.  Zone 3 burrows are given a multiplier 

score of 0.1 (10 percent reduction in breeding success resulting from construction 

disturbances).  They are furthest from the construction site on the slopes below.   

 

Calculations of Anticipated Reductions in Breeding Attempts and Reproductive Success 

Known breeding probabilities and fledging success rates for active burrows in undisturbed areas 

were used to adjust the zone multipliers to develop a factor for calculating anticipated reductions 

in reproductive success resulting from project disturbance.  This calculation adjusts for the 

probability that a bird would have bred that year (89 percent), and that the pair would have 

successfully fledged offspring (66 percent, Simons 1984).  Adjusting for the probability that 

some of these pairs may have been non-breeders prospecting is problematic because the 

difference between failed breeders (a bird that did lay an egg) and prospecting non-breeders 

often is not distinguishable (Bailey pers. comm. 2009a).  Thus we consider all active burrows 

identified in Table 1 to be occupied by breeding birds at some point during the five years of 

ATST‟s external construction. 

 

Thus: 

 

Anticipated Take = Take risk (Zone multiplier) x (breeding probability 89 percent x fledging 

success 66 percent)] 

 

Or anticipated take for one active Hawaiian petrel burrow in zone 1 =  

 

 (1.0) x (0.89 x 0.66) = 0.59 

 

Anticipated take for one active Hawaiian petrel burrow in zone 2 =  

 

 (0.5) x (0.89 x 0.66) = 0.29 

 

Anticipated take for one active Hawaiian petrel burrow in zone 3 =  

 

 (0.1) x (0.89 x 0.66) = 0.06 

 

Summing the anticipated take levels, factored by the number of active burrows in each zone (.59 

x 2 + .29 x 14 + .06 x 9) we estimate a total of 5.78 fewer fledglings will be produced per year as 

a result of construction disturbance than would have been produced in the absence of the ATST 

project.   

 

Duration of reduced reproductive success due to construction activity 

Duration of disturbance from construction activity is considered for the duration of the entire 

ATST project.  A total disturbance risk duration of 5.4 breeding seasons was estimated based on 

the six-day work week with no blackout period during the Hawaiian petrel incubation period.  

This duration assessment overestimates the total period in which disturbance will occur, because 
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it does not account for variation in activity likely to occur during that time.  Given a total 

construction duration risk of 5.4 breeding seasons, we estimated that 31 fledglings are unlikely to 

be produced as a result of construction disturbance. 

 

6.1.4   Anticipated Benefits of Fencing and Predator Control Within the 328-ac 

Conservation/Mitigation Area 

 

Actual benefits of predator control will be calculated based on measured differences in survival 

and reproductive success of birds at the protected site versus birds at the control site.  The 

beneficial impacts of the predator control are introduced below using a simple model that 

represents the long-term benefits of predator control followed by a more detailed model 

incorporating anticipated adverse project-related impacts to reproductive success and survival. 

 

The modeling approaches used required a statistical assumption of a closed population because it 

was not possible to estimate immigration or emigration with the larger Haleakala population.  

Impacts from immigration into the conservation/mitigation area would decrease the number of 

years of management needed to meet NSF‟s net benefit objective because the new birds would 

supplement the breeding population.  Conversely, emigration away from the 

conservation/mitigation area would increase the time needed to meet the net benefit objective.  A 

second assumption used was that the population at year one is stable.  Again, this is unlikely 

because these birds are part of the larger Haleakala population, and birds attending the 

conservation/mitigation area will be part of larger population dynamics.  The modeling was done 

to guide design of the conservation/mitigation project.  Actual benefits of 

conservation/mitigation will be determined based on monitoring data.  

 

6.1.5   Methods for Modeling Changes in Population Size Resulting From Proposed 

Conservation/Mitigation 

 

Overview of Predator Impacts Population Model   
To evaluate the general benefits of predator control we adapted a deterministic matrix model, 

developed by Laura Nagy for a conservation/mitigation project near the ATST site (TetraTech 

2011, p. 6-14 to 6-15).  This general model is commonly used in population ecology to calculate 

the population growth rate (i.e., lambda) using stage-specific information on survival and 

reproduction.  A lambda value of 1.0 indicates a stable population, less than 1.0, a declining 

population, and greater than 1.0 an increasing population.  TetraTech created a 7-stage matrix 

model where stage one represents the young that survive to enter the local population, stages two 

through six represent non-breeding juveniles, and stage seven is breeding adults (Figure 27).  

  

 

 

 

 
 

Note: Solid arrows represent survival between stages and the dashed arrow represents reproduction. 

 

Figure 27.  Visualization of a Hawaiian Petrel Matrix Model (TetraTech 2011, p. 6-14).   
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We input Hawaiian petrel survival and reproductive success rates which, based on our review of 

the available literature and data (Table 12), are likely to occur under varying predation severities.  

The anticipated benefit of predator control could be calculated for a particular site by comparing 

future population sizes that would have occurred under current predation rates versus the size of 

the population under the reduced rate of predation.   

 

Table 12.  Hawaiian petrel vital rates under varying predation severities based on best available 

local data. 

Predation 

Severity 

Life History Parameters (Annual Rates) 

Model 

Results 

(Lambda) 

Adult Survival 

(Based on 

Simons 1984 p. 

1070) 

Juvenile 

survival 

(Simons 

1984 p. 

1070) 

Percent of 

Active 

Burrows 

Laying an 

Egg 

Fecundity 

(Fledglings per 

Egg Laid) 

No Predation 0.93  0.8034 
.75 (Simons 

1984 p. 1069) 

0.72 (Simons 

1984 p. 1068) 
1.009 

Mild Predation 0.90  0.8034 
0.59 (Holmes 

2010, p. 11) 

0.60 (Simons 

1984 p. 1070) 
0.978 

Mild-Moderate 

Predation 
0.875  0.8034 

0.59 (Holmes 

2010, p. 11) 

.54 (Between 

Mild and 

Moderate 

Simons 

1984,1985) 

0.956 

Moderate 

Predation 
0.85  0.8034 

0.59 (Holmes 

2010, p. 11) 

0.49 (Simons 

1985 p. 237) 
0.933 

  

Figure 28 shows the modeled 10-year trajectory of the number of active burrows for a site that 

starts, in year one, with 74 active burrows.  In the absence of predation, population size is 

expected to grow (lambda 1.009).  These model results indicate that even mild levels of 

predation would result in population declines.  Implementation of predator control short of 

eradication benefits the population by slowing the rate of population decline.   

 

Anticipated benefits of conservation/mitigation can be generally assessed by estimating current 

predation levels and the lower predation level you expect to achieve with a particular predator 

control program.  Monitoring adult survival and reproductive success at the 

conservation/mitigation and control populations will enable NSF to compare the levels of 

predation and calculate the benefits of conservation/mitigation.  The model is useful for 

estimating the potential benefits of conservation/mitigation:  If the current level of predation is 

“mild-moderate” and the proposed trapping and rat control reduces this to a “mild” rate of 

predation, the conservation/mitigation area would, after six years of management (as shown in 

Figure 28), be occupied by approximately 66 active burrows instead of the 58 active burrows that 

would have remained if “mild-moderate” levels of predation had continued.  After 10 years (as 

shown in Figure 28), the site would be occupied by approximately 61 active burrows instead of 

the 49 burrows that would have remained if “mild-moderate” levels of predation had continued.  

Project monitoring of adult survival and reproductive success in the conservation/mitigation area 
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and control site will enable recalculations of anticipated benefits to facilitate DOFAW and 

Service adaptive management planning. 

 
Figure 28.  Number of active burrows in a colony in the absence of predation and 

under three levels of predation severity. 

 

Project-Specific Population Model 

Nick Holmes (Holmes 2010b, pp. 10-18) modeled the impacts of construction-related 

disturbance and landscape-level management of the conservation/mitigation area‟s Hawaiian 

petrel population.  His model incorporates construction-related reductions in reproductive 

success and survival as well as year-by-year changes in the number of adults and juveniles in the 

conservation/mitigation area population.  In 2010, only 61 active burrows were known to occur 

within the conservation/mitigation area, but a complete burrow census had not been completed at 

that time.  NSF (Holmes 2010b, pp. 10-18) ran model scenarios using 61 and 100 active burrows 

in the conservation/mitigation area.  A recent burrow census completed by NSF (Fein pers. 

comm. 2011) indicates there are 74 active burrows.   The following section is a summary of 

Holmes‟ (2010b, pp. 10-18) model simulations: 

 

Anticipated benefits of predator control were modeled by using deterministic demographic 

matrix models (i.e., Leslie models) based on life history parameters of the birds and estimated 

impacts of the proposed project.  Five scenarios were compared: no ATST, ATST with no 

conservation/mitigation, and ATST with three conservation/mitigation scenarios.  These 

calculations, which are based on the best available information and documented assumptions, 
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were used in NSF‟s development of the conservation/mitigation projects described in the Project 

Description.  The calculations were completed to estimate the number of years it would take for 

the anticipated telescope construction-related impacts to the Hawaiian petrel population to be 

offset by increasing the survival and reproductive success in the conservation/mitigation area 

petrel colony relative to the control site.  The model incorporates assumptions including 

anticipated adverse impacts resulting from ATST construction and anticipated benefits of 

conservation/mitigation actions.  Therefore, these results are not a comprehensive assessment of 

net benefit from this action, but rather they were used to select an appropriate investment.  Age 

distribution was estimated assuming a stable population (Table 13), using Hood (2009), and life 

history parameters based on Simons (1984) and NPS (unpublished data).  This included age of 

first breeding at six, maximum breeding age of 36, and annual juvenile survivorship of 0.8034.  

Adult survivorship was chosen at 0.87, assuming mild-moderate predation in the 

conservation/mitigation area (Table 14).  No adult survivorship data exist for the 

conservation/mitigation area, and 87 percent was chosen because burrows in the 

conservation/mitigation area are not currently protected from predators.  Initial population sizes 

were calculated based on initial numbers of active burrows (61 and 100), 59.89 percent active 

burrows laying eggs (NPS unpublished data), 89 percent breeding probability and 0.478 of the 

population are breeders (Simons 1984), equating to a total of 172 and 282 birds in the 

conservation/mitigation area as initial numbers.   

 

Table 13. Life history parameters used in model simulations (HALE is an abbreviation used for 

the Park). 

 
 

Table 14.  Age distribution used in model simulations. 
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Model Runs 

Five modeling efforts were run under each of the following ten scenarios: 

 

1) Baseline: no ATST construction and no conservation/mitigation with 61 active burrows. 

2) Baseline: no ATST construction and no conservation/mitigation with 100 active burrows. 

3) MIT-0: ATST construction and no conservation/mitigation with 61 active burrows. 

4) MIT-0: ATST construction and no conservation/mitigation with 100 active burrows. 

5) MIT-1: Increased reproductive success of 6 percent and increased adult survivorship of 2 

percent with 61 active burrows. 

6) MIT-1: Increased reproductive success of 6 percent and increased adult survivorship of 2 

percent with 100 active burrows. 

7) MIT-2: Increased reproductive success of 9 percent and increased adult survivorship of 3 

percent with 61 active burrows. 

8) MIT-2: Increased reproductive success of 9 percent and increased adult survivorship of 3 

percent with 100 active burrows. 

9) MIT-3: Increased reproductive success of 12 percent and increased adult survivorship of 

4 percent with 61 active burrows. 

10) MIT-3: Increased reproductive success of 12 percent and increased adult survivorship of 

4 percent with 100 active burrows. 

 

Results 

Figure 29 shows the time to reach net benefit in adult population size and cumulative production 

of fledglings for each of the ten model simulations.  Annual increase in adult survivorship from 

conservation/mitigation is expected to be greater than take during years of construction, and net 

benefit to the adult population size is expected to begin accruing in year four for MIT-1 at 61 

active burrows.  Net benefit is expected to begin accruing in year one for all other mitigation 

scenarios.  Stopping mitigation in year two, however, would begin a net loss again for these five 

scenarios.  Model results indicate annual loss of reproductive success will be greater than the 

mitigation benefit in the first few years of construction.  With only 61 active burrows, it takes 19, 

11 and 8 years (given the three modeled increases in reproductive success: 6, 9, and 12 percent) 

to begin accruing net benefit in fledgling production.  With 100 active burrows, it would take 8, 

3 and 1 years under the three reproductive success scenarios.  
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Figure 29.  Time to begin accruing net benefit in adult populations and 

cumulative chick production under varying assumptions (Numbers above 

zero indicate net benefit (positive numbers indicate difference between 

control and managed area, rather than increases in population size). 

 

Discussion 

Although the model simulations are based on the best available information regarding Hawaiian 

petrel life history parameters, several significant assumptions limit the predictive ability of the 

model.  In addition to the model‟s assumption that the population is closed and stable, no 

allowance was made in the model runs for increased reproductive success with age (Saether 

1990) or annual variation in reproductive success (Simons 1984, Warham 1990).  Weaknesses in 

the model also include our use of key life history parameters of survivorship and breeding 

probability, which are not well understood for the long-lived Hawaiian petrel; the primary 

(Simons 1984 and 1985) studies used are over 25 years old. 

 

Procellariformes, like other long-lived seabirds, are particularly sensitive to predation (Warham 

1990, Simons 1994).  In this exercise, even the mild-moderate predation effects modeled for 

adult survivorship put the population on a downward trajectory.  Only when reproductive success 

is increased by 12 percent per year and adult survivorship by 4 percent per year does the 

population approach a somewhat stable trajectory.  The results from these model simulations are 
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similar to previous efforts (Simons 1984), whereby, without protection from predators, even 

minor effects on adult survivorship result in dramatic decreasing population trends.   

 

The conservation/mitigation benefit outcomes used in these modeling efforts were somewhat 

conservative, with increases in reproductive success limited to 6, 9, and 12 percent and adult 

survivorship by 2, 3, and 4 percent.  By comparison, the combined predator control and habitat 

protection efforts at Haleakala have increased reproductive success by as much 20 percent 

annually in some cases (Natividad-Hodges and Nagata 2001).  Even if these levels of 

improvement don‟t result from the proposed conservation/mitigation project, the 

conservation/mitigation efforts proposed should allow ATST construction to meet its net benefit 

requirement within a practical timeframe. 

 

Given it is likely that more active burrows exist in the conservation/mitigation site, and given the 

conservative benefits used in the model, conservation/mitigation for the duration of the 

construction (five years) is likely to produce a net benefit to the Hawaiian petrel.  If the net 

benefit is not achieved by year six, additional years of conservation/mitigation area management 

would be completed by NSF until a net benefit is demonstrated in the Hawaiian petrel population 

in the 328 ac (133 ha) conservation/mitigation area.   

 

6.1.7   Incidental Capture of Hawaiian Petrel in Live Traps 

 

Throughout the course of the conservation/mitigation project (six to approximately 10 years, or 

longer), approximately one Hawaiian petrel may, each year, be captured in the mammal traps.  

Because traps will either be outfitted with radio alert systems or they will be checked no less 

frequently than every two days, the captured birds are not likely to be injured or killed.  Because 

any trap capturing a bird will be relocated, the rate of Hawaiian petrel capture is expected to 

decline over time.  

  

6.1.8   Potential Burrowing Habitat Modification 

 

GIS assessment of the locations of the proposed activities indicates that 0.77 ac (0.31 ha) of 

unoccupied, potential burrowing habitat would be lost due to the construction of the ATST 

facilities.  Burrowing habitat quality varies throughout the ATST project site, but stable rocks 

with loose material suitable for burrow excavation are available for future petrel colony 

expansion within the area which will be disturbed by the proposed construction.  The ATST 

construction activities will make the site unsuitable for burrowing due to changes in soil structure 

or access.  Impact areas include the telescope enclosure, apron, support and operations building; 

the portion of utility building and new wastewater treatment plant and infiltration well which will 

be constructed on ground not previously developed; areas disturbed for the radial field of 

grounding conductors; and the areas to be excavated for staging areas and equipment use.  No 

storm water or grey water erosion is expected to be associated with the project.  The soil 

deposition areas were previously disturbed; therefore, no potential burrowing habitat loss will 

occur in these areas.  
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6.1.9   Summary of Project Impacts to the Hawaiian Petrel 
 

The construction and maintenance of the ATST and conservation/mitigation fencing is likely to 

result in the take of a total of two Hawaiian petrels due to birdstrike.  A five year period of 

significant disturbance due to ATST construction is likely to reduce, by no more than 32, the 

number of fledglings produced by the Haleakala population.  It is unlikely that an unanticipated 

vibration spike associated with construction will injure or kill a Hawaiian petrel by dislodging a 

rock or collapsing a burrow.  The continued operation and maintenance of FAA‟s existing tower 

system, consisting of two towers on Puu Kolekole, as modified pursuant to this project, is likely 

to result in the mortality of three adult or juvenile Hawaiian petrels due to birdstrike and, by 

reducing reproductive success, result in the take of a total of one fledgling.    

 

NSF will offset the project‟s adverse impacts to the Haleakala petrel population by minimizing 

predation impacts to Hawaiian petrels occupying a 328-ac (133 ha) conservation/mitigation area 

for a minimum of six years (up to as many years as necessary to demonstrate a net benefit to this 

population).  The proposed conservation/mitigation area is currently occupied by 74 active 

Hawaiian petrel burrows.  Fencing and predator control will benefit the Hawaiian petrel 

population located in the 328-ac (133 ha) conservation/mitigation area by increasing fledgling 

production and adult survivorship.  This increase will exceed the adverse impacts caused by this 

project to the Hawaiian petrel.  

 

6.2   Effects Analysis - Hawaiian Goose 

 

Hawaiian geese have nested within approximately 73 ft (22 m) of the proposed road widening 

area, approximately 33 ft (10 m) from the road shoulder.  Hawaiian geese regularly use the area 

for feeding and resting throughout the year.  To minimize colonization of the revegetation 

project site by invasive plants which are attractive to Hawaiian geese, measures to minimize 

invasive plant growth were incorporated into NSF‟s Project Description on January 16, 2010.  

Hawaiian geese forage and breed in areas immediately adjacent to the Park entrance station (see 

Figure 18) in addition to the 1,316 ac (533 ha) of similar vegetation in the lower elevations of the 

Park.  Because the Hawaiian goose population is not habitat limited, the temporary road 

widening project is not expected to have long-term impacts to the Hawaiian goose. 

 

Hawaiian goose vehicle fatality calculations were calculated in two ways:  1) by using average 

vehicle strike data and 2) by incorporating assumptions to account for differences between traffic 

due to ATST/FAA and normal Park and Haleakala Observatories activities.  Proposed traffic 

calming measures, NSF will fund, were then considered in our assessment of fatality of the 

Hawaiian goose anticipated to result from this project.  

 

We calculated that during the 50 years of the ATST construction, integration, and operational 

use, a total of approximately 131,903 vehicle round-trips will be taken to the project site 

(approximately 25,000 during construction and 106,903 during integration and operation).  Park 

data indicates an average 1.26 Hawaiian geese are killed on the Park road per year, and an 

average 282,813 vehicles make round trips on the road each year (for a calculated fatality rate of 

one Hawaiian goose fatality per 224,454 vehicle round-trips).  By combining the average 

Hawaiian goose fatality rates due to all vehicles driving the Park road and projected ATST 
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vehicle use information, we calculated that there would be a collision with 0.6 (or one) Hawaiian 

goose during the 50 years of the project and its operation.   

 

The interagency Nene Recovery Action Group (NRAG) examined historical vehicle strike data 

of the Hawaiian goose in relation to historical and current observatory site traffic (NRAG 2010).  

Mortality data from the Park regarding the Hawaiian goose shows that 21 Hawaiian geese have 

been hit by vehicles from 1988 to 2008, an average of 1.00 + 1.14 per year.  Of these 21 

Hawaiian geese, four (19 percent) were hit by vehicles travelling to/from Haleakala 

Observatories.  According to the ATST FEIS (NSF, 2009, Section 3.9.5), an estimated average 

of 48 vehicle round-trips per day is the current daily traffic volume.  Assuming this average 

traffic for 20 days per month for going to Haleakala Observatories during the 1995 through 2009 

period, when traffic use has been stable; a total of approximately 169,200 vehicle round-trips has 

occurred during the past 15 years.  Data regarding the number of vehicle round-trips taken during 

the 1988 through 1994 period was not available.  If we conservatively estimate that four 

Hawaiian geese were killed as a result of 169,200 observatory vehicle round-trips (though we 

know this calculation assumes no observatory site vehicles drove to the site during the years 

1988 through 1994), observatory traffic kills Hawaiian geese at a rate of one bird per 42,300 

round-trips to Haleakala Observatories;  a much higher rate potentially because observatory staff 

are commuting during periods of the day when birds are more likely to be on the road, or 

because they are driving faster than average Park road users.  Use of vehicle strike rates for 

observatory vehicles yields an estimated strike of three Hawaiian geese during the 50-year 

project period.   

 

On January 12, 2010, NRAG provided the Service with an analysis indicating the total number 

of Hawaiian geese that would be struck and killed by ATST-related traffic was 4.92 (.48/year for 

the first seven years of construction and integration and 0.12 per year for the subsequent 13 years 

of maintenance and use).  This estimate included fatalities resulting from vehicles illegally 

passing construction equipment, from ATST staff driving, and as a result of increased attraction 

of Hawaiian geese to the Park entrance station revegetation site.  Use of the NRAG analysis to 

extend their calculations to cover years 21 through 50, at a rate of 0.12 birds per year, yields an 

additional loss of 3.6 birds for a 50-year project total of 8.5 (or nine) total birds.  No more than 

nine Hawaiian geese are expected to be struck by ATST-related vehicles during the 50 years of 

this project.  

 

To reduce the chance of a collision with a Hawaiian goose, all drivers accessing the ATST site 

during the life of the project (i.e., 50 years) will receive a Hawaiian goose briefing from the 

Institute for Astronomy.  Drivers will receive a refresher briefing regarding the Hawaiian goose 

at the beginning of this species‟ breeding season, approximately November 1
st
 of each year.  

These measures will further reduce the probability of affecting this endangered species within 

the action area (see Figure 3).  On January 16, 2010, NSF also incorporated traffic calming 

devises recommended in the January 12, 2010, NRAG report, into the Project Description.  

These measures will minimize the threat of vehicle collisions resulting from ATST-related traffic 

averaging approximately 47 vehicle round-trips per day over the next twenty years (which, in the 

absence of the traffic calming devices was calculated to potentially result in take of nine 

Hawaiian geese).  In addition, it will help offset ATST-related fatalities by reducing impacts to 

this species resulting from the average 600 to 900 vehicles per day accessing the Park.   
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7.0   SPECIES AND CRITICAL HABITAT:  NOT LIKELY TO ADVERSELY 

AFFECT 

 

NSF requested Service concurrence that the proposed project is not likely to adversely affect the 

endangered Hawaiian hoary bat (Lasiurus cinereus semotus), endangered Blackburn's sphinx 

moth (Manduca blackburni), endangered Geranium multiflorum (nohoanu, many-flower 

geranium), the threatened Haleakala silversword (ahinahina, Argyroxiphium sandwicense subsp. 

macrocephalum) and critical habitat for Haleakala silversword and Geranium multiflorum. 

 

7.1   Hawaiian Hoary Bat 

 

The Hawaiian hoary bat is found on Hawaii Island, Maui, Oahu, Kauai and Molokai.  The 

Hawaiian hoary bat breeds on the lower slopes of Haleakala.  On the island of Hawaii, most 

observations have been from areas below 7,500 ft (2,286 m) elevation, although individuals have 

been recorded at elevations as high as 13,000 ft (3,962 m).  On Maui, the bat breeds along the 

lower Haleakala slopes.  Bats have been detected near the Park Headquarters Visitor Center and 

Hosmer Grove (Frasher, et al.).  Even though several sightings have been reported near 

Haleakala Observatories, it is unlikely that the bat is a resident of the area, due to the relatively 

cold summit temperatures and the lack of flying insects in the area, which is the preferred food 

source (AFRL, 2005, p. 3-7). 

 

The nocturnal bat is the only native terrestrial mammal known to occur in the Hawaiian 

archipelago, although other bat species have been found in sub-fossil remains.  Bats are known 

to depart the roost shortly before sunset and return before midnight (Service, 1998).  Bats are 

most often observed foraging in open areas, near the edges of native and non-native forests, over 

both marine and fresh open water, and over lava flows.  Bats have been observed feeding from 3 

to 492 ft (150 m) above ground and water.  Hawaiian hoary bats roost, give birth, and rear pups 

in woody plants greater than 15-ft (4.6-m) tall.  Bat-birthing and pup-rearing season (May 15 

through August 15) (Bonaccorso, pers. comm. 2009).  Roosting bats have been recorded from a 

variety of species including hala (Pandanus tectorius), kukui (Aleurites moluccana), pukiawe 

(Styphelia tameiameaiae), java plum (Syzygium cumini), ohia lehua (Metrosideros polymorpha), 

and Eucalyptus spp.  Most of the available data suggests that this elusive bat roosts solitarily in 

the foliage among trees in forested areas.   

 

Hawaiian hoary bats do not migrate off-island, although seasonal elevation movements and 

island-wide migrations may occur.  The availability of roosting sites is believed to be a limitation 

in many bat species, but other threats to this subspecies include direct and indirect impacts of 

pesticides, predation, alteration of prey availability (introduced insects), and roost disturbance 

(Service, 1998).  The recovery plan for the Hawaiian hoary bat (Service, 1998) suggests the 

subspecies is experiencing a moderate degree of threat but has a high potential for recovery.  

Critical habitat has not been designated for this species. 

 

NSF requested that the Service review their determination that the ATST project would have no 

effect on the Hawaiian hoary bat.  Hawaiian hoary bats are not likely to be in the vicinity of the 

construction site during the day because there are no roost trees in the vicinity of the site.   
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At night, bats may transit the construction and FAA tower site, commuting through the area or 

foraging for local insects.  Because the telescope buildings and FAA towers will not have 

external lighting, they will not attract insects which would attract foraging bats to the vicinity of 

the buildings.  When commuting, bats navigate entirely by sight.  However, the telescope 

buildings and many of the FAA structures will be painted white and will therefore be more 

visible than their surroundings.  Therefore, a bat collision with the project structures is unlikely.  

We concur that the proposed action may affect but is not likely to adversely affect the Hawaiian 

hoary bat. 

 

7.2 Newell’s Shearwater 

 

The Newell‟s shearwater is known to breed in west Maui (Cowan pers. comm. 2011).  Kaupo 

Gap and Koolau Gap vicinities, located along the southern and eastern edge of the Park may 

harbor breeding sites for the Newell‟s shearwater.  Biologists hear Newell‟s shearwater 

vocalizing as they fly into these valleys from the lower elevations to the north and east 

(Bordenave pers. comm. 2011; Fretz pers. comm. 2011).  Although the project site is within the 

natural range of the Newell‟s shearwater, their vocalizations have not been heard in the project 

area and we believe these birds are unlikely to traverse the higher elevation portions of the 

Haleakala crater rim to access the lower elevation valleys.  Seabirds may be attracted to vehicle 

headlights and exposed to vehicle strike and fallout on the Park road.  In the past 10 years, 13 

downed Newell‟s shearwater have been detected on Maui (Spencer pers. comm. 2011); however, 

no Newell‟s shearwater fallout has been reported in the Park.  Because Newell‟s shearwater are 

unlikely to traverse the project site and Newell‟s shearwater fallout is unlikely to occur on the 

Park road, we concur with NSF‟s determination that the proposed construction and use of the 

ATST and the upgrade and ongoing use of the FAA towers is not likely to adversely affect the 

Newell‟s shearwater. 

 

7.2   Blackburn’s Sphinx Moth 

 

The Blackburn‟s sphinx moth is known to occur on the lower slopes of Haleakala where itmay 

be impacted by invasive species spread or introduced as a result of the ATST project.  Pressure-

washing heavy equipment, trucks, and trailers; inspections of shipping crates, construction 

materials, observatory equipment; and monitoring for and rapid eradication of non-native species 

provide the best available level of protection against habitat-modifying invasive insects, plants, 

and other pests.  Therefore, we concur with NSF‟s determination that the project is not likely to 

adversely affect the Blackburn‟s sphinx moth.   

 

7.3   Geranium multiflorum 

 

The slopes below Haleakala Observatories contain suitable habitat for Geranium multiflorum 

(nohoanu, many-flower geranium), although none are known to occur within the site.  Avoidance 

measures, including biological surveys of fence lines, avoidance by personnel hiking to conduct 

Hawaiian petrel and predator control field work, and invasive species interdiction projects 

minimize the potential for project impacts.  Therefore, we concur with NSF‟s determination that 

the project is not likely to adversely affect Geranium multiflorum.   
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7.4   Haleakala Silversword 

 

Current and Historical Range and Population Status  
The Haleakala silversword is endemic to a 2,500-ac (1,000-ha) area at 6,900 to 9,800 ft (2,100 to 

3,000 m) elevation in the crater and outer slopes of Haleakala, where it apparently occupies most 

of its historical range (Loope and Crivellone 1986).  Near extinction in the 1920‟s due to human 

vandalism and browsing by goats and cattle, the Haleakala silversword numbers have increased 

substantially due to protection and vigorous conservation efforts.  The first reliable information 

on Haleakala silversword numbers is from the summer of 1935 when Ranger S. H. Lamb tallied 

1,470 plants (88 of which were flowering) on a single cinder cone (Ka Moa o Pele) within 

Haleakala Crater (Lamb 1935).  Since about 217 plants were flowering within the crater (Lamb 

1935), a reasonable estimate of the total population at that time was about 4,000 individuals 

(Loope and Medeiros 1994b).  Information gathered since illustrates the trend of the silversword 

population over a 70-year period of protection.  Since plants occur on otherwise barren cinder, 

fairly accurate counts are possible.  Plants have been counted by successive investigators on the 

cinder cone, Ka Moa o Pele, where the largest number of plants occurred in 1935.  By 1979, the 

population on this volcanic cone had increased by 4.4 times, from 1,470 to 6,528 individuals 

(Kobayashi 1991).  Elsewhere in Haleakala Crater, the silversword also increased in numbers 

and extent, with large local populations in areas where few plants occurred in 1935.  A census of 

the entire Haleakala silversword population has been attempted four times since 1971, with the 

following results: 1971:  43,262 individuals (Kobayashi 1973); 1979-80: 35,000 total plants 

(Kobayashi 1991); 1982: 47,640 (Loope and Crivellone 1986); and, in 1991, 64,800 plants were 

counted (Kobayashi 1993).  The current population of silversword is approximately 16 times 

larger than the estimated population in 1935.  However, recent surveys indicate the population 

has since declined to 50,000 (USFWS 2008).  

 

Threats, Recovery Strategy, and Ongoing Conservation Measures    
Threats to the survival and recovery of the Haleakala silversword include trampling and 

browsing by ungulates, habitat alteration due to invasive introduced plant species (Perlman 

2009), loss of pollinators as a result of the Argentine ant (Iridomyrmex humilis) introduction 

(Starr 2007), and seed predation by native seed-eating and herbivorous insects.  Drought, higher 

temperatures, and changes in the inversion layer may also be contributing to the recent decline in 

the silversword population (Starr and Loope 2009).  The limited natural range of this taxon 

makes it vulnerable to extinction due to a single catastrophic event such as a natural disaster or 

non-native plant or animal introduction.  Protection of current populations from threats, the 

expansion of the current population, and the establishment of new populations are identified 

among the recovery plan actions necessary to conserve this species (Service 1997).    

 

The greatest threat to the native insect pollinators of the Haleakala silversword appears to be the 

Argentine ant.  This introduced species occupies two distinct areas between 6,792 and 9,350 ft 

(2,070 and 2,850 m) elevation, totaling about 400 ac (160 ha) in the Park.  A marked expansion 

in the ant‟s range was noted in 1993, especially at the higher elevation area (Medeiros et al. 

1994).  Unless this ant species is controlled, it appears capable of spreading widely, with 

potentially catastrophic effects on endemic biota, including the silversword (Carr et al. 1986, 

Danoff-Burg and Shepherd 2003).  Non-native yellow jackets (Vespula pennsylvanica) pose a 

lesser but significant threat toward elimination of Haleakala silversword pollinators.  
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The Haleakala silversword is dependent upon continuing seed production for its survival.  On 

average, 60 percent of the developing seeds are fed upon by the non-native tephritid fly and 

destroyed by the small, white grub-like larvae of this fly (Kobayashi 1974).  Developing seeds 

are also fed upon by the larvae of a native phycitid moth (Rhyncephestia rhabdotis) (Swezey 

1954, Zimmerman 1958), and an endemic cerambycid beetle (Plagithmysus terryt) which bores 

in roots and stems, and sometimes causes silversword plants to fall over.  Possible future threats 

include competition from non-native plant species, namely mullein (Verbascum thapsus) and 

fountain grass (Pennisetum setaceum) (Loope et al. 1992 and Perlman 2009), and human impacts 

(collecting and site degradation).  

 

One of the chief impacts of the long term degradation of high-elevation habitat of the 

silversword on Haleakala is the elimination of silversword populations in areas on the periphery 

of Haleakala Crater.  However, as a result of fencing the boundary of the Park in the mid-1980s, 

these areas are now protected from feral goats, which had extirpated the silversword from certain 

peripheral areas.  Protection of habitat from ungulates and reintroduction of plants into protected 

areas to reestablish significant numbers throughout the species‟ historical range are crucial for 

the conservation of this species.  

 

Since 2002, Haleakala silversword located within the Haleakala Observatories property 

increased in number from 9 to more than 100 plants.  Total numbers of individuals occurring 

along the Park road and within the proposed conservation/mitigation area and in the portions of 

the action area along the Park road are unknown (Anderson pers. comm. 2010 and Fein pers. 

comm. 2010).  Plants within the Park are protected from ungulates and the Park is actively 

engaged in research to develop control measures for the Argentine ant (Park 2006).  Plants 

within the proposed conservation/mitigation area and on the State land portions of the action 

area, within which Hawaiian petrel monitoring will occur, are exposed to browsing by feral 

goats.   

 

Effects of the Action on Haleakala Silversword 

Because measures to avoid impacts to silversword plants have been incorporated into ATST 

construction, maintenance, and operation; fence construction; Hawaiian petrel monitoring; and, 

conservation/mitigation area management actions, we concur with NSF‟s determination that the 

project is not likely to adversely affect the Haleakala silversword.  The proposed ATST project 

includes the propagation and outplanting of 300 Haleakala silversword plants into a fenced and 

managed site and these actions will contribute significantly to the conservation and recovery of 

this endangered plant.  In addition, fencing of the conservation/mitigation area will provide 

protected areas of habitat along the periphery of the historical range for the Haleakala 

silversword. 
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7.5   Plant Critical Habitat 

 

Haleakala silversword critical habitat occurs along both sides of approximately 7 miles (mi) (11 

kilometers (km)) of the Park road and approximately 56 ac (139 ha) occur within the proposed 

conservation/mitigation area.  A total of approximately 1,031.6 ac (417.4 ha) of Haleakala 

silversword critical habitat and 2.5 ac (1 ha) of Geranium multiflorum critical habitat occurs 

within the action area adjacent to the Park road and within the proposed conservation/mitigation 

area.  The patch of Geranium multiflorum critical habitat within the action area is located within 

the Park approximately 196.9 ft (60 m) upslope from the Park road.  Primary existing threats to 

this habitat include ungulate impacts, such as trampling and browsing and invasion by non-native 

plant species.  Pressure-washing heavy equipment, trucks, and trailers; inspections of shipping 

crates, construction materials, observatory equipment; and monitoring for and rapid eradication 

of non-native species provide the best available level of protection against habitat-modifying 

invasive insects, plants, and other pests.  Therefore, we concur with NSF‟s determination that the 

project is not likely to adversely affect plant critical habitat.  In addition, fencing and ungulate 

removal in the proposed conservation/mitigation area will benefit Haleakala silversword critical 

habitat.   

 

8.0 CUMULATIVE EFFECTS 

 

Cumulative effects are those impacts of future State and private actions that are reasonably 

certain to occur within the area of action subject to consultation.  Cumulative effects include the 

impacts of future State, tribal, local, or private actions that are reasonably certain to occur in the 

action area considered in this Biological Opinion.  Future Federal actions that are unrelated to the 

proposed action are not considered in this section because they require separate consultation 

pursuant to Section 7 of the Endangered Species Act.   

 

The cumulative impacts for this project include the incremental environmental impacts of the 

ATST project when added to other “past, present, and reasonably foreseeable future actions, 

regardless of what agency (Federal or non-Federal) or person undertakes such other actions.” 

Cumulative impacts can result from individually minor, but collectively significant, actions 

taking place over time. 

 

To identify other proposed projects within the action area, the High Altitude Observatories Long 

Range Development Plan (UH Institute for Astronomy 2005, pp. 36-53) and information from 

the Park was reviewed.  In November 2005, and again in February 2009, agencies known to have 

facilities and operations within the action area were contacted with a request to provide 

information on current and planned activities that could occur within the reasonably known 

future and contribute to cumulative impacts when considered with the proposed ATST project at 

Haleakala Observatories (KCE 2005, 2009).  The agencies were: 

 

1) County of Maui Police Department, Telecommunications 

2)  Department of Energy 

3)  Federal Aviation Administration 

4) Federal Bureau of Investigation 

5)  Haleakala National Park 
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6) Hawaiian Telcom 

7)  State of Hawaii Department of Accounting and General Services Public Works,  

 Information and Communications Services Division 

8)  Maui Electric Company 

9)  DLNR Maui Na Ala Hele 

10)  National Weather Service/National Oceanic and Atmospheric Administration (NOAA) 

11)  Raycom Media, Inc. 

12)  Sandia Laboratories 

13)  U.S. Coast Guard, Civil Engineering Unit 

14)  U.S. Air Force Research Laboratory 

 

The proposed Satellite Laser Ranging station, known as SLR 2000, is a small, one story pre-

fabricated building that will house an autonomous and eye-safe photon-counting Satellite Laser 

Ranging station.  The Satellite Laser Ranging station will be installed at Haleakala Observatories 

within an existing footprint of a concrete pad on the southwestern side of the Mees Solar 

Observatory (Figure 30).  The SLR 2000 is also described in the High Altitude Observatories 

Long Range Development Plan (UH Institute for Astronomy 2005, p. 51) and the FEIS (NSF 

2009, Section 1.5.2).  

 

 
Figure 30.  Location of proposed SLR 2000.   

 

 

The impact of the SLR 2000 was examined together with the impacts from past, present, and 

reasonably foreseeable activities within the action area for endangered species.  The cumulative 

effects of this proposed project on endangered or threatened species is described in detail in the 

FEIS (NSF 2009, Section 4.17.6).  The SLR 2000 poses some risk to Hawaiian petrels, since the 

pad that SLR 2000 would occupy is within 50 ft (15 m) of the nearest burrow at Puu Kolekole.  

Only minimal use of motorized equipment would, however, be necessary to assemble the 

Proposed 

SLR 2000
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building, and even though the construction would only take a few days, it would be done during 

the non-nesting season to limit the potential for impacts to the Hawaiian petrel. 

 

9.0 CONCLUSION 

 

After reviewing the current status of the listed species identified in Table 1, the environmental 

baseline, the effects of the proposed action and the cumulative effects, it is the Service‟s 

biological opinion that the action, as proposed is not likely to jeopardize the continued existence 

of the Hawaiian petrel and the Hawaiian goose.  The Service reached these conclusions based on 

the following findings, the basis for which is presented in the preceding sections of this 

document. 

Hawaiian Petrel   

The construction and maintenance of the ATST and conservation/mitigation fencing is likely to 

result in the take of a total of two Hawaiian petrels due to birdstrike.  A five year period of 

significant disturbance due to ATST construction is likely to reduce, by no more than 32, the 

number of fledglings produced by the Haleakala population.  It is unlikely that an unanticipated 

vibration spike associated with construction will injure or kill a Hawaiian petrel by dislodging a 

rock or collapsing a burrow.    

 

The continued operation and maintenance of FAA‟s existing RCAG system, consisting of two 

towers on Puu Kolekole, as modified pursuant to this project, is likely to result in the mortality of 

three adult or juvenile Hawaiian petrels due to birdstrike and, by reducing reproductive success 

(indirect effects), to the take of one fledgling.    

 

NSF will offset the project‟s adverse impacts to the Haleakala petrel population by minimizing 

predation impacts to Hawaiian petrels occupying a 328-ac (133 ha) conservation/mitigation area 

for a minimum of six years (or up to as many years as necessary to meet the net benefit 

objective).  The proposed conservation/mitigation area is currently occupied by 74 active 

Hawaiian petrel burrows.  The long-term status of the Hawaiian petrel will therefore remain 

unchanged as a result of the project.  

 

On the basis of these findings, the Service concludes the effects of the subject action, taken 

together with cumulative effects, are not likely to appreciably reduce the likelihood of both the 

survival and recovery of the Hawaiian petrel.  

 

Hawaiian Goose 

Calculations indicate up to nine Hawaiian geese may be struck and killed by project-related 

vehicle traffic accessing the project sites.  To reduce the chance of a collision with a Hawaiian 

goose, all drivers accessing the ATST and FAA sites during the life of the project will receive a 

Hawaiian goose briefing from the Institute for Astronomy.  Drivers will receive a refresher 

briefing regarding the Hawaiian goose at the beginning of this species‟ breeding season, 

approximately on November 1 of each year.  These measures will further reduce the probability 

of affecting this endangered species within the action area.  On January 16, 2010, NSF also 

incorporated traffic calming devices recommended in the January 12, 2010, NRAG report, into 

the Project Description.  These measures will not only minimize the threat of vehicle collisions 

resulting from project-related traffic (averaging approximately 47 vehicle round-trips per day 
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over the next 50 years) it will offset project-related fatalities by reducing impacts to this species 

resulting from the average 600 to 900 other vehicles accessing the Park each day.  On the basis 

of these findings, the Service concludes that the effects of the subject action, taken together with 

cumulative effects, are not likely to appreciably reduce the likelihood of both the survival and 

recovery of the Hawaiian goose. 

 

9.1 Incidental Take Statement  

 

Section 9 of the Act and Federal regulations pursuant to section 4(d) of the Act prohibit the take 

of endangered or threatened species, respectively, without special exemption.  Take is defined as 

harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt to engage in 

any such conduct.  Harm is further defined by the Service to include significant habitat 

modification or degradation that results in death or injury to listed species by significantly 

impairing essential behavioral patterns, including, breeding, feeding, or sheltering.  Harass is 

defined by the Service as intentional or negligent actions that create the likelihood of injury to 

listed species to such an extent as to significantly disrupt normal behavior patterns which 

include, but are not limited to, breeding, feeding or sheltering.   

 

Incidental take is defined as take that is incidental to, and not the purpose of, carrying out an 

otherwise lawful activity.  Under the terms of section 7(b)(4) and section 7(o)(2), taking that is 

incidental to and not intended as part of the agency action is not considered a prohibited taking 

under the Act provided that such taking is in compliance with the terms and conditions of this 

Incidental Take Statement. 

 

The measures described below are non-discretionary, and must be undertaken by NSF and FAA 

so that they become binding conditions to the applicant for the exemption in section 7(o)(2) to 

apply.  The NSF and FAA have a continuing duty to regulate the activity covered by this 

incidental take statement.  If NSF or FAA (1) fails to assume and implement the terms and 

conditions or (2) fails to require contractors to adhere to the terms and conditions of the 

incidental take statement through enforceable terms that are added to contract documents, the 

protective coverage of section 7(o)(2) may lapse.  In order to monitor the impact of incidental 

take, NSF and FAA must report the progress of the action and its impact on the species to the 

Service as specified in this incidental take statement [50 CFR 402.14(i)(3)]. 

 

Amount or Extent of Take Anticipated from ATST Construction, Operation, and 

Maintenance: 

Based on our analysis presented in this Biological Opinion, the Service anticipates the following 

take may occur as a result of the proposed action:  

 

1) The Service anticipates that up to two adult or juvenile Hawaiian petrels may be 

incidentally taken in the form of mortality due to striking ATST project structures in 

flight.  The Service anticipates that project-related harassment and indirect effects of 

birdstrike mortality will reduce the number of fledglings produced by Hawaiian petrels 

by no more than 32. 
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2) The Service anticipates that up to nine Hawaiian geese may be struck and killed by 

project-related vehicle traffic accessing the ATST project site.   

 

The Service will not refer the incidental take of any listed endangered or threatened migratory 

bird for prosecution under the Migratory Bird Treaty Act of 1918, as amended (16 U.S.C. §703-

712), if such take is in compliance with the terms and conditions specified herein. 

 

Amount or Extent of Take Anticipated from the FAA Tower Operation and Maintenance: 

Based on our analysis presented in this Biological Opinion, the Service anticipates the following 

take may occur as a result of the proposed action:  

 

1) The Service anticipates that up to three adult or juvenile Hawaiian petrels will be 

incidentally taken in the form of mortality due to striking FAA project structures and, by 

reducing reproductive success, indirect mortality will result in the take of one fledgling.   

 

The Service will not refer the incidental take of any listed endangered or threatened migratory 

bird for prosecution under the Migratory Bird Treaty Act of 1918, as amended (16 U.S.C. §703-

712), if such take is in compliance with the terms and conditions specified herein. 

 

Effect of the take 

In the accompanying Biological Opinion, the Service concludes that this level of anticipated take 

is not likely result in jeopardy to the Hawaiian petrel or the Hawaiian goose. 

Reasonable and prudent measures 

Reasonable and prudent measures serve to minimize impacts on the individuals or habitats 

affected by the action.  The Service believes the following reasonable and prudent measures are 

necessary and appropriate to minimize impacts of incidental take of the Hawaiian petrel and 

Hawaiian goose:   

 

1) The NSF and FAA will minimize the level of incidental take of the Hawaiian petrel 

occurring as a result of the project. 

 

2) The NSF and FAA will minimize the level of incidental take of the Hawaiian goose 

occurring as a result of project-related traffic. 

 

Terms and conditions 

In order to be exempt from the prohibitions of section 9 of the Act, NSF and FAA must comply 

with the following terms and conditions, which implement the reasonable and prudent measures, 

described above and specify reporting requirements.  These terms and conditions are non-

discretionary. 

 

In order to implement the reasonable and prudent measure above, the following terms and 

conditions apply.   

 

  



Dr. Craig B. Foltz  93 

The NSF will:   

 

1) Develop and implement a methodology (e.g., spreadsheet, database) for tracking project 

actions as described in the Project Description including the timing and implementation 

of the conservation/mitigation measures.  This project system should be completed within 

six (6) months from the date of this Biological Opinion.  The NSF will coordinate with 

the Service so that the tracking methodology is readily usable for both agencies in order 

to facilitate our joint monitoring of the objectives outlined in this Biological Opinion.  

 

2) Develop and implement a system to ensure project-related vehicle strikes to Hawaiian 

geese and mortality of Hawaiian petrels due to birdstrike are reported as soon as 

practicable to the Park and the Service.  Develop and implement measures to receive and 

respond to allegations of Hawaiian goose collisions on the Park road resulting from 

ATST traffic to determine if the responsible vehicle is related to the ATST project.  The 

NSF shall inform the Field Supervisor of the Service‟s Pacific Islands Fish and Wildlife 

Office in Honolulu, Hawaii, and the Service‟s Division Office of Law Enforcement 

USFWS Office of Law Enforcement, Hawaii & Pacific Islands, 3375 Koapaka Street  

#B296, Honolulu,  HI  96819, in writing of project-related take of any federally listed 

species within five (5) working days.  Send all Hawaiian goose and Hawaiian petrel 

carcasses found during monitoring to Dr. Thierry M. Work at the National Wildlife 

Health Center, Honolulu Field Station (U.S. Geological Survey-Biological Resources 

Discipline) for a necropsy.  The method of shipment and preservation will be determined 

in coordination with Dr. Work. 

 

3) If an injured Hawaiian petrel or Hawaiian goose is detected at an ATST project site, NSF 

will fund acute care for the bird by local Maui veterinarians and the bird‟s transport, if 

necessary, to a permitted wildlife rehabilitation center (currently located on Oahu and the 

island of Hawaii). 

 

The FAA will:   

 

1) Develop and implement a system to ensure project-related mortality of Hawaiian petrels 

due to birdstrike is monitored by maintenance staff .  The NSF biologist will, in year six 

of the action, develop the survey methodology and forms to be filled out in subsequent 

years by the maintenance staff.  Inform the Field Supervisor of the Service‟s Pacific 

Islands Fish and Wildlife Office in Honolulu, Hawaii, in addition to the Service‟s 

Division Office of Law Enforcement USFWS Office of Law Enforcement, Hawaii & 

Pacific Islands, 3375 Koapaka Street  #B296, Honolulu,  HI  96819, in writing of project-

related take of any federally listed species within five (5) working days.  Send all 

Hawaiian petrel carcasses found during monitoring to Dr. Thierry M. Work at the 

National Wildlife Health Center, Honolulu Field Station (U.S. Geological Survey-

Biological Resources Discipline) for a necropsy.  The method of shipment and 

preservation will be determined in coordination with Dr. Work. 
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