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Kahuku Wind Power Post-Construction Monitoring Protocol

Sampling to estimate the mortality occurring at a wind energy facility must consider spatial
and temporal factors at different scales. At the scale of the individual turbine, the area
searched should encompass the majority of where expected mortalities will fall; in addition,
the search interval has to be of a frequency where most carcasses will be discovered before
they are scavenged. When spatial and temporal variation within a site are considered,
individual turbines within a site should be sampled sufficiently to account for the spatial
variation that exists among turbines, as well as across seasons of the year when species of
interest are at the greatest risk of turbine collision.

The accuracy of a mortality estimate itself depends on several factors. The probability of
finding a carcass depends on the search interval and scavenging rates at the site. Scavenging
rates are typically estimated by conducting trials to yield representative carcass retention
times and search intervals are then adjusted accordingly. Another factor that determines the
probability of finding a carcass is searcher efficiency. Searcher efficiency will account for
individuals that may be killed by collision with project components but that are not found by
searchers for various reasons, such as vegetation cover.

This monitoring protocol outlines the scavenger and searcher efficiency trials that Kahuku
Wind Power will conduct as well as the search methods that will be used to locate carcasses
impacted by the operation of the wind facility.

EARLY POST-CONSTRUCTION STUDIES

The field methods proposed below are based primarily on a refinement of the methods that
have been used at Kaheawa Wind Power (KWP) on Maui since operations began in June 2006
(Kaheawa Wind Power 2006). Other recent studies of bird and bat fatalities at wind power
projects in the U.S. and Europe were also reviewed to develop and refine previously-approved
methods and search techniques (e.g., Kerns and Kerlinger 2004, Pennsylvania Game
Commission 2007, Stantec 2008, Stantec 2009, Arnett 2005, Jain et al. 2007, Fiedler et al.
2007 ).

The initial period of fatality monitoring at Kahuku Wind Power will entail frequent, systematic
searches of the area beneath each turbine by trained technicians. Carcass removal and
searcher efficiency trials will be conducted within this period. Subsequently, systematic
sampling at a pre-determined reduced effort will be conducted for one year at 5-year intervals
with attendant SEEF trials and carcass removal trials. A regular rapid assessment technique
will be developed for the interim years to determine direct take occurring between years of
systematic monitoring.

Factors Considered for Scavenger and Searcher Efficiency (SEEF) Trials

Factors that may affect the results of scavenger and SEEF trials include seasonal differences,
vegetation types and carcass sizes. All scavenger and SEEF trials will be conducted in
accordance with DOFAW monitoring guidelines.

Seasonal differences are presumed to affect the outcome of carcass removal trials. The rate
of carcass retention may vary due to seasonal changes in density of predators on site, or
seasonal changes in predator behavior. For the monitoring protocol at Kahuku Wind Power,
the year is divided into two seasons, the winter/spring season (December - May) and
summer/fall (June - November). Results from carcass removal trials may vary with season,
as they are known to at KWP (Kaheawa Wind Power 2008) but the outcome of SEEF trials are
not expected to vary with season.

Search plots will be mowed monthly and maintained throughout the life of the project. For this
reason, scavenger and SEEF trials are not expected to vary with vegetation type.



Carcass sizes will also likely affect the outcome of both scavenger and SEEF trials. Three size
classes have been established to reflect the size classes of the Covered Species: bat size,
medium birds (waterbirds) and large birds (seabirds, owl). Based on studies conducted at
KWP and elsewhere, it is expected that as size increases, both carcass retention times and
searcher efficiency will increase.

Placement of Carcasses for Searcher Efficiency and Carcass Removal Trials

Each carcass used in searcher efficiency or carcass removal trials will be placed randomly
within the search plots. These points will be generated within each identified vegetation zone
using ArcView 9x with the Generate Random Points tool in Hawth’s Analysis Tools 3.27.
Parameters that will be specified for each randomly chosen location will include the minimum
distance between random points. Minimum distances between random points will ensure that
carcasses are not placed too close together. This will maintain the independence of the
samples and prevent predator swamping. These points will subsequently be loaded into a GPS
as waypoints to allow the accurate placement of the carcasses.

Carcass Removal Trials

The objective of performing carcass removal studies at Kahuku Wind Power will be to
determine the average amount of time an avian or bat carcass remains visible to searchers
before being removed by scavengers or otherwise rendered undetectable. Trials will be
conducted at Kahuku Wind Power with the purpose of maintaining an ongoing record of
scavenging rates at different times of year, that will best reflect site-specific conditions in the
event that a take does occur. Eight to twelve carcass removal trials will be conducted during
the initial survey year, designed to enable four to six trials within a corresponding season
(summer/fall and winter/spring). These trials will be used to adjust the number of estimated
direct takes of Covered Species observed by correcting for carcass removal bias.

Each carcass removal trial will consist of placing a pre-determined number of carcasses (up to
a maximum of seven specimens) of varying size classes on the ground at random locations
within search plots. The carcass will be placed such that it approximates what would be
expected if a bird/bat came to rest on the ground after having collided with an overhead
structure. The intent will be to distribute trials within the project area to represent a range of
habitat conditions and seasonal variability. Fresh carcasses will be used whenever available, if
frozen carcasses are used, all carcasses will be thawed before being deployed. An example of
a possible sampling design is presented in Table 1.

All carcasses will be checked daily for up to 30 days, or until all evidence of the carcass is
absent. On day 30, all remaining materials, feathers or parts will be retrieved and properly
discarded. Results of trials provide a basis for determining the search frequency necessary to
ensure that birds and bats are not scavenged before they can be detected by searchers (see
Barrios and Rodriguez 2004 and Kaheawa Wind Power 2008). In some instances, carcasses
may be monitored beyond the 30 day survey duration if the information being gathered
substantially informs the conclusions of the monitoring exercise. Data will be analyzed by
season, and carcass size classifications.



Table 1. Possible Sampling Scheme for Kahuku Wind Power Carcass removal trials for One Season

Total
Trial Trial Trial Trial Trial  Trial sample
Size class Season  Vegetation 1 2 3 4 5 6 size
Winter / Mowed
Bats Spring grass 4 4 4 12
Winter / Mowed
Medium Birds Spring grass 3 3 3 9
Winter / Mowed
Large Birds Spring grass 3 3 3 9

Total 7 3 7 3 7 3 30




Searcher Efficiency Trials (SEEF)

As with SEEF trials at KWP, trials will be conducted in association with the regular search effort
to estimate the percentage of avian/bat fatalities that are found by searchers. Searcher
efficiency will be evaluated according to differences in carcass detection rates for different
sized birds and for bats. Estimates of searcher efficiency will be used to adjust estimates of
direct take by accounting for carcass detection bias.

Personnel conducting carcass searches will not be told when or where trials will be conducted.
Trials will be administered during the monitoring period but dates will be chosen randomly.
Each trial will consist of 3 - 7 bird carcasses and/or bats or bat surrogates. Prior to a search
commencing that same day, each carcass will be placed at randomly selected locations. Each
trial carcass will be discreetly marked and located by GPS so it can be relocated and identified
when found. If carcasses of the Covered Species are not available, carcasses of surrogate
species will be used as previously described. Data will be analyzed according to carcass size
classifications. If the results between trials is highly variable, more trials will be conducted to
increase statistical confidence in the resultant values and enable mean searcher detection
probabilities to be ascertained for the project site.

Procurement of Carcasses for Trials

If using state or federally protected species as surrogates for trials, all state and federal laws
pertaining to transport, possession, and permitted use of these species along with appropriate
animal use protocols will be followed. A scientific permit will be obtained for all species that
may be used in trials. The Applicant will cover all costs and responsibilities for acquiring
carcasses for trials. Carcasses used in the trials will be selected to best represent the size,
mass, coloration, and if possible should be closely related to or roughly the same proportions
as the Covered Species. For example, Wedge-tailed shearwaters, a close taxonomic relative
of the Hawaiian Petrel and Newell’s Shearwater, exhibit a close resemblance to both these
covered seabird species, and have been used successfully at KWP and elsewhere in carcass
removal trials. All carcasses used for the trials will be fresh or freshly thawed. Dark colored
mammals (e.g., small rats, mice) and small passerines (e.g. house finch, house sparrow) may
be used as surrogates for bats. Other types of avian carcasses that may prove useful for trials
include locally-obtained road kills, downed seabirds, owls, and waterbirds, or species not
protected under the MBTA such as pheasant (Phasianus colchicus) and rock dove (Columba
livia). Use of species protected under ESA or MBTA will require permission from DLNR and
USFWS.

Search Intervals

Consultation with the Endangered Species Recovery Committee (ESRC) and DLNR has
indicated a preference for search intervals that are equal to approximately 50% of the mean
carcass removal rate. Studies at the KWP facility indicate a mean carcass removal time of 9.2
days (n = 17). While Kahuku Wind Power will be conducting its own carcass removal trials,
due to an expected higher density of mongoose at Kahuku Wind Power than at KWP, an
average carcass retention time of one week (seven days) is assumed for the time being.
Therefore, in order to comply with the request of ESRC and DLNR and account for variability in
these removal rates, search intervals of three or four days were chosen. Thus, searches will
be carried out twice a week at the Kahuku Wind Power turbines. These search intervals may
be adjusted to more accurately reflect seasonal carcass removal rates as carcass removal
trials are conducted and data indicate appropriateness of sampling design modifications.

Should SEEF trials indicate that carcass retention times are less than 7 days, trapping may be
conducted to depress scavenger populations and increase carcass retention times. All
applicable permits will be obtained.



Search Areas Beneath Meteorological Towers

The search area beneath the temporary met towers will be circular and extend 10 m beyond
the supporting guy wires. The search area beneath the permanent unguyed met tower (80 m)
will also be circular and be half the height of the tower at 40 m search radius.

Search Areas Beneath Individual Turbines

Several studies of small-bodied animals (songbirds and bats), with adequate sample sizes (n
= 69 - 466), have shown that the majority of carcasses are found within a search area of less
than 50% of the maximum turbine height (Arnett 2005, Jain et al. 2007, Fiedler et al. 2007;
see Fig. 1a, b, 2a, b, ¢, d, e). Most of the carcass distributions (% fatalities vs. distance from
turbine) appear to be well described by 2" degree polynomials, with most fatalities found at
approximately 25% of the distance of turbine height, then decreasing with few fatalities
occurring beyond 50% of the maximum turbine height (Fig 2a, b, c).

These data are also supported by the distribution of carcasses that have been found at the
operating KWP facility. To date, after more than 3000 turbine plot searches conducted during
the three years operation at KWP, only eight carcasses have been found that are clearly
attributable to collisions with the turbines. The carcasses consist of one Hawaiian hoary bat,
one Hawaiian petrel, three néng, one barn owl, one ring-necked pheasant, and one white-
tailed tropicbird with distances from the turbine ranging from 2 - 73 m (2 - 81 % of maximum
turbine height at 90 m). Search plots for KWP are of 90 m radius (100% turbine height) and
no intact carcasses were found beyond a distance of 50% turbine height, with the exception of
the white-tailed tropicbird which was found in two locations (56% and 81% maximum turbine
height) in which a portion of the carcass was discovered at 81% maximum turbine height. It
should not be ruled out that the material recovered in this case may have been moved by a
scavenger.

Most studies have concentrated on the fatality distributions of small birds and bats. However,
these fatality distributions are also expected to apply to larger bodied birds, though because of
their greater weight, they will likely be found closer to the base of the turbines.

Given the considerations detailed above, it is proposed that search areas beneath individual
turbines for Kahuku Wind Power will consist of a combination of sample areas including 50%
and 75% maximum turbine height (64 m and 96 m, radii, respectively).

Spatial and Temporal Sampling Scheme During the First Year of Intensive Sampling

Frequency of Sampling

Sampling at Kahuku Wind Power will initially consist of twice weekly carcass searches. The

actual search intervals will be adjusted based on the results of the seasonal carcass removal
trials as they become available. The search intervals will be determined in consultation with
DLNR and USFWS.

Temporal Sampling Scheme

The first weekly search will consist of sampling all 12 turbines with a search area radius of
50% maximum turbine height (Figure 3A). The second search of the week will consist of
sampling a randomly selected subset of six turbines (Fig 3B) with a search area radius of 75%
of maximum turbine height. Turbines are randomly chosen to reduce possible bias. The
subsequent week, the other set of six turbines will be searched to 75% maximum turbine
height (Fig. 3C). The random selection of turbines will only be done once, prior to searches
commencing at the project. The same subset of turbines will then be alternated each week for
the remaining duration of the intensive sampling. In essence, each turbine will be searched to
75% turbine height at 2 week intervals. As the rate of mortality for all Covered Species at
Kahuku Wind Power is expected to be low, sampling all turbines twice weekly at the 50%
maximum turbine height and a subsample of six with a search area radius of 75% of turbine



height will ensure a high probability that most of the mortality will fall within the search areas.
The short search interval at 50% maximum turbine height will also increase the probability
that any carcasses will be found before they are removed by scavengers.

Plot Maintenance

All search plots will be mowed monthly out to 75% turbine height and maintained throughout
the life of the project.

Determining Spatial and Temporal Variation on Site

The twice weekly search frequency is anticipated to accurately describe variation in mortality
rates at different turbines within the site, as well as identify periods when Covered Species
that potentially occur year round on site (e.g., Hawaiian short-eared owl, Hawaiian hoary bat)
are at greater risk of collision. Each turbine will be sampled 108 times a year, resulting in a
total of 1296 turbine searches per year for the entire facility.

Intensive Sampling During the Second Year

Sampling intervals after the first year will be adjusted to reflect seasonal carcass retention
rates measured by the carcass removal trials. In addition, if sufficient data is collected and a
reliable correction factor is obtained for the search area between 50 -75% maximum turbine
height, all search plots may be reduced to 50% radius. The change in sampling regime will be
determined by Kahuku Wind Power in consultation with DLNR, USFWS and members of the
ESRC .

However, the same sampling regime as Year 1 will be continued if data indicates that more
sampling is needed before any change can be made.
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Figure 1a. Bat and bird fatalities (n=466 bats) at all turbines combined at
Meyersdale Wind Energy Center in Pennsylvania, 2 August to 13
September 2004 (Arnett 2005). The maximum turbine height was 115 m.
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Figure 1b. Bat and bird fatalities (n=499 bats) at all turbines combined at
Mountaineer Wind Energy Center in West Virginia, 31 August to 11
September 2004 (Arnett 2005). The maximum turbine height was
104.5m.
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Figure 2a, b. Distribution of fatalities (birds and bats) as a function of distance from a turbine for
Mountaineer and Meyersdale sites based on unadjusted counts, and counts adjusted for searcher detection
and sampling effort (figures from Arnett 2005). The maximum turbine height was 104.5 m.



180 a = o EA TR + V4T turbines
160 "r—-d"'?52§ _+Gﬁii"';-‘1'u"-1 = m VB0 turbines
o 140 - ——Poly. (V47 turbines)
@
£ 0 /-/"’ . “"\‘\_Pow. {VBO turbines)
£ 100
S \'\.
5 80 7
< &0
§ 40 /‘y:-D.4135x2—4.46??x+1.9018
2=
D T T T T T T * T T T
S S D S P S P S
W N W N W N W w N
D BT BT PP B P
5-m annuli
C
Bat Fall Density Distribution
02
. *
7 \
E I'l,
z 01 N
(-8 4 N
= —— Density
= —Log. (Density)
= £ 10 15 20 25 30 35 40 45 £0 55 80 &5 70 75 &0
o
0
Distance from Tower (m)
d
Bird Fall Density Distribution
0.03
5
£ 0025 T
002 1
: | Density
£ 0015 - oo
B \\ —Log. (Density)
g 001 II M
1 "
T 0005 —~ A
= W, - .+ 7_
N VARV S eSS
CREPPRPRPRPS PO
Distance from Tower (m)

Figure 2c. Number of bats found within 5m annuli around V47 turbines (n = 20) and V80 turbine (n=243)
from 5 April to 20 December 2005 and associated trend line for Buffalo Mountain, Tennessee (figure from
Fielder et al 2007). The trend line for the V80 predicts that bat fatalities would reach zero at 59.6 m from
the turbine (maximum turbine height is 120m). Data from the V47 is not considered in this report due to

small sample sizes.

Figure 2d,e. Maple Ridge Wind Power, New York bat and bird fatality density distributions from
September 1 to November 15, 2006, in relation to distance from towers with associated trend lines. The
maximum turbine heights were 122 m (figures from Jain et al 2007). The trend lines predict that bird
carcass densities approximate zero at 110m and at 45m for bats. The maximum turbine height was 122

m.
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Post Two-Year Intensive Sampling Period

Spatial and temporal trends on site should also be well understood at the end of the two-year
intensive sampling period, enabling correction factors to be appropriately applied. Depending
on findings, the correction factors may enable a decrease or modification of sampling effort
(e.g. increase in search intervals or decrease in the number of turbines searched), identify
specific turbines or times of the year when sampling effort should be concentrated, and inform
adaptive management considerations. Discussion with ESRC, USFWS and DLNR has
indicated a preference for the reallocation of effort whereby mitigation efforts are increased in
exchange for a reduction in fatality monitoring. It is expected that the systematic monitoring
effort will be scaled back by about 50%. It is also proposed that systematic fatality
monitoring after the post two-year intensive sampling period be conducted at the beginning of
5-year bins; years 6, 11 and 16, resulting in a total of 5 years of systematic monitoring during
the life of the project (Table 2). SEEF trials and carcass removal trials will be repeated during
these years to determine if any of the variables have changed over time (Table 2). All
adjustments to direct take will use the most recent estimates from the SEEF and carcass
removal trials.

In addition to this reduced monitoring effort, regular rapid assessment (RRA) of each search
plot will be conducted in the interim years. This may consist of personnel searching each plot
to 75% turbine height on an ATV (all terrain vehicle). The frequency at which the surveys
take place will be determined at the conclusion of the carcass removal trials for that 5-year
period. SEEF trials will also be conducted to determine the searcher efficiency of the chosen
RRA method. All adjustments to direct take found in the interim years will use the estimates
from the SEEF and carcass removal trials for that 5-year time period.

The systematic monitoring during the first year of the 5-year period and the subsequent 4-
year rapid assessment is designed to inform the Applicant if the take is still occurring at
Baseline levels or whether take has moved to a Higher or Lower tier based on 5-year and 20-
year take limits outlined in the HCP. Five-year total direct take levels will be determined for
each 5-year bin while 20-year total direct take levels will be a cumulative total from the start
of project operation.

This long-term sampling regime will be refined by Kahuku Wind Power in consultation with

ESRC, USFWS, statisticians and wind energy experts after the initial 2-year intensive sampling
period.
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Years

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
IM1 IM2 RRA RRA RRA SM RRA RRA RRA RRA SM RRA RRA RRA RRA SM RRA RRA RRA RRA
SEEF SEEF SEEF SEEF SEEF SEEF SEEF SEEF SEEF
trials trials trials trials trials trials trials trials trials
CRT CRT CRT CRT

1%t 5-year bin

2" 5-year bin

3 5-year bin

4% 5-year bin

IM1 = intensive monitoring for year 1; IM2 = intensive monitoring for year 2; RRA = regular rapid assessment; SM= systematic montoring
CRT= carcass removal trials

Total direct take for 1st 5-year bin = total direct take for IM1 + total direct take for IM2 + total direct take for RRA years

Total direct take for subsequent 5-year bins = total direct take for SM + total direct take for RRA years

Table 2. Timetable for SEEF and scavenger removal trials and search techniques
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Thomas, Sharon (CF)

From: Thomas, Sharon (CF)

Sent: Tuesday, April 27, 2010 4:38 PM

To: ‘James_Kwon@fws.gov'

Cc: oeqc@doh.hawaii.gov

Subject: RE: Comments on DOE/EA-1726 Federal Loan Guarantee to Kahuku Wind Power LLC,
Oahu, Hawaii

James,

Thank you for submitting comments on behalf of the U.S. Fish and Wildlife Service, Pacific Islands Fish and
Wildlife Office, on the draft Environmental Assessment for the Department of Energy Loan Guarantee to
Kahuku Wind Power, LLC for Construction of the Kahuku Wind Power Facility in Kahuku, O‘ahu, Hawai‘i
(DOE/EA-1726). | also appreciate your willingness to meet with me on April 1* to discuss these comments.
DOE has made several revisions to the EA to address your comments, as described below:

FWS recommended the title include mention of both "construction and operation™ associated with the proposed
wind energy facility. The Final Rule governing the Loan Guarantee Program (10 CFR Part 609) outlines
eligible project costs in Section 609.12. Operating costs are not eligible; therefore, the title of the document and
any related text that states what the loan guarantee is “for” does not include operation. DOE does state in the
EA that impacts from both construction and operation are analyzed and included in the EA.

FWS commented that in addition to construction equipment, construction materials may originate from outside
the State of Hawai‘i and have the potential to introduce non-native or invasive species. FWS requested that the
EA discuss measures to prevent such occurrences and recommended inspection of all such construction
materials. Section 3.11.2.1 of the draft EA discusses the unintentional introduction or transport of invasive
species and states that all construction equipment and vehicles arriving from outside of the Island of O“ahu
would be washed prior to entering the project area. This text has been supplemented and revised to include
additional information on visual inspection and/or washing (as appropriate) of construction materials.

FWS requested that in Section 3.12.4.1, DOE briefly describe each mitigation effort and how it will benefit
each covered species. FWS also recommended that the EA analyze the potential impacts of each mitigation
effort. Table 3.16 briefly summarizes each mitigation measure and subsequent text refers the reader to the
Habitat Conservation Plan for more details. The mitigation measures are also discussed in the EA for each
covered species starting on page 99. DOE has added text to describe how each mitigation measure would
benefit each covered species in Table 3.16 and throughout the text of Section 3.12.4.1. This text includes the
removal of koloa hybrids as proposed at Hamakua Marsh for the Hawaiian duck or duck hybrids, as requested.
DOE also added a discussion of the potential impacts of each mitigation measure throughout the text of Section
3.12.4.1. (Draft versions of this text were shared with you and agreed upon vie e-mail correspondence in April
2010).

Thank you for your continued cooperation! Please contact me if you would like to discuss the EA revisions in
more detail.

Sharon Thomas
Environmental Protection Specialist
DOE

From: James_Kwon@fws.gov [mailto:James_Kwon@fws.gov]
Sent: Monday, March 22, 2010 3:27 PM
1



To: Thomas, Sharon (CF)
Cc: oeqc@doh.hawaii.gov
Subject: Comments on DOE/EA-1726 Federal Loan Guarantee to Kahuku Wind Power LLC, Oahu, Hawaii

March 22, 2010
Dear Ms. Thomas:

On behalf of the U.S. Fish and Wildlife Service, Pacific Islands Fish and Wildlife Office, | would like to offer the following
comments on the draft Environmental Assessment for the Department of Energy Loan Guarantee to Kahuku Wind Power,
LLC for Construction of the Kahuku Wind Power Facility in Kahuku, Oahu, Hawaii (DOE/EA-1726):

1. Title, Purpose and Need Page 1, Section 1.1. We recommend the title as well the project description include mention
of both "construction and operation" associated with the proposed wind energy facility.

2. Page 74, Section 3.11.2.1. In addition to construction equipment, construction materials may originate from outside
the State of Hawaii. Please address the potential for the introduction of non-native or invasive species via construction
materials and any measures to prevent such occurrences. We recommend inspection of all such construction materials.

3. Page 95 to 108, Section 3.12.4.1. In general, please briefly describe each mitigation effort and how it will benefit each
covered species. For seabirds, for example, predation by feral cats and mongoose has been documented as a major
threat to listed seabirds, therefore, fencing and predator control are expected to increase adult survival and overall
productivity creating the net benefit to the species.

4. Seabird baseline mitigation Alternative 1 (Section 7.3.1.1), the preferred alternative for seabird mitigation, proposes
construction of a cat-proof fence [(length 1.6 to 2.0 miles (2.6 to 3.2 km)] which equates to an area approximately 100 to
160 acres in size. The seabird colony at the Makamakaole site occurs in West Maui Forest Reserve and may extend into
the Kahakuloa Natural Area Reserve (Kaheawa Wind Power Seabird Mitigation Plan 2009). Because the Kahuku HCP
includes the goal to achieve baseline mitigation actions at this site, with benefits of predator control and social attraction
studies contingent upon fencing , we believe this analysis is required. Therefore, we recommend the EA analyze impacts
of each mitigation alternative, as appropriate.

5. For the Hawaiian duck or duck hybrids, please include removal of koloa hybrids as proposed at Hamakua Marsh (HCP
Section 7.4.1).

Please feel free to contact us if you or the preparers of the EA have any questions or concerns regarding these
comments.

Sincerely,

James

James Kwon

U.S. Fish and Wildlife Service

Pacific Islands Fish and Wildlife Office
300 Ala Moana Blvd, Room 3-122
Honolulu, Hawaii 96850

ph: (808) 792-9433 fax: (808) 792-9580




APPENDIX K. EXPANDED DISCUSSION OF IMPACTS TO LISTED WILDLIFE

EFEEDERAL AND STATE LISTED SPECIES

No federally listed endangered, threatened, or candidate species are known to reside on the Kahuku
Wind Power project area and no portion of the project area has been designated as critical habitat for
any listed species. The endangered Hawaiian hoary bat or ‘ope‘ape‘a has been documented flying
over the project area and low bat activity has been recorded on the acoustic bat detectors. Several
federally listed endangered and threatened bird species occur regularly on nearby properties and
individuals some or all of these species may occasionally transit through the airspace of the proposed
Kahuku Wind Power facility. Presumed Newell’s shearwaters were detected flying over the Kahuku
Wind Power site during nocturnal radar surveys. No birds believed to be Hawaiian petrels, which also
may fly inland at night, were detected during the radar surveys. One state listed endangered species,
the Hawaiian short-eared owl or pueo, was heard in the Kahuku Wind Power project area by the radar
technicians and is believed to occur at least infrequently.

The proposed WTGs, on-site and off-site microwave towers, met tower, overhead collection lines and
relocated distribution line associated with the Kahuku Wind Power project would create collision
hazards for seven federally listed threatened or endangered species: the Hawaiian stilt or ae'o,
Hawaiian coot or ‘alae ke'oke'o, Hawaiian duck or koloa maoli, Hawaiian moorhen or ‘alae ‘ula,
Newell’s shearwater or ‘a‘o, Hawaiian petrel or ua'u, and Hawaiian hoary bat. These facilities would
also create a collision hazard for the state listed Hawaiian short-eared owl or pueo. These eight
species are also collectively referred to as the “"Covered Species” because Kahuku Wind Power LLC is
seeking to have incidental take of these eight species covered by a State of Hawai'i Incidental Take
License (ITL). Table 1 lists the federally and state-listed species with potential to be adversely
impacted by operation of the Kahuku Wind Power project. Lighting structures associated with the
facility, pursuant to Federal Aviation Administration (FAA) regulations, may increase the risk of avian
collisions (USFWS 2007).

Table 1. Federally or state listed species with potential to be impacted by the Kahuku Wind
Power project.

Scientific Name Common, Hawaiian Name(s) | Date Listed | Status®
Birds
Puffinus auricularis newelli Newell's shearwater, ‘a‘o 10/28/1975 T
Pterodroma sandwichensis Hawaiian petrel, ua'u 3/11/1967 E
Anas wyvilliana Hawaiian duck, koloa maoli 3/11/1967 E
Himantopus mexicanus knudseni | Hawaiian stilt, ae'o 10/13/1970 E
Fulica alai Hawaiian coot, ‘ala eke'oke'o 10/13/1970 E
Gallinula chloropus sandvicensis Hawaiian moorhen, ‘alae ‘ula 3/11/1967 E
Asio flammeus sandwichensis Hawaiian short-eared owl, pueo -- SE
Mammals
Lasiurus cinereus semotus Hawaiian hoary bat, ‘ope‘ape'a 10/13/1970 E
Y E = federally endangered; T = federally threatened; SE = state endangered

It is expected that Newell’s shearwater and Hawaiian petrels could occasionally transit over the off-site
microwave tower sites. No waterbirds are expected at either site due to unsuitable habitat. The
Hawaiian short-eared owl is not expected at the HECO Wailua substation due to unsuitable habitat, but
may be present at the Flying R Ranch site. Hawaiian hoary bats may potentially forage at either
microwave site. Information on this is discussed further below.



Information on each of the eight Covered Species and current threats to their populations is provided
below. More detailed information on these species is provided in the State HCP prepared as part of
the ITL application for the proposed project (SWCA and First Wind 2010).

Newell's Shearwater

Population, Biology, and Distribution of the Newell’'s Shearwater

The Newell’s shearwater is an endemic Hawaiian sub-species of the nominate species, Townsend’s
shearwater (Puffinus a. auricularis) of the eastern Pacific. The Newell’s shearwater is considered
“Highly Imperiled” in the Regional Seabird Conservation Plan (USFWS 2005b) and the North American
Waterbird Conservation Plan (Kushlan et al. 2002). Species identified as “Highly Imperiled” have
suffered significant population declines and have either low populations or some other high risk factor.

The most recent population estimate of Newell’s shearwater was approximately 84,000 birds, with a
possible range of 57,000 to 115,000 birds (Ainley et al. 1997). The largest breeding population of
Newell’s shearwater occurs on Kaua'i (Telfer et al. 1987, Day and Cooper 1995, Ainley et al. 1995,
1997, Day et al. 2003). Breeding also occurs on Hawai'i Island (Reynolds and Richotte 1997,
Reynolds et al. 1997, Day et al. 2003a) and almost certainly occurs on Moloka'i (Pratt 1988, Day and
Cooper 2002). Recent radar studies suggest the species may also nest on O‘ahu (Day and Cooper
2008). On Maui, radar studies and visual and auditory surveys conducted over the past decade
suggest that one or more small breeding colonies are present in the West Maui Mountains in the upper
portions of Kahakuloa Valley (G. Spencer/First Wind, pers. comm.).

Newell’s shearwaters typically nest on steep slopes vegetated by uluhe fern (Dicranopteris linearis)
undergrowth and scattered ‘Ohi‘a (Metrosideros polymorpha) trees. Currently, most Newell’s
shearwater colonies are found from 525 to 3,900 ft (160 to 1,200 m) above mean sea level, often in
isolated locations and/or on slopes greater than 65 degrees (Ainley et al. 1997). The birds nest in
short burrows excavated into crumbly volcanic rock and ground, usually under dense vegetation and
at the base of trees. A single egg is laid in the burrow and one adult bird incubates the egg while the
second adult goes to sea to feed. Once the chick has hatched and is large enough to withstand the
cool temperatures of the mountains, both parents go to sea and return daily to feed the chick.
Newell’s shearwaters arrive at and leave their burrows during darkness and birds are seldom seen
near land during daylight hours. During the day, adults remain either in their burrows or at sea.

The Newell’s shearwater breeding season begins in April, when birds return to prospect for nest sites.
A pre-laying exodus follows in late April and possibly May; egg-laying begins in the first two weeks of
June and likely continues through the early part of July. Pairs produce one egg, and the average
incubation period is thought to be approximately 51 days (Telfer 1986). The fledging period is
approximately 90 days, and most fledging takes place in October and November, with a few birds still
fledging into December (SOS Data).

The flight of the Newell’s shearwater is characterized by rapid beats interspersed with glides, although
beats tend to be fewer in high winds. The birds avoid flying with tailwinds because it decreases
control. Over land, ground speed of the species has been measured to average 38 mph or 61 kph
(Ainley et al. 1997). The wing beat pattern of Newell’s shearwater is somewhat similar to that of
Hawaiian petrel.

Current Threats to the Newell’s Shearwater

Declines in Newell’s shearwater populations are attributed to loss of nesting habitat, predation by
introduced mammals (mongoose, feral cats, rats, and feral pigs) at nesting sites, and fallout of
juvenile birds associated with disorientation from urban lighting (Ainley et al. 1997, Mitchell et al.
2005, Hays and Conant 2007).

No Newell’s shearwater fatalities have been recorded at KWP in the time since the Federal Incidental
Take Permit (ITP) and State ITL were issued in January 2006 (Kaheawa Wind Power LLC 2008a,
2008b).



Occurrence of Newell’s Shearwater in the Project Area and Off-site Microwave Towers

Day and Cooper (2008) conducted surveillance radar and audiovisual sampling at the Kahuku Wind
Power project area in fall 2007 and summer 2008. These surveys found an extremely low number of
targets exhibiting flight speeds and flight patterns that fit the “shearwater/petrel” category. Based on
surveys conducted on other islands, Newell’s shearwaters move to the interior portions of the islands
starting about 30 min after sunset, while Hawaiian petrel movements begin at sunset to about 60 min
after sunset (Day et al. 2003b). Over five nights of sampling in fall 2007, two petrels or shearwaters
were detected flying inland over the Kahuku Wind Power project area toward the Ko'olau Range and
two were detected flying seaward over the site from the Ko'olau Range. No petrels or shearwaters
were detected flying inland during seven nights of sampling in summer 2008, while seven petrels
and/or shearwater-like targets were recorded flying seaward.

No visual identification of these birds was possible, but Day and Cooper (2008) suggested that the
individuals were likely Newell’s shearwaters and not Hawaiian petrels since all targets were recorded
after complete darkness. While the uppermost elevation of the site reaches the lower elevation limit
for known nesting by this shearwater, no evidence was obtained to suggest that these birds could be
nesting on-site.

As indicated, Newell’s shearwater has not been confirmed as a nesting species on O'ahu. Assuming
the detected birds were Newell’s shearwaters, then their observed behavior of flying to and from the
Ko'olau Range suggests strongly that at least a small humber of these birds are breeding or
prospecting in these mountains. Because of the few detections obtained during the Day and Cooper
study and lack of radar studies from adjacent lands, it is not known whether the Kahuku Wind Power
project area lies within a corridor used regularly by these few birds as they move between their
nesting areas and the ocean. Observations of Newell’s shearwaters in the Hawaiian Islands indicate
that approximately 65% of shearwaters will fly at or below turbine height (Day and Cooper 2008).

No radar studies were conducted at the off-site microwave tower sites because the low heights of the
towers (60 ft or less) and their small profiles would present minimal collision risk to shearwaters. It is
expected that Newell’s shearwater individuals could occasionally transit over the off-site microwave
tower sites, but at much higher altitudes than the towers themselves (average flight height estimated
at 627 £ 82 ft or 191 + 25 m).

Hawaiian Petrel

Population, Biology, and Distribution of the Hawaiian Petrel

The Hawaiian petrel was once abundant on all main Hawaiian Islands except Ni‘ihau (Mitchell et al.
2005). The population was most recently estimated to be approximately 20,000, with 4,000 to 5,000
breeding pairs (Mitchell et al. 2005). Today, Hawaiian petrels breed in high-elevation colonies on
Maui, Hawai'i, Kaua'i and Lana'i (Richardson and Woodside 1954, Simons and Hodges 1998, Telfer et
al. 1987, DOFAW unpublished data 2006, 2007). Radar studies conducted in 2002 also suggest that
breeding may occur on Moloka'i (Day and Cooper 2002). Breeding is no longer thought to occur on
O'ahu (Harrison 1990).

Survey work at a recently re-discovered Hawaiian petrel colony on Lana'i, that had been previously
thought to be extirpated, indicates that thousands of birds are present, rather than hundreds of birds
as first surmised, and that the size of the breeding colony approaches that at Haleakala, Maui, where
as many as 1,000 pairs have been thought to nest annually (Mitchell et al. 2005, Tetra Tech EC, Inc.,
June 2008). Radar counts of petrels on the perimeter of Maui and recent colony detections by
Kaheawa Wind Power (KWP) researchers suggest that the Maui population may be much higher than
the 1,000 pairs previously estimated (Cooper and Day 2003).

Hawaiian petrels are nocturnal and subsist primarily on squid, fish, and crustaceans caught near the
sea surface. On Kaua'i, Hawaiian petrels move from the sea to the interior portions of the island
between sunset and about 60 min after sunset (Day et al. 2003b).



Hawaiian petrels are active in their nesting colonies for about eight months each year. The birds are
long-lived (ca. 30 years) and return to the same nesting burrows each year between March and April.
Present-day Hawaiian petrel colonies are typically located at high elevations above 8,200 ft (2,500 m).
The types of habitats used for nesting are very diverse and range from xeric habitats with little or no
vegetation, such as at Haleakala National Park on Maui, to wet forests dominated by ‘6hi‘a with uluhe
understory as those found on Kaua'i (Mitchell et al. 2005). Females lay only one egg per year, which
is incubated alternately by both parents for approximately 55 days. Eggs hatch in June or July, after
which both adults fly to sea to feed and return to feed the nestling. The fledged young depart for sea
in October and November. Adult birds do not breed until age six and may not breed every year, but
pre-breeding and non-breeding birds nevertheless return to the colony each year to socialize (SWCA
and First Wind 2010).

Current Threats to the Hawaiian Petrel

The most serious land-based threat to the species is predation of eggs and young in the breeding
colonies by introduced mammalian predators such as small Indian mongoose, feral cats, pigs, dogs,
and rats. Owls have also been documented as predators of fledglings (Hodges and Nagata 2001).
Population modeling by Simons (1984) suggested that this species could face extinction in a few
decades if predation was not controlled. Intensive trapping and habitat protection has helped to
improve nesting and fledging success (Ainley et al. 1997). Hodges and Nagata (2001) found that
nesting activity (signs of burrow activity) in sites protected from predators on Haleakala ranged from
37.25 to 78.13% while nesting activity in unprotected sites ranged from 23.08 to 88.17%. Nesting
success (proportion of active burrows that showed signs of fledging chicks) in protected sites ranged
from 16.97 to 50.00%, while nesting success in unprotected sites ranged from 0.00 to 44.00%
(Hodges and Nagata 2001).

Ungulates can indirectly affect nesting seabirds by overgrazing and trampling vegetation, as well as
facilitating erosion. Climatic events such as El Niflo can also impact the reproductive success of
seabirds (Hodges and Nagata 2001). Other threats include occasional mortality from collisions with
power lines, fences, and other structures near breeding sites or attraction to bright lights. In addition,
juvenile birds are sometimes grounded when they become disoriented by lights on their nocturnal first
flight from inland breeding sites to the ocean. The problem is much smaller than the one involving
Newell’s shearwaters (see previous section), and Simons and Hodges (1998) conclude that it is
probably not a threat to remaining populations. Hawaiian petrels are known to occasionally collide
with tall buildings, towers, powerlines, and other structures while flying at night between their nesting
colonies and the ocean (Federal Register 2004).

Occurrence of the Hawaiian Petrel in the Project Area and Off-site Microwave Towers

As discussed in the previous section, several birds that were either Newell’s shearwaters or Hawaiian
petrels were detected by radar flying over the Kahuku Wind Power project area. No visual
identification of these birds was possible, but Day and Cooper (2008) suggested that the individuals
were likely Newell’s shearwaters and not Hawaiian petrels since all targets were recorded after
complete darkness. However, because of a lack of definitive identification of these birds, it is
considered possible that a small number of Hawaiian petrels could occasionally fly over the Kahuku
Wind Power project area during their nesting season (March through September). Hawaiian petrels fly
at higher altitudes than Newell’s shearwater on average (191 £ 25 m vs 125 £ 4 m; Cooper and Day
2003) and would be less likely to collide with the wind turbines and blades than Newell’s shearwater.

No radar studies were conducted at the off-site microwave tower sites because the low heights of the
towers (60 ft or less) and their small profiles would present minimal collision risk to petrels. Itis
expected that Hawaiian petrel individuals could occasionally transit over the off-site microwave tower
sites, but at much higher altitudes than the towers themselves (average flight height estimated at 410
+ 13 ft or 125+ 4 m, Cooper and Day 2003).

Waterbirds (Hawaiian Duck, Hawaiian Stilt, Hawaiian Coot, Hawaiian Moorhen)

The Hawaiian duck, Hawaiian stilt, Hawaiian coot, and Hawaiian moorhen require wetlands for their
survival (USFWS 2005a). The loss and degradation of coastal wetlands, as a result of coastal
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development and runoff, has been a significant factor in the decline of these birds in Hawai'i. Between
1780 and 1980, the area of coastal wetland habitat in the main Hawaiian Islands declined by 31%
(Evans et al. 1994). Coastal wetlands were filled for commercial, residential, and resort developments
and drained for agriculture. Predation by introduced animals, disease, and environmental
contaminants have also contributed to the population decline of Hawai'i's endangered waterbirds.
Furthermore, invasive plants, such as mangroves and grasses, have encroached on wetlands and
altered natural processes (Evans et al. 1994, USFWS 2005a).

No critical habitat has been designated for any of Hawai'i's endangered waterbirds (USFWS 2005a).
The general recovery objectives for the endangered waterbirds, as described in the Second Draft
Recovery Plan for Hawaiian Waterbirds (2005a), are the following: stabilize or increase populations to
greater than 2,000 individuals per species; establish multiple self-sustaining breeding populations
throughout their historic ranges; protect and manage core and supporting wetlands statewide;
eliminate or control the threat of introduced predators, diseases, and contaminants; and remove the
island-wide threat of the Hawaiian duck hybridizing with feral mallards.

All four of these waterbirds are known to occur regularly in the Ki'i Unit of the James Campbell NWR,
which lies near the proposed Kahuku Wind Power facility.! Of these four species, only possible
Hawaiian ducks have been observed flying over the Kahuku Wind Power project area during avian
surveys conducted by First Wind and SWCA. All "Hawaiian ducks” observed during the surveys were
flying over the project area; a pair of ducks was also observed on one occasion incidental to the
surveys following a period of prolonged rain in an ephemeral area of standing water. Individual
information on the four species of waterbirds is provided below.

Hawaiian Duck

Population, Biology, and Distribution of the Hawaiian Duck

The Hawaiian duck is a non-migratory species endemic to the Hawaiian Islands, and the only endemic
duck extant in the main Hawaiian Islands (Uyehara et al. 2008). The known historical range of the
Hawaiian duck includes all the main Hawaiian Islands except for the Islands of Lana'i and Kaho'olawe.
Hawaiian duck are strong flyers and usually fly at low altitudes. Intra-island movement has been
recorded, where they may move between ephemeral wetlands or disperse to montane areas during
the breeding season (Engilis et al. 2002). Hawaiian ducks also fly inter-island and have been
documented to fly regularly between Ni‘ihau and Kaua'i in response to above-normal precipitation and
the flooding and drying of Ni‘ihau’s ephemeral wetlands (USFWS 2005a). Hawaiian ducks occur in
aquatic habitats up to an altitude of 10,000 ft (3,048 m) in elevation (Uyehara et al. 2007). The only
naturally occurring population of Hawaiian duck exists on Kaua'i, with reintroduced populations on
O'ahu, Hawai'i, and Maui (Pratt et al. 1987, Engilis et al. 2002, Hawaii Audubon Society 2005).

Hawaiian ducks are closely related to mallards (Browne et al. 1993). Due to this close genetic
relationship, Hawaiian ducks will readily hybridize with mallards and allozyme data indicate there has
been extensive hybridization between Hawaiian duck and feral mallards on O'ahu, with the near
disappearance of koloa maoli alleles from the population on the island (Browne et al. 1993, A. Engilis/
UC Davis, pers. comm.). Uyehara et al. (2007) found a predominance of hybrids on O‘ahu and
samples collected by Browne et al. (1993) from ducks and eggs at the Ki'i Unit of the James Campbell
NWR found mallard genotypes. In 2005, a peak count of 141 Hawaiian duck x mallard hybrids were
recorded on the Ki'i Unit of the James Campbell NWR (USFWS, unpubl). Populations on Maui are also
suspected to largely consist of Hawaiian duck x mallard hybrids. Estimated Hawaiian duck hybrid
counts on these islands are 300 and 50 birds, respectively (Engilis et al. 2002, USFWS 2005a). The
current wild population of pure Hawaiian ducks is estimated at approximately 2,200 birds. Roughly
200 pure individuals occur on the Island of Hawai'i and the remainder reside on Kaua'i. Because of
similarities between the species, it can be difficult to distinguish between pure Hawaiian ducks, feral
hen mallards, and hybrids during field studies.

! “Hawaiian ducks” occurring at James Campbell NWR and elsewhere on O'ahu are all believed to be Hawaiian duck
x mallard hybrids.



Habitat types utilized by the Hawaiian duck include natural and man-made lowland wetlands, flooded
grasslands, river valleys, mountain streams, montane pools, forest swamplands, aquaculture ponds,
and agricultural areas (Engilis et al. 2002, Hawaii Audubon Society 2005, USFWS 2005a). The James
Campbell NWR provides suitable habitat for foraging, resting, pair formation, and breeding (Engilis et
al. 2002). Hawaiian ducks occasionally transit the Kahuku Wind Power area and have been observed
using the ephemeral ponds found on site after heavy rains. These ponds disappear rapidly following
the cessation of rainfall, leaving the project area devoid of suitable habitat for the duck.

Breeding occurs year-round, although the majority of nesting occurs from March through June. The
peak breeding season on Kaua'i Island occurs between December and May and the peak on Hawai'i
Island occurs from April to June (Uyehara et al. 2008). Nests are placed in dense shoreline vegetation
of small ponds, streams, ditches, and reservoirs (Engilis et al. 2002). Types of vegetation associated
with nesting sites of Hawaiian duck include grasses, rhizominous ferns, and shrubs (Engilis et al.
2002). The diet of Hawaiian ducks consists of aquatic invertebrates, aquatic plants, seeds, grains,
green algae, aquatic mollusks, crustaceans, and tadpoles (Engilis et al. 2002, USFWS 2005a).

Current Threats to the Hawaiian Duck

Hybridization with mallards is the largest threat to the Hawaiian duck. Reintroduction of pure
Hawaiian ducks to O'ahu is being contemplated, although in order for pure Hawaiian ducks to persist
on O'ahu following reintroduction, the removal of all hybrids and the elimination of all sources of feral
mallard ducks will need to occur (Engilis et al. 2002). James Campbell NWR in Kahuku is expected to
play a key role in any future reintroduction of pure Hawaiian ducks to O‘'ahu (USFWS 2005a,
Kwon/USFWS, pers. comm.). At present it is uncertain when and if reintroduction would occur, but it
is possible that reintroduction could occur during the 20-year life of the proposed project.

Hawaiian ducks are preyed upon by mongoose, feral cats, feral dogs, and possibly rats (Engilis et al.
2002). Black-crowned night-herons, largemouth bass (Micropterus salmoides), and bullfrogs
(Lithobates catesbeianus) have been observed to take ducklings (Engilis et al. 2002), and it is
presumed here that cattle egrets could do the same. Avian diseases are another threat to Hawaiian
ducks, with outbreaks of avian botulism (Clostridium botulinum) occurring annually throughout the
state. In 1983, cases of adult and duckling mortality on O‘ahu were attributed to Aspergillosis and
Salmonella (Engilis et al. 2002). As stated previously, the loss and degradation of coastal wetlands
have been a significant factor in the decline of these birds in Hawai'i.

Little is known about the interaction of Hawaiian ducks with wind turbines. Studies of wind energy
facilities located in proximity to wetlands and coastal areas in other parts of the United States and the
world have shown that waterfowl and shorebirds have some of the lowest collision mortality rates at
these types of facilities, suggesting that these types of birds are among the best at recognizing and
avoiding wind turbines (e.g., Koford et al. 2004, Jain 2005, Carothers 2008). In support of these
findings, systematic and ancillary observations of néné or Hawaiian goose (Branta sandvicensis) in
flight at the KWP facility on Maui indicate this species is capable of exhibiting deliberate avoidance of
wind turbines under prevailing conditions (Kaheawa Wind Power 2008).

Occurrence of the Hawaiian Duck in the Project Area and Off-site Microwave Towers

Ducks resembling Hawaiian ducks (but likely to be hybrids) have been seen flying over the lower
elevation eastern portion of the Kahuku Wind Power project area on three occasions during point
count surveys and one incidental observation (SWCA and First Wind 2010). These individuals were
not observed landing on the site. More recently, a pair of ducks that resembled Hawaiian ducks was
observed on-site following a period of heavy rain in a flooded depression in the area where topsoil had
been excavated historically (L. Ong/SWCA pers. obs.). Hawaiian duck-like ducks flying over the
nearby wetlands have been observed up to heights of approximately 200 ft (60 m). Thus, while flying
over the Kahuku Wind Power project area, ducks may be vulnerable to colliding with the WTGs,
turbine blades, and met towers. The estimated passage rate of Hawaiian duck-like ducks over the
Kahuku Wind Power project area is 0.003 birds/ha/hr or 8.0 birds/day for the entire site (SWCA and
First Wind 2010).



Due to the residential nature of the environment at the HECO Waialua substation microwave tower
(asphalt roads, traffic, close proximity to houses), no waterbirds are expected to utilize the site. No
habitat suitable for waterbirds occurs at the microwave tower site at Flying R Ranch as well, which
consists of non-native forest with no nearby water features. Thus no Hawaiian ducks are expected to
be near the vicinity of either off-site microwave tower.

Because of hybridization with feral mallards, it is questionable whether the Hawaiian duck-like ducks
present on O'ahu are protected under Section 9 of the ESA. However, at the request of the USFWS,
the Applicant has agreed to consider the Hawaiian duck-like ducks present in the general project
vicinity as if they were pure Hawaiian ducks. Consequently, the Applicant is offering to provide
mitigation to compensate for the loss of any Hawaiian duck-like ducks resulting from construction and
operation of the Kahuku Wind Power project.

Hawaiian Stilt

Population, Biology, and Distribution of the Hawaiian Stilt

The Hawaiian stilt is a non-migratory endemic subspecies of the black-necked stilt (Himantopus
mexicanus mexicanus). The black-necked stilt occurs in the western and southern portions of North
America, southward through Central America and the West Indies to southern South America and also
the Hawaiian Archipelago (Robinson et al 1999). The U.S. Pacific Islands Regional Shorebird
Conservation Plan considers the Hawaiian stilt as highly imperiled because of its low population level
(Engilis and Naughton 2004). Over the past 25 years, the Hawaiian stilt population has shown a
general upward trend statewide. Annual summer and winter counts have shown variability from year
to year. This fluctuation can be attributed to variation in winter rainfall and reproductive success
(Engilis and Pratt 1993, USFWS 2005a). The state population size has recently fluctuated between
1,200 to 1,500 individuals with a five-year average of 1,350 birds (USFWS 2005a). Adult and juvenile
dispersal has been observed both intra- and inter-island within the state (Reed et al. 1998).

O'ahu supports the largest number of stilts in the state, with an estimated 35 to 50% of the
population residing on the island. Some of the largest concentrations can be found at the James
Campbell NWR, Kahuku aquaculture ponds, Pearl Harbor NWR, and Nu'upia Ponds in Kane'ohe
(USFWS 2005a). The Ki'i Unit of the James Campbell NWR, and the Waiawa Unit and Pond 2 of the
Honouliuli Unit of the Pearl Harbor NWR are the most productive stilt habitats, with birds numbering
near 100 or above during survey counts (USFWS 2002, USFWS unpubl. data). Hatching success of
stilt nests has been greater than 80% in the Ki'i Unit, but chick mortality rates are high (USFWS
2002).

Hawaiian stilts favor open wetland habitats with minimal vegetative cover and water depths of less
than 9.4 inches (24 cm), as well as tidal mudflats (Robinson et al. 1999). Stilts feed on small fish,
crabs, polychaete worms, terrestrial and aquatic insects, and tadpoles (Robinson et al. 1999, Rauzon
and Drigot 2002). Hawaiian stilts tend to be opportunistic users of ephemeral wetlands to exploit the
seasonal abundance of food (Berger 1972, USFWS 2005a). Hawaiian stilts nest from mid-February
through late August with variable peak nesting from year to year (Robinson et al. 1999). Nesting sites
for stilts consist of simple scrapes on low relief islands within and/or adjacent to ponds. Clutch size
averages four eggs (Hawaii Audubon Society 2005, USFWS 2005a).

Current Threats to the Hawaiian Stilt

The most important causes of decline of the Hawaiian stilt and other Hawaiian waterbirds is the loss of
wetland habitat and predation by introduced animals. Barn owls and the endemic Hawaiian short-
eared owl are known predators of adult stilts and possibly their young (Robinson et al. 1999, USFWS
2005a). Known predators of eggs, nestlings, and/or young stilts include small Indian mongoose, feral
cat, rats, feral and domestic dogs, black-crowned night-heron, cattle egret, common mynah, ruddy
turnstone, laughing gull (Larus atricilla), American bullfrog (Rana catesbeiana), and large fish
(Robinson et al. 1999, USFWS 2005a). A study conducted at the Ki'i Unit of the James Campbell NWR
between 2004 and 2005 attributed 45% of stilt chick losses to bullfrog predation over the two
breeding periods (USFWS, unpubl. data). The Ki'i Unit has on-going control programs for mongoose,
feral cats, rats, cane toads (Bufo marinus), and bullfrogs (M. Silbernagle/USFWS, pers. comm.).
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Other factors that have contributed to population declines in Hawaiian stilts include altered hydrology,
alteration of habitat by invasive non-native plants, disease, and possibly environmental contaminants
(USFWS 2005a). Although the Hawaiian stilt is considered imperiled, it is believed to have high
recovery potential with a moderate degree of threat.

Little is known about the interaction of black-necked stilt with turbines in the United States. One
black-necked stilt was reported at the Altamont Pass Wind Resource Area from 2005-2007 (Altamont
Pass Avian Monitoring Team 2008). The annual adjusted fatality per turbine was 0.00193 stilt per
turbine. In general, low mortality of waterbirds has been documented at wind turbines situated
coastally, like the proposed Kahuku Wind Power project, despite the presence of high numbers of
waterbirds in the vicinity (Kingsley and Whittam 2007, Carothers 2008). Many studies of coastal-wind
energy facilities have shown that waterbirds and shorebirds are among the birds most wary of
turbines and that these birds readily learn to avoid the turbines over time (Carothers 2008).

Occurrence of the Hawaiian Stilt in the Project Area and Off-site Microwave Towers

No suitable habitat for Hawaiian stilt occurs on the Kahuku Wind Power project area. No Hawaiian
stilts were seen flying over the proposed Kahuku Wind Power facility during the avian point count
surveys conducted by Kahuku Wind Power LLC and SWCA, although one downed individual was found
incidentally on the site next to a temporary met tower. Post-mortem results by USFWS veterinarians
indicated that the bird was emaciated and carried a heavy parasite load. As there were no broken
bones or abrasions to indicate a collision with the met tower or guy wires, the bird was determined to
likely have died of natural causes. However, since the carcass was found at the base of the met
tower, the final cause of death was declared indeterminate and not attributed to the met tower (K.
Swindle/USFWS, pers. comm.). Because of the known dispersal capabilities of these birds and their
regular occurrence at the nearby Ki'i Unit of James Campbell NWR, it is expected that individual stilts
can fly over the Kahuku Wind Power project area on a very irregular basis while moving between
wetlands or islands.

Due to the residential nature of the environment at the HECO Wailua substation microwave tower
(asphalt roads, traffic, close proximity to houses), no waterbirds are expected to utilize or fly over the
site. No habitat suitable for waterbirds occurs at the microwave tower site at Flying R Ranch as well,
which consists of non-native forest with no nearby water features. Thus, no Hawaiian stilts are
expected to be near the vicinity of either off-site microwave tower.

Hawaiian Coot

Population, Biology, and Distribution of the Hawaiian Coot

The Hawaiian coot is an endangered species endemic to the main Hawaiian Islands, except
Kaho'olawe. The Hawaiian coot is non-migratory and believed to have originated from migrant
American coots (Fulica americana) that strayed from North America. The species is an occasional
vagrant to the northwestern Hawaiian Islands west to Kure Atoll (Pratt et al. 1987, Brisbin et al 2002).

The population of Hawaiian coot has fluctuated between 2,000 and 4,000 birds. Of this total, roughly
80% occur on O'ahu, Maui, and Kaua'i (Engilis and Pratt 1993, USFWS 2005a). The O‘ahu population
fluctuates between approximately 500 to 1,000 birds. Hawaiian coots occur regularly in the Ki'i Unit
of the James Campbell NWR, with peak counts in 2005 and 2006 reaching nearly 350 birds (USFWS
2002, USFWS 2005a, USFWS unpubl. data). Population fluctuations in these areas are attributed to
variations in seasonal rainfall and reproductive success. Inter-island dispersal has been noted and is
presumably influenced by seasonal rainfall patterns and food abundance (USFWS 2005a).

Coots are usually found on the coastal plain of islands and prefer freshwater ponds or wetlands,
brackish wetlands, and man-made impoundments. They prefer open water that is less than 12 inches
(30 cm) deep for foraging. Preferred nesting habitat has open water with emergent aquatic
vegetation or heavy stands of grass (Schwartz and Schwartz 1949, Brisbin et al. 2002, USFWS
2005a). Nesting occurs mostly from March through September, with opportunistic nesting occurring
at other times of year depending on rainfall. Hawaiian coots construct floating nests of aquatic
vegetation, semi-floating nests attached to emergent vegetation or nests in clumps of wetland
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vegetation (Brisbin et al. 2002, USFWS 2005a). False nests are also sometimes constructed and used
for resting or as brooding platforms (USFWS 2005a). Coots feed on seeds, roots, and leaves of
aquatic and terrestrial plants, freshwater snails, crustaceans, tadpoles, small fish, and aquatic and
terrestrial insects (Schwartz and Schwartz 1949, Brisbin et al. 2002).

Current Threats to the Hawaiian Coot

The USFWS Second Draft Recovery Plan for Hawaiian Waterbirds (2005a) lists the Hawaiian coot as
having high potential for recovery and a low degree of threats (USFWS 2005a). Introduced feral cats,
feral and domestic dogs, and mongoose are the main predators of adult and young Hawaiian coots
(Brisbin et al. 2002, Winter 2003). Other predators of young coots include black-crowned night-
heron, cattle egret, and large fish. Coots are susceptible to avian botulism outbreaks in the Hawaiian
Islands (Brisbin et al. 2002). Wetland loss and degradation has also been noted as contributing to the
decline of this species, as stated previously. Low numbers of American coot fatalities have been
reported at two wind facilities in California and Minnesota, where standing or ponded water within the
project area was an attractant (Erickson et al. 2001).

Occurrence of the Hawaiian Coot in the Project Area and Off-site Microwave Towers

No Hawaiian coots were observed in flight at the Kahuku Wind Power project area during the year-
long avian point count survey. However, Hawaiian coots are known to disperse between islands, so
there is potential for coots to occasionally fly over the lower elevations of Kahuku Wind Power project
area if moving between wetlands or islands. No suitable habitat for Hawaiian coot occurs on the
Kahuku Wind Power project area.

Due to the residential nature of the environment at the HECO Waialua substation microwave tower
(asphalt roads, traffic, close proximity to houses), no waterbirds are expected to utilize the site. No
habitat suitable for waterbirds occurs at the microwave tower site at Flying R Ranch as well, which
consists of non-native forest with no nearby water features. Thus, no Hawaiian coots are expected to
be near the vicinity of either off-site microwave tower.

Hawaiian Moorhen

Population, Biology, and Distribution of the Hawaiian Moorhen

The Hawaiian moorhen is an endangered, endemic, non-migratory sub-species of the cosmopolitan
common moorhen (Gallinula chloropus). It is believed that the sub-species originated through
colonization of Hawai'i by stray North American migrants (USFWS 2005a). Originally occurring on all
the main Hawaiian Islands (excluding Lana'i and Kaho'olawe), Hawaiian moorhen is currently limited
to regular occurrence on the Islands of Kaua'i and O'ahu (Hawaii Audubon Society 2005, USFWS
2005a). A population was reintroduced to Moloka'i in 1983, but no individuals remain on the island
today.

Hawaiian moorhens are very secretive; thus, population estimates and long-term population trends
are difficult to approximate (Engilis and Pratt 1993, Hawaii Audubon Society 2005, USFWS 2005a).
The population of Hawaiian moorhen appears to be stable, with an average annual total of 314 birds
estimated between 1977 and 2002. Approximately half of this population occurs on O'ahu. Seasonal
fluctuations in population have been recorded, although this is believed to be an artifact of sparser
vegetation allowing greater visibility in fields in winter than in summer (USFWS 2005a). In 2006, a
peak of over 90 moorhens was recorded at the Ki'i Unit of the James Campbell NWR (USFWS unpubl.
data).

In Hawai'i, moorhens largely depend on agricultural and aquaculture habitats. They prefer freshwater
marshes, taro patches, reservoirs, wet pastures, lotus fields, and reedy margins of water courses.
The habitats in which they occur are generally below 410 ft (125 m) in elevation (Pratt et al. 1987,
Engilis and Pratt 1993, Hawaii Audubon Society 2005, USFWS 2005a). According to the Second Draft
Recovery Plan for Hawaiian Waterbirds (2005a), the key components of moorhen habitat are: 1)
dense stands of emergent vegetation near open water; 2) slightly emergent vegetation mats; and 3)
shallow, freshwater areas. No such habitat is present in the Kahuku Wind Power project area.
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Hawaiian moorhens will nest on open ground and wet meadows, as well as on banks of waterways and
in emergent vegetation over water (Bannor and Kiviat 2002). Typically, nesting areas have standing
water less than 24 in (60 cm) deep. Nesting occurs year-round with the majority of nesting activity
occurring from March through August (Bannor and Kiviat 2002, USFWS 2002). Timing of nesting by
the Hawaiian moorhen is dependent on water levels and growth of suitable emergent vegetation
(USFWS 2002).

Although the specific diet of the Hawaiian moorhen is not known, it is presumed the birds are
opportunistic feeders (USFWS 2005a). Moorhens are very closely related to coots, and it is presumed
that the diet of Hawaiian moorhens is generally similar to that described above for Hawaiian coot.

Current Threats to the Hawaiian Moorhen

As previously stated, coastal wetland loss and degradation as a result of commercial, residential, and
resort developments have been identified as a key threat to the Hawaiian moorhen (Evans et al. 1994,
USFWS 2005a). Feral cats, feral and domestic dogs, mongoose, and bullfrogs are known predators of
Hawaiian moorhen. Black-crowned night-herons and rats are possible predators (Byrd and
Zeillemaker 1981, Bannor and Kiviat 2002, USFWS 2005a). The Hawaiian moorhen is highly
susceptible to disturbance by humans and introduced predators (Bannor and Kiviat 2002). The
moorhen is considered to have a high potential for recovery with a moderate degree of threats
(USFWS 2005a).

Hawaiian moorhens are considered to be at low risk from wind farms because there have only been a
few published reports of the closely related common moorhen colliding with turbines in Europe
(Ireland, Percival 2003) and Netherlands (Hotker et. al 2006) and none in the United States. This is
despite the fact that common moorhens are frequently found around wind turbines located near
wetlands. However, one study in Spain lists the common moorhen at “some” collision risk with power
lines due to their flight performance and also records one instance of mortality due to collision (Janss
2000).

Occurrence of the Hawaiian Moorhen in the Project Area and Off-site Microwave Tower

No Hawaiian moorhens were detected during the year of avian point count surveys on the Kahuku
Wind Power project area or on adjacent wetlands, although the birds are known to occur regularly at
the Ki'i Unit of James Campbell NWR. This lack of detection is likely because moorhens rarely fly, but
typically remain within or close to dense vegetation. However, as colonization of Hawai'i by moorhens
does attest, members of the species are able to fly considerable distances when they so desire. Itis
very unlikely that Hawaiian moorhens regularly fly over the Kahuku Wind Power project area;
however, given their ability to fly and their regular occurrence at the nearby Ki'i Unit of James
Campbell NWR, it is possible that individual Hawaiian moorhens will very occasionally fly over the site,
especially the lower elevation eastern portion nearest the adjacent wetlands.

Due to the residential nature of the environment at the HECO Wailua substation microwave tower
(asphalt roads, traffic, close proximity to houses), no waterbirds are expected to utilize or fly over the
site. No habitat suitable for waterbirds occurs at the microwave tower site at Flying R Ranch as well,
which consists of non-native forest with no nearby water features. Thus no Hawaiian moorhen are
expected to be near the vicinity of either off-site microwave tower.

Hawaiian Short-eared Owl

Population, Biology, and Distribution of the Hawaiian Short-eared Owl

The Hawaiian short-eared owl is an endemic subspecies of the nearly cosmopolitan short-eared owl
(Asio flammeus). This is the only owl native to Hawai'i and it is found on all the main islands from sea
level to 8,000 ft (2,450 m). The Hawaiian short-eared owl is listed by the State of Hawai'i as
endangered only on the Island of O‘ahu.
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Unlike most owls, Hawaiian short-eared owls are active during the day (Mostello 1996, Mitchell et al.
2005), though nocturnal or crepuscular activity has also been documented (Mostello 1996). Hawaiian
short-eared owls are commonly seen hovering or soaring over open areas (Mitchell et al. 2005).

No surveys have been conducted to date to estimate the population size of Hawaiian short-eared owl.
The species was widespread at the end of the 19" century, but numbers are thought to be declining
(Mostello 1996, Mitchell et al. 2005).

Hawaiian short-eared owls occupy a variety of habitats, including wet and dry forests, but are most
common in open habitats such as grasslands, shrublands, and montane parklands, including urban
areas and those actively managed for conservation (Mitchell et al. 2005). Evidence indicates the owls
became established on Hawai'i in relatively recent history, with their population likely tied to the
introduction of Polynesian rats (Rattus exulans) to the islands by Polynesians.

Pellet analyses indicate that rodents, birds, and insects, respectively are their most common prey
items of Hawaiian short-eared owls (Snetsinger et al. 1994, Mostello 1996). Birds depredated by
Hawaiian short-eared owl have included passerines, seabirds, and shorebirds (Snetsinger et al. 1994,
Mostello 1996, Mounce 2008). The Hawaiian short-eared owl relies more heavily on birds and insects
than its continental relatives (Snetsinger et al. 1994), likely because of the low rodent diversity of the
Hawaiian Islands (Mostello 1996).

Hawaiian short-eared owls nest on the ground. Little is known about their breeding biology, but nests
have been found throughout the year. Females perform all incubating and brooding, while males feed
females and defend nests. The young may leave the nest on foot before they are able to fly and
depend on their parents for approximately two months (Mitchell et al. 2005).

Current Threats to the Hawaiian Short-eared Owl

Loss and degradation of habitat, predation by introduced mammals, and disease threaten the
Hawaiian short-eared owl. Hawaiian short-eared owls appear particularly sensitive to habitat loss and
fragmentation. Ground nesting birds are more susceptible to the increased predation pressure that is
typical within fragmented habitats and near rural developments (Wiggins et al. 2006). These nesting
habits make them increasingly vulnerable to predation by rats, cats, and the small Indian mongoose
(Mostello 1996, Mitchell et al. 2005).

Some mortality of Hawaiian short-eared owls on Kaua'i has been attributed to “sick owl syndrome,”
which may be caused by pesticide poisoning or food shortages. They may be vulnerable to the
ingestion of poisoned rodents. However, in the one study on mortality that has been conducted, no
evidence was found that organochlorine, organophosphorus, or carbamate pesticides caused mortality
in Hawaiian short-eared owls (Thierry and Hale 1996). Other causes of death on Maui, O‘ahu, and
Kaua'i have been attributed to trauma (apparently vehicular collisions), emaciation, and infectious
disease (pasteurellosis) (Thierry and Hale 1996). However, persistence of these owls in lowland, non-
native and rangeland habitats suggests that they may be less vulnerable to extirpation than other
native birds. This is likely because they may be resistant to avian malaria and avian pox (Mitchell et
al. 2005), and because they are opportunistic predators that feed on a wide range of small animals.

Little information is available on the impacts of wind facilities on owls. However, four fatalities of
short-eared owl (Asio flammeus flammeus) have been recorded at McBride Lake, Alberta, Canada,
Foote Creek Rim, Wyoming, Nine Canyon, Wyoming, and Altamont Wind Resource Area, California
(Kingsley and Whittam 2007). Hawaiian short-eared owls are present year-round and observed
regularly in the vicinity of the KWP facility on Maui, with no fatalities reported in approximately three
and a half years of operation. In the vicinity of turbines, most observations of Hawaiian short-eared
owl have been below the rotor swept zone of the turbines and thus their susceptibility to collision
appears to be low (G. Spencer/First Wind, pers. comm.). At Wolfe Island, Ontario, it was observed
that short-eared owls were most vulnerable to colliding with turbine blades when avoiding predators
and during aerial flight displays (Stantec Consulting Ltd. 2007). Short-eared owls on O‘ahu have no
aerial predators and thus may only be vulnerable to colliding with turbines during flight displays.

Occurrence of the Hawaiian Short-eared Owl in the Project Area and Off-site Microwave Tower
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Hawaiian short-eared owls were only detected once at the Kahuku Wind Power project area during the
15-month long avian point count surveys conducted by First Wind and SWCA. One Hawaiian short-
eared owl was heard on-site in July 2008 by personnel conducting the radar survey for seabirds.
Because these owls are active during daytime and crepuscular periods, it seems probable that they
would have been detected more frequently during the avian point counts if resident on-site.
Therefore, it seems that Hawaiian short-eared owl is most likely an irregular visitor to the Kahuku
Wind Power project area.

No Hawaiian short-eared owls were seen during the wildlife surveys at either microwave tower site.
Due to the residential nature of the environment at the HECO Wailua substation microwave tower
(asphalt roads, traffic, close proximity to houses), no Hawaiian short-eared owls are expected to
utilize this site. Hawaiian short-eared owls may occur at the Flying R Ranch microwave site due to
suitable agricultural and forest habitat in the vicinity.

Hawaiian Hoary Bat

Population, Biology, and Distribution of the Hawaiian Hoary Bat

The Hawaiian hoary bat is the only native land mammal present in the Hawaiian archipelago. Itis a
sub-species of the hoary bat (Lasiurus cinereus), which occurs across much of North and South
America. Both males and females have a wingspan of approximately 1 ft (0.3 m), although females
are typically larger-bodied than males (Mitchell et al. 2005).

The bat has been recorded on Kaua'i, O'ahu, Moloka'i, Maui, and Hawai'i, but no historical population
estimates or information exist for this sub-species. Population estimates for all islands in the state in
the recent past have ranged from hundreds to a few thousand bats (Menard 2001). However, based
on monitoring currently underway on the Island of Hawai'i, the population is estimated to possibly be
as high as 100,000 bats on the Island of Hawai'i alone (F. Bonaccorso/USGS, pers. comm.). The
Hawaiian hoary bat is believed to occur primarily below an elevation of 4,000 ft (1,220 m). This sub-
species has been recorded between sea level and approximately 9,050 ft (2,760 m) in elevation on
Maui, with most records occurring at or below approximately 2,060 ft (628 m) (USFWS 1998).

Hawaiian hoary bats roost in native and non-native vegetation from 3 to 29 ft (1 to 9 m) above
ground level. They have been observed roosting in a wide variety of tree species and in fern clumps.
The species has rarely been observed using lava tubes, cracks in rocks, or man-made structures for
roosting. While roosting during the day, Hawaiian hoary bat are solitary, although mothers and pups
roost together (USFWS 1998).

Preliminary study of a small sample of Hawaiian hoary bats (n=18) on the Island of Hawai'i have
estimated short-term (1-2 weeks) home range sizes of 104.8 £ 94.9 (SD) ac (42.4 £ 38.4 ha) with
core areas of approximately 13.3 £ 13.6 (SD) ac (5.4 £ 5.5 ha, USGS, unpublished data). The size of
home ranges and core areas varied widely between individuals. Core areas included feeding ranges
that were actively defended, especially by males, against conspecifics. For some individuals, core
areas included night roosts, but typically did not include day roosts. Roosting and feeding areas may
be disjunct as the average long-axis (maximum length of home range) was 2.7 £ 2.9 (SD) mi (4.4 *
4.6 km), with a maximum length of 11.1 mi (17.8 km), indicating that some individuals travelled long
distances between roosting and feeding areas.

It is suspected that breeding primarily occurs between April and August. Lactating females have been
documented from June to August, indicating that this is the period when non-volent young are most
likely to be present. Breeding has only been documented on the Islands of Hawai'i and Kaua'i
(Baldwin 1950, Kepler and Scott 1990, Menard 2001). It is not known whether bats observed on
other islands breed locally or only visit these islands during non-breeding periods. Seasonal changes
in the abundance of Hawaiian hoary bat at locations of different elevations indicate that altitudinal
migrations occur on the Island of Hawai'i. During the breeding period (April through August),
Hawaiian hoary bat occurrences increase in the lowlands and decrease at high elevation habitats.
Hawaiian hoary bat occurrences are especially low from June until August in high elevation areas. In
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the winter, especially during the post-lactation period in October, bat occurrences increase in high
elevation areas and in the central highlands, possibly receiving bats from the lowlands (Menard 2001).

Hawaiian hoary bat feed on a variety of native and non-native night-flying insects, including moths,
beetles, crickets, mosquitoes and termites (Whitaker and Tomich 1983). Prey is detected using
echolocation. Water courses and edges (e.g., coastlines and forest/pasture boundaries) appear to be
important foraging areas. The species is also attracted to insects that congregate near lights (USFWS
1998, Mitchell et al. 2005). They begin foraging either just before or after sunset depending on the
time of year (USFWS 1998, Mitchell et al. 2005).

Current Threats to the Hawaiian Hoary Bat

The availability of roosting sites is believed to be a major limitation in many bat species. Possible
threats to the Hawaiian hoary bat include pesticides (either directly or by impacting prey species),
predation, alteration of prey availability due to the introduction of non-native insects, and roost
disturbance (USFWS 1998). Management of the Hawaiian hoary bat is also limited by a lack of
information on key roosting and foraging areas, food habits, seasonal movements, and reliable
population estimates (USFWS 1998).

In their North American range, hoary bats are known to be more susceptible to collision with wind
turbines than most other bat species (Johnson et al. 2000, Erickson 2003, Johnson 2005). Most
mortality has been detected during the fall migration period. Hoary bats in Hawai'i do not migrate in
the traditional sense, although as indicated, some seasonal altitudinal movements occur. Currently, it
is not known if Hawaiian hoary bats are equally susceptible to turbine collisions during their altitudinal
migrations as hoary bats are during their migrations in the continental US. At the KWP facility on
Maui, one Hawaiian hoary bat fatality has been recorded after three and a half years of operation. This
incident occurred in late September at an elevation of approximately 2750 ft (838 m) above sea level
(SWCA and First Wind 2010).

Occurrence of the Hawaiian Hoary Bat in the Project Area and Off-site Microwave Towers

Three to five Anabat detectors were deployed in various locations on the Kahuku Wind Power project
area. Anabat detectors detect the presence of bats by recording ultrasonic sounds emitted by bats
during echolocation. These studies are presently still on-going. Anabat detectors that did not detect
bat calls after a month were moved to new locations to increase the area sampled at the project area.

Bat activity recorded by the Anabat detectors from April 2008 to April 2009 were at a rate of 0.0130
bat passes/detector/night or 0.016 bat call sequences/detector/night (see HCP). The year-long data
suggests that bat activity may increase from June to September and are lowest or absent from
December to February. The detection rates at Kahuku Wind Power are 40-fold lower than detection
rates recorded at Hakalau National Wildlife Refuge on the Island of Hawai'i, (0.660 passes/detector/
night; F. Bornaccorso, unpublished report). Bat activity at the Kahuku Wind Power project area was
similar to the post-construction bat activity recorded at the Kaheawa Wind Power project, which had
an activity rate of 0.014 bat call sequences/detector/night (Kaheawa Wind Power LLC 2009). One
observed fatality has been recorded at the KWP facility after 3.5 years of project operation (SWCA and
First Wind 2010).

The actual number of bats represented by the detections made by the Anabat detectors on the Kahuku
Wind Power site is not known. No bats were sighted at the Kahuku Wind Power project area during
the nocturnal point count surveys conducted from October 2007 through December 2008. Day and
Cooper (2008) visually observed one Hawaiian hoary bat on-site incidental to the seabird radar survey
in July of 2008. Given these results, it is presumed that a very small number of Hawaiian hoary bats
forage over the Kahuku Wind Power project area on a somewhat regular, though possibly seasonal,
basis.

No surveys for Hawaiian hoary bats were conducted at either microwave tower site. As bats may

forage in a wide variety of habitats, and may congregate near lights, bats may occur at either the
HECO Waialua substation microwave tower site (rural) or the Flying R Ranch site (agricultural).
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POTENTIAL IMPACTS OF THE PROPOSED ACTION

This appendix provides a summary of expected direct and indirect impacts. Much more extensive
information concerning potential effects of the project on listed wildlife is contained in the Kahuku
Wind Power State HCP (SWCA and First Wind 2010).

Construction and operation of Kahuku Wind Power would create the potential for federally and state-
listed bird and bat species to collide with wind turbines, temporary and permanent met towers,
overhead collection lines, relocated distribution lines, and cranes used for construction of the turbines.
No listed species are considered to have potential to collide with either proposed off-site microwave
tower. The potential for each listed species to collide with on-site project components was identified
based on the results of the on-site surveys and the proposed project design. Fatality estimate models
were developed that incorporated rates of species occurrence, observed flight heights, encounter rates
with turbines and met towers, and considered ability of birds to avoid project components. Ability of
birds to avoid turbines was then varied in the models to create a range of probabilities of mortality for
each species on an annual basis. Range of expected mortality coincides with the amount of “direct
take” expected from construction and operation of the Kahuku Wind Project.

In addition to “direct take,” mortality of listed species resulting from collisions with project
components can also result in “indirect take.” For example, it is possible that adult birds killed
through on-site collisions could have been tending to eggs, nestlings, or dependent fledglings, or adult
bats could have been tending to dependent juveniles. The loss of these adults would then also lead to
the loss of the eggs or dependent young. Loss of eggs or young would be “indirect take” attributable
to the proposed project. Methods for determining indirect take are described in detail in the HCP.

The terms and equations discussed are presented below:

Total Direct Take = Observed Take + Unobserved Take
Adjusted Take = Total Direct Take + Indirect Take

“Total Direct Take” will be calculated based on an estimator approved by USFWS and DLNR such as
the one proposed in Huso (2008), presented below:

m;; estimated mortality

ri  estimated proportion of carcasses remaining after scavenging
e; effective search interval

pi estimated searcher efficiency

ci Observed take

No direct or indirect take of listed species is expected to result from on-site habitat disturbances. The
only listed species with potential to occur regularly “on the ground” in the project area are Hawaiian
hoary bat, which have shown very low but regular activity rates on site and could theoretically roost in
trees on the property, and Hawaiian short-eared owl, which may roost in low vegetation or nest on the
ground within the property. Hawaiian hoary bats breed at low elevations, so it is possible dependent
juvenile bats occur in the project area during the months of June to August. Likewise, the project
area possibly does contain suitable nesting habitat for Hawaiian short-eared owl, though the
occurrence of regular breeding on site is considered highly unlikely because of only one visual
observation of a Hawaiian short-eared owl! during the year-long avian surveys. Vegetation clearing for
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the project will be performed during times of year when Hawaiian hoary bats are not expected to be
breeding in order to avoid potential for harm to non-volent juvenile bats. As Hawaiian short-eared
owls breed year round, it is not possible to time clearing activities to avoid potential for conflict with
nesting by this species. Vegetation clearing will be suspended within 300 ft (91 m) of any area where
distraction displays, vocalizations, or other indications of nesting by adult Hawaiian short-eared owl
are seen or heard, and resumed when it is apparent that the young have fledged or other confirmation
that nesting is no longer occurring.

For most of the Covered Species, expected rates of take are expected to average less than one
individual per year. DOFAW-DLNR requires that applications for ITLs request take authorizations in
terms of whole numbers of individuals. Consequently, the HCP also identifies the whole number of
individuals for which take authorization is being sought by Kahuku Wind Power LLC. However, those
numbers reflect requested level of take authorization rather than the expected rate at which mortality
would occur (i.e., the actual impact of the Proposed Action). A summary of the estimated and
requested take of the Covered Species is provided in Table 2.

The whole number of individuals for which take authorization is being sought by Kahuku Wind Power
LLC is referred to in the HCP and herein as the Baseline level of take. Take exceeding the Baseline
level is referred to in the HCP as a Higher level of take, while take occurring at a rate below Baseline is
referred to as a Lower rate.

Table 2. Summary of estimated and requested authorized take of Covered Species at the
Kahuku Wind Power facility.

Expected Rate of Take Requested ITL Authorization
Covered Species 20-Yr 20-Yr
Annual Project Life Annual Project Life

Hawaiian petrel 0.17 ad_ults 4 ad}.llts 2 ad}.llts 4 ad.ults

0.17 chicks 4 chicks 2 chicks 4 chicks
Newell's 0.34 adults 7 adults 2 adults 8 adults
shearwater 0.16 chicks 4 chicks 1 chick 4 chick
Hawaiian duck 0.026 adult; 1 adult_ 2 adult; 8 adult§

0.031 ducklings 1 duckling 2 ducklings 8 ducklings
Hawaiian stilt 0.026 adu.Its 1 ad.ult 2 ad}.llts 8 ad.ults

0.0012 chicks 1 chick 1 chicks 4 chicks
Hawaiian coot 0.026 adylts 1 ad.ult 2 adylts 8 ad_ults

0.012 chicks 1 chick 1 chicks 4 chicks
Hawaiian moorhen 0.026 ad_ults 1 ad_ult 2 ad_ults 8 ad_ults

0.017 chicks 1 chick 2 chicks 6 chicks
Hawaiian short- 0.33 adults 7 adults 2 adults 8 adults
eared owl 0.31 owlets 7 owlets 2 owlets 8 owlets
Hawaiian hoary 0.19 adults 4 adults 5 adults 12 adults
bat 0.34 juveniles 7 juveniles 3 juveniles 9 juveniles

Mitigation Measures

Mitigation measures proposed by Kahuku Wind Power LLC to compensate for the expected impacts of
the project were selected in collaboration with biologists from USFWS, DLNR-DOFAW, First Wind, and
SWCA, and with members of the ESRC. The mitigation proposed to compensate for impacts to these
species is based on anticipated levels of incidental take as determined through on-site surveys,
modeling, and the results of post-construction monitoring conducted at other wind projects in Hawai'i
and elsewhere in the United States. Mitigation takes into account the expected annual rate of direct
and indirect take. Mitigation measures proposed by Kahuku Wind Power LLC to compensate for
potential impacts to Covered Species are included in the various sections below. A summary of
mitigation efforts proposed by Kahuku Wind Power for the Covered Species is provided in Table 3. A
more detailed description of the criteria used for determining appropriate mitigation measures is
outlined in the State HCP (SWCA 2009).
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Table 3. Proposed mitigation for the Covered Species: Lower, Baseline and Higher Take

Scenarios.
Species Proposed Mitigation by Measured Take Level

Lower Baseline Higher
Mitigation for Newell's Increased mitigation
shearwater and Hawaiian efforts at the same site or

. Same as petrel at Makamaka'ole or additional mitigation
Seabirds . . ] .

Baseline other suitable seabird nesting measures at one or more
sites on Maui or Kaua'i or additional sites on Maui or
elsewhere Kaua'i or elsewhere
Predator control and Additional mitigation
vegetation maintenance at

efforts at Hamakua Marsh
. Same as Hamakua Marsh for 3 to 5
Waterbirds . . L or predator control and
Baseline years; subsequent mitigation L .
. monitoring at additional
efforts to meet baseline
- wetlands
requested take as required
Upfront contribution of Additional funding of
Hawaiian $25,000 for research and $15,000 for research and
Same as rehabilitation and $25,000 up rehabilitation and $15,000
short- . . .
cared owl Baseline to a maximum of $50,000 for up to a maximum of
management as it becomes $30,000 to implement
available management strategies
Low-wind speed
.. . curtailment and additional
Hawaiian Same as Up to a maximum of $150,000 .
hoary bat Baseline for management of bat habitat funding of $15,000 up to a
maximum of $75,000 for
management

In addition to species-specific measures, general wildlife-related measures have also been proposed
by Kahuku Wind Power LLC. A wildlife education and observation program will be conducted for all
regular on-site staff. The program will be long-term, on-going, and updated as necessary. Staff will
be trained to identify listed and non-listed native species of birds that may be found on-site, to record
observations of species protected by the ESA and/or MBTA, and to take appropriate steps when and if
downed wildlife is found. As part of their safety training, temporary employees, contractors, and any
others that may drive project roads will be educated as to project road speed limits (10 mph), the
possibility of downed wildlife being present on roads, and the possibility of Hawaiian short-eared owls
flying across roads. These types of personnel will be instructed to contact the Site Safety Officer
immediately if they detect any downed wildlife on-site.

The protocol for the recovery, handling, and reporting of downed wildlife will follow that developed for
KWP on Maui (Kaheawa Wind Power LLC 2006). This protocol was developed in cooperation with
DLNR and USFWS. All regular on-site staff will be trained in the protocol which will include
documenting all observed mortality or injury to wildlife (including MBTA-protected birds not otherwise
covered by the Kahuku Wind Power HCP). USFWS and DLNR will be notified promptly upon discovery
of an injured or dead federally listed species. Any federally listed species found dead or injured in the
project area will be left as found for collection by USFWS personnel, but will be photo-documented and
guarded against scavenging. Injured listed species will be photographed from a discrete distance and
monitored. Collections will be made only by staff personnel permitted by USFWS and DLNR to handle
and salvage wildlife (see HCP for more detail).

Seabirds (Newell’s Shearwater and Hawaiian Petrels)

Seabird mortality due to collisions with human-made objects, such as power lines, has been
documented in Hawai'i on the Islands of Maui (Hodges 1994) and Kaua'i (Telfer et al. 1987, Cooper
and Day 1998, Podolsky et al. 1998). At the KWP facility on Maui, only a single seabird mortality (an
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adult Hawaiian petrel) has been documented since operations began in June 2006 (Kaheawa Wind
Power, LLC 2008). Modeling of expected impacts to Newell’'s shearwater and Hawaiian petrel as
identified below was performed by Day and Cooper (2008). Mitigation measures proposed to
compensate for impacts to Newell’'s shearwater and Hawaiian petrel are identified following the impact
assessment for Hawaiian petrel.

Newell's Shearwater

Impacts from Turbines and Met Towers

Day and Cooper (2008) estimated that direct take of Newell’s shearwater at Kahuku Wind Power
would range from approximately 0.00374 and 0.05643 shearwaters/turbine/year (based on 90-99%
avoidance rates). This equates to an average annual fatality rate ranging between 0.04488 and
0.67716 shearwaters per year for all 12 turbines. The annual fatality rate due to collisions with met
towers was expected to range between 0.001622 and 0.01622 shearwaters/tower (Day and Cooper
2008). Accordingly, the total estimated average fatality rate for the 12 turbines and one permanent
met tower is projected to range between approximately 0.0465 - 0.6934 shearwaters/year. Observed
fatality rates at existing projects suggest that petrels and shearwaters actually exhibit an avoidance
rate approximating 95% or greater with respect to wind turbines and other tall objects in their
airspace. The estimated average fatality rate at a 95% avoidance level for all 12 turbines and one
met tower equates to approximately 0.34 shearwaters/year.

Impacts from Other Project Components

In addition to collisions with turbines and met towers, some limited potential exists for shearwaters to
collide with cranes during the construction phase of the project. Cranes used during construction are
typically comparable in height to the turbine towers (Kaheawa Wind Power, LLC 2006). However, the
construction phase is expected to last less than six months, with cranes on-site for only three to four
months. Given the brevity of the construction period and the low occurrence rate of the species,
potential for Newell’s shearwaters to collide with construction cranes is considered to be negligible.

Potential for shearwaters to collide with the on-site and off-site microwave towers, overhead collection
lines, relocated distribution lines, and utility poles also exists. All these structures are 60 ft tall or
less. Studies have shown that only 1% of Newell’s shearwaters (n = 688 birds; B. Cooper, pers.
comm.) fly below 60 ft and of these individuals, the estimated collision avoidance rate is 97% (Day et
al., In prep). Given that the seabird traffic rate on O'ahu is extremely low, the likelihood of a seabird
flying at such low altitudes and colliding with the microwave towers, overhead collection lines,
relocated distribution lines and utility poles related to the project is considered to be remote.

To our knowledge, no seabird mortality (or mortality of any other listed species) has been recorded at
the existing Crown Castle tower near Flying R Ranch or at the Waialua Substation site, although we
also are not aware that any systematic mortality monitoring has been conducted at these locations.
Because the proposed Waialua Substation and Flying R Ranch towers would be located in areas with
structures similar in height to the proposed microwave towers (utility poles, street pole, etc.) and
associated overhead cables, the towers are not expected to create a significant collision hazard to any
Covered Species if they should happen to transit the tower location.

Therefore, none of these structures were identified as a potential source of take of Newell's
shearwater in the mortality modeling performed for the species and, thus, the amount of take
requested to be authorized through the ITL is based solely on mortality expected to occur as a result
of construction and operation of the WTGs and met towers.

However, if in the unlikely event a seabird mortality is found in the future and that mortality can be
attributed to the on-site construction cranes, Kahuku Wind Power on-site or off-site microwave
towers, associated overhead cables or utility poles Kahuku Wind Power LLC will mitigate for that loss
at a level commensurate with any take recorded on-site. After commissioning, the lease for both
offsite microwave tower sites may be turned over from Kahuku Wind Power LLC to HECO. If so, any
take responsibility associated with potential take at the off-site tower may be transferred as well. The
transfer of responsibility would be determined in consultation with DLNR and USFWS).
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Impacts from Project Related Activities

Some potential also exists for construction or maintenance vehicles to strike downed shearwaters
(birds already injured by collision with turbines or towers) while traveling project roads. Project
personnel will be trained to watch for downed shearwaters and other wildlife and speed limits (10
mph) will be emplaced and enforced to minimize potential for vehicular strikes to result in death of
birds that otherwise might have been able to be rehabilitated. Despite this, it is assumed that day-to-
day maintenance of the wind facility may very occasionally result in the fatality of a shearwater. This
source of mortality does not result in an increase in the amount of direct take expected from the
proposed project because these birds are accounted for in the mortality modeling.

Therefore, it is projected that take of Newell’s shearwater as a result of collision with project-related
components and vehicle strikes will occur at the average rate of 0.34 shearwaters/year.

Indirect Take and Take Limits

Adult birds are most likely to collide with turbines and associated structures while commuting between
nesting and feeding grounds during incubation or chick feeding periods. This is generally the period of
June through October. Potential also exists for shearwaters to collide with turbines in April, when
scouting for nesting sites takes place. Newell’s shearwaters are not expected to be flying across the
project area at other times of year. Based on the above, an indirect take assessment would be
applied to any adult shearwaters found directly taken during the period of 1 June through 31 October.
Indirect take would not be assessed to adult shearwaters found at other times of year or applied to
immature shearwaters. Little information is available for Newell’s shearwaters on nestling growth
rates and development or adult visitation rates. Therefore, it is assumed that care by both parents is
necessary throughout the breeding season for a chick to fledge successfully. Indirect take would be
applied at the rate of 0.46 chicks per adult. The calculation used to reach this number is presented in
Table 4 below (life history data presented can be found in the HCP).

Table 4. Calculation of indirect take for Newell’s shearwater.

0 Average no. of Likelihood of Parental .
Newell's hick . breedi ibuti Indirect take
shearwater Season chicks per pair reeding contribution (A*B*C)
(A) (B) (©
Adult Jun-Oct 1 0.46 1.0 0.46
Adult Nov - May -- 0.00 -- 0.00
Immature All year -- 0.00 -- 0.00

Actual expected rates of take and rates of take requested to be authorized by the Baseline ITL through
the expected 20-year life of the project are summarized below. Also identified below are rates of take
proposed to qualify as “Lower,” and “Higher” for purposes of identifying when it would be appropriate
or necessary to consider adaptive management practices.

Expected Rate of Take
Annual average 0.34 adults/immatures and 0.16 chicks 0.50 birds/year
20-year project life 7 adults/immatures and 4 chicks

Requested ITL Authorization

Baseline annual level of take 2 adults/immatures and 1 chick 3 birds/year
5-year limit of take 6 adults/immatures and 3 chicks
20-year limit 8 adults/immatures and 4 chicks

Higher Rate of Take
One-year period Total direct take of 3 - 4 adults/immatures and 1 - 2 chicks
5-year period Total direct take of 7 — 8 adults/immatures and 3 - 4 chicks
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20-year limit Total direct take of 9 - 12 adults/immatures and 4 - 6 chicks

Lower Rate of Take
5-year period Total direct take of 0 adults/immatures and 0 chicks

The most recent population estimate of Newell’s shearwater was approximately 84,000 birds, with a
possible range of 57,000 to 115,000 birds (Ainley et al. 1997). However, radar studies and population
modeling have indicated that the population of Newell’s shearwater is likely on a decline especially on
Kaua'i (Ainley et al. 2001, Day et al. 2003). Declines in Newell’s shearwater populations are
attributed to loss of nesting habitat, predation by introduced mammals (mongoose, feral cats, rats,
and feral pigs) at nesting sites, and fallout of juvenile birds associated with disorientation from urban
lighting (Ainley et al. 1997, Mitchell et al. 2005, Hays and Conant 2007).

The expected loss of an average of 0.5 shearwater per year (0.34 adult shearwater and 0.16 chicks) is
approximately 0.0005% to 0.001% of the estimated Newell’s shearwater population. Given these
very low percentages, it is considered extremely unlikely that take caused by the proposed project
would result in significant adverse effects to Newell’s shearwater at the population level.

However, rates of take at the Higher level may present a greater risk for the subset of the population
that breeds on O'ahu, which is poorly known but presumed small. Higher rates of take are expected
to occur only in the unlikely event that less than 90 percent of the shearwaters passing over the site
fail to detect and avoid the turbines and met towers (Day and Cooper 2008).

Predation by introduced mammals and downing due to urban lighting are considered the primary
threats to the recovery of Newell’s shearwater. Proposed mitigation measures are expected to more
than offset the anticipated take and contribute to the species’ recovery by providing a net
conservation benefit, as required by State law. For this reason, no significant adverse impacts to the
species’ overall population are anticipated.

Hawaiian Petrel

No birds believed to be Hawaiian petrels were recorded flying over the site during the radar studies,
and their documented numbers on O'ahu are very low. Because no Hawaiian petrels were identified
flying over the site, mortality modeling for this species would identify an expected rate of take of zero.
Given the results of the radar studies and the very low humber of petrels believed to occur on O‘ahu,
it does seem that the risk of the proposed project causing take of this species is very low, but not
zero. Therefore, it is assumed that the average annual direct take of adult Hawaiian petrel will be half
that of Newell’s shearwater (0.34 shearwaters/year), or 0.17 petrels/year. This estimate includes
potential fatality caused by turbines, met towers, on-site and off-site microwave towers, overhead
cables, utility poles, and other associated structures, as well as mortality due to construction related
fatalities and vehicular strikes.

After commissioning, the lease for both off-site microwave tower sites may be turned over from
Kahuku Wind Power LLC to HECO. If so, any take responsibility associated with potential take at the
off-site tower may be transferred as well. The transfer of responsibility would be determined in
consultation with DLNR and USFWS.

As with Newell’s shearwater, adult petrels have the potential to collide with turbines and associated
structures while commuting between nesting and feeding grounds during the pre-laying period (late
February to April) and incubation or chick-feeding periods (May through October). Indirect take
accounting for possible loss of eggs or chicks would be assessed to any direct take of Hawaiian petrels
occurring during the breeding period of May through October, but would not be assessed if direct take
of this species occurs during the pre-laying period or at other times of year. The risk of collision
outside the pre-laying period or breeding season is considered minimal as these birds do not return to
land during that time.

Potential for survival of a chick following a collision by one of its parents appears dependent upon the

time at which the parent is lost. Both parents alternate incubating the egg (May-June), allowing one
or the other to leave the colony to feed. Therefore, it is believed that both parents are essential for
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the successful hatching of the egg (Simons 1985). Both parents also contribute to the feeding of
chicks. Chicks are fed 95% of all food they will receive from their parents within 90 days of hatching
(Simons 1985). Because hatching generally occurs in late June, chicks should have received 95% of
their food by the end of September. After this time, it is likely that many chicks could fledge
successfully without further parental care as some chicks have been recorded as having been
abandoned by their parents up to three weeks prior to fledging (Simons 1985). Consequently, it is
considered probable that after September many chicks would be capable of fledging if subsequent care
was provided by only one parent. Based on this, for assessing indirect take, it will be considered that
both parents are essential to the survival of a Hawaiian petrel chick through September, but that a
chick has a 50% chance of fledging successfully if adult take occurs in October.

Not all adult Hawaiian petrels visiting a nesting colony breed every year. Simons (1985) found that
11% of breeding-age females at nesting colonies were not breeding. Most non-breeding birds and
failed breeders leave the colony for the season by mid-August (Simons 1985). Therefore, it appears
there would be an 89% chance that an adult petrel taken from May through August was actually
breeding, but nearly a 100% chance that birds taken in September or October would be tending to
young. Based on the above life history parameters and information identified in Table 5 below,
indirect take would be assessed at the rate of 0.89 chick per adult taken between May and August,
1.00 chick per adult taken in September, and 0.50 chick per adult taken in October (life history data
presented can also be found in the HCP).

Table 5. Calculation of indirect take for Hawaiian petrel.

Hawaiian petrel Season 'co:‘r\llgl—(asgser;op;aci)rf LilEnees oF cozatrt?bnlfglcm UTEEEE Tl
breeding (B) (A*B*C)
(A) (©
Adult May-Aug 1 0.89 1.0 0.89
Adult Sept 1 1.00 1.0 1.00
Adult Oct 1 1.00 0.5 0.50
Adult Nov - Apr - 0.00 - 0.00
Immature All year -- 0.00 -- 0.00

Based on estimated rates of direct and indirect take, annual take of this species resulting from project
operations is expected to average well less than one bird per year (0.17 adult/year + (maximum 1
chick/year x 0.17) = 0.34 bird/year). Birds taken through assessment of “unobserved direct take” will
be assumed to have been adults lost during the breeding season.

The total direct take of two adults per year could result in an indirect take assessment of a maximum
of two chicks. Consequently, the Applicant suggests the Baseline ITL should allow for a total direct
take of two Hawaiian petrels and the indirect take of two chicks per year of project operation.
Expected rates of take and rates of take requested to be authorized by the ITL through the expected
20-year life of the project are summarized below, along with rates of take considered to qualify as
“Lower” and “Higher.”

Expected Rate of Take
Annual average 0.17 adults/immatures and 0.17 chicks 0.34 birds/year
20-year project life 4 adults/immatures and 4 chicks

Requested ITL Authorization

Baseline annual level of take 2 adults/immatures and 2 chicks 4 birds/year
5-year limit of take 4 adults/immatures and 4 chicks
20-year limit 4 adults/immatures and 4 chicks

Higher Rate of Take
One-year period Total direct take of 3 - 4 adults/immatures and 3 - 4 chicks
5-year period Total direct take of 5 - 6 adults/immatures and 5 - 6 chicks
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20-year limit Total direct take of 5 - 6 adults/immatures and 5 - 6 chicks

Lower Rate of Take
5-year period Total direct take of 0 adults/immatures and 0 chicks

The current population of Hawaiian petrel is estimated to be approximately 20,000 birds, with 4,000
to 5,000 breeding pairs (Mitchell et al. 2005). The average rate of take of Hawaiian petrel is expected
to be no more than 0.34 petrel/year (0.17 adult and 0.17 chick). This represents less than 0.009% of
the estimated Hawaiian petrel breeding population and less than 0.002% of the estimated total
population. Given these very low percentages, it is considered extremely unlikely that take of
Hawaiian petrel caused by the proposed project would result in significant adverse effects to Hawaiian
petrel at the population level.

Rates of take at the Higher level may present a greater risk for the subset of the population that
breeds on O'ahu, which is poorly known but presumed small if present at all. However, higher take
levels are considered very unlikely to occur since this species was not believed to have been recorded
flying over the project area during the radar survey (Day and Cooper 2008). Thus, significant adverse
effects to O'ahu populations of Hawaiian petrel are not expected.

Predation by introduced mammals and downing due to urban lighting are considered the primary
threats to recovery of Hawaiian petrel. Proposed mitigation measures are expected to more than
offset the anticipated take and contribute to the species’ recovery by providing a net conservation
benefit, as required by State law. For this reason, no significant adverse impacts to the species’
overall populations are anticipated.

Seabird Mitigation

Radar studies documented passage of very few targets resembling Newell’s shearwaters and no
definitive Hawaiian petrels over the project area and because of this, the level of take of Newell’s
shearwater and Hawaiian petrel on-site is anticipated to be very low. As Newell’s shearwaters are
suspected to breed on O'ahu only in small humbers, and nesting pairs are likely to be widely scattered
(IUCN Red List 2009, G. Spencer/FirstWind, pers. comm.), finding a seabird colony on O'ahu where
implementing mitigation measures is practicable and cost effective is not expected. Therefore, with
the concurrence of ESRC, USFWS, and DLNR, mitigation for the possible take of seabirds for the
Kahuku Wind Power project will be implemented at known Hawaiian petrel and Newell’s shearwater
breeding colonies on Maui, Kaua'i or elsewhere to provide a net benefit and maximize contributions to
the recovery goals of the two species.

Mitigation for seabirds takes into account the expected annual rate of direct and indirect take.
Replacement for take of adults or juveniles will include replacement by either increased adult survival
or increased fledging success. If increases in adult survival rates at the nesting sites can be
demonstrated, then it may be possible to replace a taken adult directly with another adult. However,
when replacement is provided by fledglings, the rate of survival to adulthood will be taken into
account to ensure that a sufficient number of fledglings reach adulthood to replace those adults
incidentally taken.

In addition, because Hawaiian petrels and Newell’s shearwaters mature at age 5 and 6 years,
respectively, mitigation also takes into account the loss of offspring that may have been produced by
taken adults during the time that it takes for replacement fledglings to reach sexual maturity.
Juvenile survival rates to adulthood are assumed to be 30% for the Hawaiian petrel (Simons and
Hodges 1998) and 24% for Newell’s shearwater (Ainley et al. 2001). The loss of productivity is
calculated based on the percentage of the adult population breeding per year, yearly adult
survivorship, and the reproductive success of a pair or individual (see HCP). At the suggestion of
USFWS, it is assumed that it could require up to two years for a bird that has lost its mate to a
collision event to find a new mate and begin reproducing again. Therefore, in calculating lost
productivity, for each of the first two years following an incidental take, lost reproductive success is
assumed to be the average annual productivity of a pair. In subsequent years, lost productivity is
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assumed to be half that rate (i.e. the lost production attributable to the taken individual as its former
mate by then will be assumed to again be breeding with a new mate).

Table 6 below lists the yearly number of fledglings required to be produced to offset the Baseline level
of take anticipated at Kahuku Wind Power assuming same-year replacements for the direct take of
adults and indirect take of fledglings. If an increase in adult survival is demonstrated, then a one-for-
one replacement for adults is also possible.

Table 6. Baseline Mitigation Required for Hawaiian Petrel and Newell’s Shearwater.

Average annual fledgling

Species Baseline take level . .
production requirement
20-year take Adults 4
limit Fledglings 4
Annual Adults 0.2 0.67 (=0.2/ 0.30%)
average Fledglings 0.2 0.2
Hawaiian Total fledglings 0.87
petrel 0.23 (=0.2 x 0.89°x 0.93°x 0.7¢

Total loss of productivity (years 1 and 2) x 2)

0.12 (=0.2 x 0.89°x 0.93°x

Total loss of productivity (years 3 and 4) (0.79/2) x 2)

Total fledglings required per year 1.22
20-year take Adults 8
limit Fledglings 4
Annual Adults 0.4 1.67 (=0.4 / 0.24%)
average Fledglings 0.2 0.20
Newell's Total fledglings 1.87
shearwater 0.23 (=0.40 x 0.46° x 0.90x

Total loss of productivity (years 1 and 2) 0.7%x 2)

0.17 (=0.40 x 0.46° x 0.90° x
(0.79/2) x 3)
Total fledglings required per year 2.27

Total loss of productivity (years 3 - 5)

@ fledgling survival to adulthood

® percentage of the adult population breeding per year
¢ yearly adult survivorship

4 reproductive success of a pair

Baseline Mitigation for Shearwater and Petrel

It is proposed that Baseline mitigation for both seabird species will consist of predator trapping or
habitat and colony enhancement at a seabird colony on Maui, Kaua'i or elsewhere. Downed Newell’s
shearwaters may also be rehabilitated as part of a mitigation alternative. Currently, the preferred
mitigation site is situated on West Maui at Makamaka'ole. Mitigation efforts at this seabird colony are
already on-going and currently consist of trapping of cats and mongoose by KWP (Kaheawa Wind
Power LLC, 2009). As described below, several alternatives have been developed for Kahuku Wind
Power to complement the management activities occurring at this seabird colony.

Alternative 1 for Baseline Mitigation

Discussions with ESRC, USFWS, and DOFAW have led to a recommendation that Kahuku Wind Power,
KWP, and KWP II? pool resources and implement a comprehensive plan for seabird colony

2 Kaheawa Wind Power (KWP) II, a Maui wind power generation project, is seeking a section 10(a)(1)(B) permit
from the USFWS to authorize the incidental take of Hawaiian petrel and Newell’s shearwater, among other species.
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management at Makamaka'ole. Collectively, KWP, KWP II, and Kahuku Wind Power would pool
funding to implement a fencing and predator trapping (and if needed a social attraction) project. The
area to be fenced shall have the potential to encompass the target number of burrows to meet the
Baseline mitigation requirements for all three projects. The cat-proof fence will be approximately 1.6 -
2 miles (2.6 - 3.2 km) long, the actual length and location of the fence and the size of the enclosed
area will be determined in concurrence with USFWS and DLNR. Ideally the identified area will have
enough naturally occurring burrows to meet the Baseline mitigation requirements. The Applicant will
coordinate closely with USFWS and DLNR to conduct site feasibility assessment within the first year of
permit issuance. Kaheawa Wind Power will also revise the existing Makamaka'ole Mitigation Plan and
submit the plan as part of the feasibility analysis. The fencing and subsequent predator control will
only be implemented if the results of the feasibility assessment are indicative of a high probability of
being able to meet the net conservation benefit requirement for all three projects via the specified
measures. A decision will be made by September 1, 2010 whether to fence the specified area.

If a decision is made to construct the fence, all applicable permits will be obtained and the fence will
be constructed within the first year of project operation, as practicable. Fencing will only be
conducted during the non-breeding season of the two Covered seabird species. Following the erection
of the fence, cats and mongoose will be eradicated within the area, and rat populations will be
controlled. Cat, rat, and mongoose activity will be monitored within the fenced area using track pads
and other suitable methods. Monitoring will also be conducted to document the effects of reduced
predation on seabird survival and productivity within the enclosure.

If insufficient naturally occurring burrows are found within the fenced area, the Applicant will consult
with USFWS and DLNR to determine the next most appropriate action. One alternative is to
implement social attraction techniques for both Covered seabird species within the fenced area to
increase the number of active burrows. Social attraction will consist of broadcasting vocalizations of
nesting Hawaiian petrels and/or Newell’s shearwaters (whichever is needed) during the prospecting
and breeding season to encourage nesting within the area. Artificial burrows would be installed to
increase available nesting habitat. Natural and artificial burrows would be monitored to document the
success of the social attraction study.

If the fencing and social attraction study is deemed successful by USFWS and DLNR, the fence will be
maintained throughout the life of the three projects and monitoring in the enclosure for cats and
mongoose will continue and these species will be re-eradicated if they are found to have breached the
fence. If the social attraction and fencing study is deemed to be unsuccessful, mitigation efforts up to
that point will be sufficient to meet the Baseline requested take of all three projects (see HCP).

The actual measures implemented at Makamaka'ole will be determined in concurrence with DLNR,
USFWS, Kahuku Wind Power, KWP, and KWP II. Input will be sought from the Seabird Recovery
Group for the State of Hawai'i. However, if mitigation efforts at another seabird colony are identified
as a greater need or having a greater potential benefit, priority will be given to other colonies on East
Maui, West Maui or Kaua'i or in other areas as determined by DLNR and USFWS.

Alternative 2 for Baseline Mitigation

One possible mitigation alternative that has emerged for Hawaiian petrels through discussion with the
National Park Service at Haleakala National Park is the opportunity to participate in the management
of the Hawaiian petrel colony breeding in the crater of Haleakala. This alternative also has the
potential to be a combined effort of Kahuku Wind Power with KWP I and KWP II, however it is
presented here as an alternative for Kahuku Wind Power. This site has the largest known breeding
colony of Hawaiian petrels (USFWS 2005, Hodges and Nagata 2001) with over 1,000 known nests in
and around Haleakala Crater. The National Park Service has indicated that an approximately 220 ac
(89 ha) area with approximately 100 burrows are protected from habitat damage by feral goats and
pigs, but are not protected from predators. The National Park Service does not have funds to conduct
the needed predator control in this area and does not anticipate receiving funds in the near future (K.
Bailey/NPS, pers. comm., Figure 7). If Kahuku Wind Power participates in the management effort,
Kahuku Wind Power will contract the labor and purchase equipment (e.g., traps and bait) required to
conduct predator trapping in this area (or a section thereof, depending on mitigation requirement),
and to conduct monitoring to document success. Trapping and monitoring protocols used will closely

24



follow the protocols that have already been established by the National Park Service for managing the
rest of the colony (Hodges and Nagata 2001). This effort would run for an initial period of five years.
If after the initial five years of predator trapping, mitigation is still not at least one fledgling above
Baseline requested take, mitigation will continue until that is achieved (see HCP). The limits of the
area to be treated, need for additional years of treatment and other details of the mitigation efforts
will be decided with concurrence of the National Park Service, DLNR and USFWS. If this alternative
were to become a combined effort of all three wind projects then the size of the area and number of
years of effort would be determined in concurrence with DLNR and USFWS.

For Newell’s shearwater, Kahuku Wind Power proposes to provide support for colony-based protection
and productivity enhancement on Kaua'i. This may involve supplementing an island-wide HCP
developed for the island of Kauai in proportion to the authorized take and any loss of productivity that
may occur in the interim. If the island-wide HCP does not come into fruition within 3 years, then
colony-based mitigation will be implemented, either by Kahuku Wind Power alone or as part of a
cooperative effort with another entity. Several known colonies on Kaua'i presently receive little or no
management attention, and it is considered highly probable that other colonies remain to be
discovered. The site chosen by Kahuku Wind Power for colony-based mitigation would be selected
with the concurrence of the DLNR and USFWS. Kahuku Wind Power would either support an existing
conservation need at a known colony or direct mitigation at a newly discovered colony where no
management presently exists. The success of the mitigation efforts of Kahuku Wind Power will be
measured using the method that is currently implemented at that site at the time. If the chosen
mitigation site was previously unmanaged, the same measures of success used to estimate success at
managed sites will be applied as appropriate. Funding has been provided in the budget to allow for
the maximum cost scenario, i.e., providing mitigation for petrels at Haleakala National Park, and
colony protection and management for Newell’s shearwaters on Kaua'i.

Mitigation for Higher Rates of Take of Petrel and Shearwater

Results of post-construction monitoring will be evaluated to determine whether rates of seabird take
are exceeding Baseline levels (see HCP for a detailed explanation).

If take levels are found to be occurring at Higher rates, Kahuku Wind Power will increase the amount
of funding provided for fencing and predator control efforts or other mitigation measures. Additional
funding could be used to increase mitigation efforts at the chosen site or implement mitigation
measures at additional sites on Maui, Kaua'i or elsewhere. Selection of additional sites, identification
of the appropriate mitigation initiatives, and level of effort will be determined in consultation with
DLNR and USFWS.

Mitigation for Lower Rates of Take of Petrel and Shearwater

If rates of take have not already been identified as occurring at Higher rates, a determination will be
made whether take of seabirds is occurring below Baseline levels. A Lower rate of take will be
determined for Kahuku Wind Power if no downed Hawaiian petrels or Newell’s shearwaters are found
attributable to the project after five consecutive years of project operation. If mitigation occurs at
Makamaka'ole (see above), and fencing and trapping is proceeding as planned, no change in
mitigation will be implemented even if take occurs at a Lower level.

If Alternative 2 is chosen (see above) and mitigation efforts at that point in time have met the
Baseline requested take, mitigation obligations will have been met and will cease with the concurrence
of DLNR and USFWS. Once mitigation returns to Baseline or Higher levels, mitigation provided will be
commensurate with the requested take for the required tier, even if Lower take levels are determined
later in the life of the project. These measures will be implemented with the concurrence of DLNR and
USFWS.

Measures of Success for Petrel and Shearwater

Mitigation efforts provided by Kahuku Wind Power will contribute to habitat and colony enhancement,
and the control of predator populations and thus will provide a net benefit to, and aid in the recovery
of, the two seabird species.
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In general, mitigation will be deemed to be successful if the mitigation efforts result in one more
fledgling or adult than that required to compensate for the requested take of the required tier. For
Alternative 1, these mitigation requirements may be met if sufficient burrows are fenced and enough
fledglings and adults are accrued to exceed the requested take level requirements. Fledglings accrued
will be the net increase in pair productivity of each seabird species over that of baseline productivity
estimates for each seabird species under unmanaged conditions using best available information.
Likewise, the adults accrued will be the difference in adult survival rates at the managed site over that
under unmanaged conditions. Unmanaged conditions will be represented using the best available
information from published studies of the same or similar species.

However, if insufficient naturally occurring burrows are found, since the measures proposed to
increase the number of nesting pairs are considered experimental (i.e. using social attraction to
increase colony size and artificial burrows to increase available nesting habitat) it was decided with
prior concurrence of DLNR and USFWS, that if the social attraction study is executed as agreed upon,
the knowledge gained from conducting the fencing and social attraction study, regardless of outcome,
is sufficient to meet the Baseline take requirement. This is so because while social attraction methods
appear to hold great promise, they have not been proven in Hawai'i, and the results from these
mitigation efforts will assist the agencies in determining the next steps to take to promote the
recovery of the Hawaiian petrel and Newell’s shearwater.

If Alternative 2 is chosen, mitigation will be deemed to be successful if the mitigation efforts result in
one more fledgling or adult than that required to compensate for the requested take of the required
tier.

To ensure the success of the mitigation effort, Kahuku Wind Power will establish a $150,000 Seabird
Contingency Fund. The fund will be compounded at 2.5% annually over the entire 20-year term of
the HCP resulting in a total possible maximum of $245,792 (if left unused at year 20). If the fund is
drawn upon at any time, the interest will continue to accrue for the remaining balance. This fund will
be available to implement adaptive measures to ensure that mitigation is commensurate with the
actual take. If at the end of the 20-year period the mitigation is still not commensurate with actual
take, any remaining contingency funds will be used for further mitigation efforts and to ensure a net
benefit.

Hawaiian Waterbirds

The Kahuku Wind Power HCP proposes to mitigate for possible impacts to Hawaiian duck, Hawaiian
stilt, Hawaiian coot, and Hawaiian moorhen concurrently at one wetland site because of the similar
habitat requirements of these species, and because they face similar threats to their habitat and
reproductive success. Mitigation proposed for these species is identified following the impact
assessments for all four species.

Hawaiian Duck

Hawaiian Duck Hybrids:

Impacts from Turbines and Met Towers

The estimated passage rate of Hawaiian duck hybrids over the Kahuku Wind Power project area is
0.0029 birds/ha/hr or 8.0 birds/day for the entire site. Modeling provides an estimated average
fatality rate that ranges from 0.0004 to 0.0042 ducks/turbine/year. This equates to an average
annual fatality rate ranging from 0.005 to 0.050 ducks/year for all 12 turbines. Average fatality
caused by collision with the one permanent met tower is estimated to range from 0.00006 to 0.0006
ducks/year. Combined, the total estimated average fatality rate at Kahuku Wind Power for all 12
turbines and one met tower ranges from 0.001 - 0.051 ducks/year.

Low mortality of waterbirds has been documented at wind turbines situated coastally, like the

proposed Kahuku Wind Power project, despite the presence of high numbers of waterbirds in the
vicinity (Kingsley and Whittam 2007). Studies at wind energy facilities located in proximity to
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wetlands and coastal areas have shown that waterbirds and shorebirds are among the birds most
wary of turbines and that these birds readily learn to avoid the turbines over time (Koford et al. 2004,
Jain 2005, Carothers 2008). Avoidance behavior has also been documented by néné at the existing
KWP facility on Maui (Kaheawa Wind Power 2008). Because of this, an avoidance rate of 95% (95%
of the ducks approaching the turbines and met tower successfully avoid them) was used in the
modeling to identify the expected average mortality rate of hybrid Hawaiian ducks resulting from
proposed project operations. The estimated average rate of mortality at 95% avoidance is 0.026
ducks/year for all 12 turbines and the one met tower on site.

Passage rates of ducks over Kahuku Wind Power may temporarily increase due to events associated
with extremely heavy rainfall (e.g. 5 inches of rain or more per day) which can occur every few years
on O'ahu. These rains usually cause significant flooding in the northern portions of the island, where
Kahuku Wind Power is situated. During one such event, some standing water was observed on site at
Kahuku Wind Power and these features were noted to attract Hawaiian duck hybrids to the site for a
short period of time (a few days). The observed ponding was in an area characterized as pasture
area. In order to reduce the risk for waterbirds, Kahuku Wind Power intends to grade this area during
construction to improve drainage and prevent standing water from collecting during such periods of
heavy rain. The area in question is not a wetland or water as defined under state or federal laws and,
given how rarely it holds water, does not provide resources regularly utilized by Hawaiian duck
hybrids. Overall, USFWS, SWCA, and Kahuku Wind Power LLC believe that minimizing the potential
for collisions of listed waterbirds with project structures outweigh the significance in the loss of these
small, ephemeral, and infrequently- used habitat areas.

Impacts from Other Project Components

Hawaiian duck hybrids frequently fly at altitudes that the microwave tower, overhead collection lines,
relocated distribution lines and utility poles on-site would extend to. Therefore, potential for ducks to
collide with these structures exists. However, as Hawaiian hybrid ducks are primarily diurnal, they are
expected to easily avoid the microwave tower which would be highly visible during daylight hours.
Observations of ducks conducted at nearby wetlands demonstrated that Hawaiian duck hybrids easily
negotiated the overhead powerlines strung across the wetland habitat. No ducks were observed to
have any collisions or near-collisions with the overhead powerlines or utility poles (147 flocks
observed, average of two bird per flock). Consequently, potential for hybrid Hawaiian ducks to collide
with the microwave tower, overhead collection lines, relocated distribution lines, and utility poles on-
site to is considered to be negligible.

Some very limited and temporary potential would also exist for ducks to collide with cranes during the
construction phase of the project. However, the cranes would be highly visible, and so should be
readily avoided. In addition, as discussed for Newell’s shearwater, the cranes are only expected to be
present on-site for a brief period. Consequently, potential for hybrid Hawaiian ducks to collide with
construction cranes is considered to be negligible. No Hawaiian duck hybrids are expected to be
present at either offsite microwave tower site. Therefore, none of these structures were identified as
a potential source of take of Hawaiian duck hybrids in the mortality modeling performed for the
species and, thus, the amount of take requested to be authorized through the ITL is based solely on
mortality expected to occur as a result of construction and operation of the WTGs and met towers.

However, if in the unlikely event a seabird mortality is found in the future and that mortality can be
attributed to the on-site construction cranes, Kahuku Wind Power on-site or off-site microwave
towers, associated overhead cables or utility poles, Kahuku Wind Power LLC will mitigate for that loss
at a level commensurate with any take recorded on-site. After commissioning, the lease for both
offsite microwave tower sites may be turned over from Kahuku Wind Power LLC to HECO. If so, any
take responsibility associated with potential take at the off-site tower may be transferred as well. The
transfer of responsibility would be determined in consultation with DLNR and USFWS (SWCA and First
Wind 2010).

Impacts from Project-related Activities

Some potential also exists for construction or maintenance vehicles to strike downed ducks (ducks
already injured by collision with turbines or towers) while traveling project roads. Project personnel
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will be trained to watch for downed ducks and other wildlife and speed limits (10 mph) will be
emplaced and enforced to minimize potential for vehicular strikes to result in death of ducks that
otherwise might have been able to be rehabilitated. Despite this, it is assumed that day-to-day
maintenance of the wind facility may occasionally result in the fatality of hybrid ducks. As discussed
for Newell’s shearwater, this potential source of mortality is accounted for in the collision mortality
estimate and so does not result in an increase in the amount of take expected from the proposed
project.

Therefore, it is projected that take of Hawaiian duck hybrids as a result of collision with project
components and vehicle strikes will occur at the average rate of 0.02 ducks/year.

Indirect Take and Take Limits

It is assumed that adult ducks are most likely to collide with turbines and associated structures during
non-breeding periods or toward the end of their breeding period when ducklings are larger and can be
left unattended for longer periods of time. Breeding adults are expected to be much more likely to
remain in their home ranges while incubating or attending to heavily dependent young, and so are not
expected to fly over the Kahuku Wind Power site during those times. Hybrid Hawaiian ducks will
breed year round, although a peak in breeding occurs from March to June.

For purposes of assessing indirect take, any adult hybrid Hawaiian duck mortality recorded during the
months of March through June will be assumed to have been actively breeding. However, based on
the previous paragraph, it will also be assumed that such ducks would have been tending to older
ducklings, which likely would be fewer in humber than original clutch size (studies indicate that
average number of young produced per pair of Hawaiian ducks per nesting attempt is 1.225). It will
be assumed that any ducks found from July through February will have had a 25% chance of having
been breeding actively and tending to older ducklings. It is also assumed that death of a male adult
will not to lead to indirect death of ducklings because the males do not provide any parental care for
eggs or ducklings. Based on these assumptions, as indicated in Table 7 below, the amount of indirect
take that would be assessed for each direct adult duck mortality ranges from 0.00 to 1.225 ducklings
depending on time of year and gender of the fatality (life history data in HCP).

Table 7. Calculation of indirect take of the Hawaiian duck hybrid.

No. young Likelihood Parental

Hawaiian duck . f breedi ibuti Indirect
hybrid Season per pair of breeding contribution (A*B*C)
(A) (B) (©)
Male All year 1.225 0.25 - 1.00 0.00 0.00
Female Peak breeding 1.225 1.00 1.0 1.225
Mar-Jun
Female Jul - Feb 1.225 0.25 1.00 0.31
Immature All year -- 0.00 -- 0.00

Because of previously discussed assumptions concerning unobserved direct take, any one hybrid
Hawaiian duck found to have collided with a project component in a year will lead to an assessment of
total direct take for that year of greater than one that likely would be rounded up to 2 ducks/year
(based on expected results from take monitoring and subsequent adjustments for searcher efficiency
and scavenging rates). While the second bird taken under this scenario would be assumed and,
therefore, of unknown age or gender, it will be assumed that all hybrid Hawaiian ducks taken through
“unobserved direct take” will be female adults with a 25% chance of having been in breeding
condition. This is based on the information that hybrid Hawaiian ducks have one clutch a year, and
are expected to be breeding three months of the year (a one-month incubation period followed by
parental care for 2 months; 3 months breeding / 12 months per year = 0.25). Consequently,
following the above table, indirect take will be assessed to ducks lost through “unobserved direct take”
at the rate of 0.31 ducklings/duck (1.225 x 0.25 x 1.00 = 0.306).
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The total direct take of 2 adults per year could result in an indirect take assessment of 0.31 to 1.535
ducklings per year, which is rounded here up to 2 ducklings per year. Consequently, while the chance
of take occurring in any year appears to be exceptionally low, because of need to allow for assessment
of unobserved direct take, the Applicant suggests the Baseline ITL should allow for a total direct take
of 2 hybrid Hawaiian ducks and the indirect take of 2 ducklings in any year of project operation.
Expected rates of take and rates of take requested to be authorized by the ITL through the expected
20-year life of the project are summarized below, along with rates of take considered to qualify as
“Lower” and “Higher.”

Expected Rate of Take
Annual average 0.026 adults/immatures and 0.031 ducklings
20-year project life 1 adult/immature and 1 duckling

Requested ITL Authorization

Baseline level of take 2 adults/immatures and 2 ducklings 4 birds/year
5-year limit of take 6 adults/immatures and 6 ducklings
20-year limit 8 adults/immatures and 8 ducklings

Higher Rate of Take

One-year period Total direct take of 3 - 4 adults/immatures 3 - 4 ducklings

5-year period Total direct take of 7 - 8 adults/immatures and 7 - 8 ducklings

20-year period Total direct take of 9 - 12 adults/immatures and 9 - 12
ducklings

Lower Rate of Take
5-year period Total direct take of 0 adults/immatures and 0 ducklings

An estimated 300 hybrid Hawaiian ducks are present on O'ahu (Engilis et al. 2002, USFWS 2005a).
The expected level of take over the 20-year life of the project is approximately one adult duck and one
duckling being tended at the time of collision. Mortality realized at this very low rate is not expected
to cause significant negative impacts to the O'ahu population of hybrid Hawaiian ducks. Regardless,
because it is anticipated that all hybrid Hawaiian ducks on O'ahu will ultimately be removed/relocated
to allow for the reintroduction of pure Hawaiian ducks, loss of hybrid ducks as a result of operation of
the Kahuku Wind Project is not considered to be biologically significant or adverse.

Pure Hawaiian Ducks:

The possibility of existence of genetically pure Hawaiian ducks on O'ahu is currently considered very
remote (Engilis et al. 2002, USFWS 2005a, A. Engilis, pers. comm.). However, as discussed, the
USFWS is planning on James Campbell NWR playing a key role in the future reintroduction of pure
Hawaiian ducks to O'ahu (USFWS 2005a, J. Kwon/USFWS, pers. comm.). At present it is uncertain
when that will occur, but it is possible that reintroductions could occur during the 20-year life of the
project.

The reintroduction of pure Hawaiian ducks would first require the removal of all hybrid Hawaiian ducks
and feral mallards from O’ahu. If that were to occur during the life of the project, the potential for
hybrid ducks to be killed through collision with project components as described above would be
eliminated and replaced with potential for project operations to cause mortality of pure Hawaiian
ducks. There likely would be some interval of time between eradication of the hybrid ducks and re-
introduction of the pure ducks in which no potential existed for Hawaiian-type ducks to collide with the
proposed turbines and met tower.

3 The level of take expected over the 20-year life of the project was derived by multiplying the expected annual
average (0.2) by 20 and rounding up to the nearest whole integer (1). The requested 20-year take authorization is
greater than 1 adult duck to not only allow for assessment of unobserved take, but to guard against possible future
increases in the duck population altering their passage rate through the project area.
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It is not known how many pure Hawaiian ducks would be released or what behavior patterns they
would establish, so it is not possible at this time to estimate accurately an expected passage rate and
model expected mortality rates. However, it does seem probable that the number of pure ducks
released would be lower than the number of hybrid Hawaiian ducks currently present in the general
project area, and that population of pure ducks would eventually build to approximate that of the
current hybrid population. Consequently, it appears the potential for collisions would initially be lower
than that expected for the hybrid ducks but could eventually match it. Given the low rate at which the
hybrid ducks are expected to collide with project components and the degree to which that rate was
rounded up to yield an annual rate of take of 1 duck/year, it is expected that rates of take of pure
Hawaiian ducks would be similar to those identified above for hybrid Hawaiian ducks. Should
reintroduction of pure Hawaiian ducks occur during the lifetime of the project, the Applicant believes
the same take authorizations and limits should be applied to the species as requested for the hybrid
ducks above.

Hawaiian Stilt

Risk factors for Hawaiian stilt interacting with wind turbines and meteorological towers are poorly
understood. As with Hawaiian petrel, no Hawaiian stilts were observed flying over the project area
during the avian surveys. Consequently, modeling would result in an estimated take rate of zero
because known stilt passage rate is zero. Because Hawaiian stilts occur regularly in the Kahuku area,
it is considered that the project would create some risk of causing take of this species, however small.
The estimated rate of take of the Hawaiian stilt will be assumed to be the same as for Hawaiian duck
hybrids, or an average of 0.026 stilts/year lost through interaction with turbines, met towers, on-site
and off-site microwave towers and overhead cables, utility poles and other associated structures, as
well as mortality due to construction related fatalities and vehicular strikes.

After commissioning, the lease for both off-site microwave tower sites may be turned over from
Kahuku Wind Power LLC to HECO. If so, any take responsibility associated with potential take at the
off-site tower may be transferred as well. The transfer of responsibility would be determined in
consultation with DLNR and USFWS).

It is assumed that adult stilts are most likely to collide with turbines and associated structures during
non-breeding periods or toward the end of their breeding period when chicks are larger and can be left
unattended for longer periods of time. Hawaiian stilts are highly territorial during the breeding season
(Robinson et al. 1999) and are much more likely to be defending their territories while incubating or
attending to heavily dependent young, and so are not expected to fly over the Kahuku Wind Power
site during those times. Hawaiian stilts breed from February to August.

For purposes of assessing indirect take, any adult Hawaiian stilt mortality recorded during the months
of February through August will be assumed to have been actively breeding. However, based on the
previous paragraph, it will also be assumed that such a stilt would have been tending to older chicks,
which likely would be fewer in number than original clutch size (studies indicate that average clutch
size is 4, while average number of fledglings produced per pair of Hawaiian stilts is 0.9). Stilt
mortality that occurs outside the breeding season will be assumed to be of non-breeding birds and will
not be assigned any indirect take. Since both sexes provide fairly equal amounts of parental care, the
amount of indirect take assessed will be shared equally between males and females. Parents have not
been documented to feed their chicks, thus at least half the brood is likely to survive even with the
loss of one parent (Robinson et al. 1999). Based on these assumptions, as indicated in Table 8 below,
the amount of indirect take assessed for each direct adult stilt mortality is 0.45 during the breeding
season (life history data in the HCP).

Because of previously discussed assumptions concerning unobserved direct take, any one Hawaiian
stilt found to have collided with a project component in a year will lead to an assessment of total
direct take for that year of greater than one that likely would be rounded up to 2 stilt/year (based on
expected results from take monitoring and subsequent adjustments for searcher efficiency and
scavenging rates). While the second bird taken under this scenario would be assumed and, therefore,
of unknown age or gender, it will be assumed that all Hawaiian stilts taken through “unobserved direct
take” will be adults.
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Table 8. Calculation of indirect take for the Hawaiian stilt.

Average no. of

Hawaiian fledglings per LIl e FECEE Indirect take
- Season ; of breeding  contribution
Stilt pair (B) (©) (A*B*C)
(A)
Adult Feb-Aug 0.9 1.00 0.5 0.45
Adult Sep-Jan -- 0.00 -- 0.00
Immature All year -- 0.00 -- 0.00

In addition, because stilt could be flying through the project area at any time of year, the likelihood of
stilt being in breeding condition is assumed to be 16.67%. This is based on the information that
Hawaiian stilts have one clutch a year, and are expected to be breeding two months of the year (a one
month incubation period followed by parental care for one month; 2 months breeding / 12 months per
year = 0.1666). Consequently, following the above table, indirect take will be assessed to stilts lost
through “unobserved direct take” at the rate of 0.08 fledglings/stilt (0.9 x 0.1667 x 0.5 = 0.075).

The total direct take of 2 adults per year could result in an indirect take assessment of 0.53 fledglings
per year, which is rounded here up to 1 fledgling per year. Consequently, the Applicant suggests the
ITL should allow for a total direct take of 2 Hawaiian stilts and the indirect take of 1 fledgling in any
year of project operation. Expected rates of take and rates of take requested to be authorized by the
ITL through the expected 20-year life of the project are summarized below, along with rates of take
considered to qualify as “Lower” and “Higher.”

Annual Expected Rate of Take

Annual average 0.026 adults/immatures and 0.0012 fledglings
20-year project life 1 adult/immature and 1 fledgling

Requested ITL Authorization
Baseline level of take 2 adults/immatures and 1 fledgling 3 birds/year
Five-year limit of take 6 adults/immatures and 3 fledglings
20-year limit 8 adults/immatures and 4 fledglings

Higher Rate of Take

One-year period Total direct take of 3 - 4 adults/immatures and 1 - 2 fledglings

5-year period Total direct take of 7 - 8 adults/immatures and 3 - 4 fledglings

20-year limit Total direct take of 9 - 12 adults/immatures and 5 - 6
fledglings

Lower Rate of Take
5-year period Total direct take of 0 adults and 0 fledglings

O'ahu supports 35-50% of the state’s stilt population with approximately 450 to 700 birds present on
the island. The take of stilts at the expected rate of one adult stilt and one fledgling over 20 years is
not expected to significantly impact the population of the stilt on O'ahu. Moreover, the proposed
mitigation (see below) is expected to more than offset the anticipated take and contribute to the
species’ recovery by providing a net conservation benefit, as required by State law. The mitigation is
expected to be successful as the Hawaiian stilt is classified as a species with a high potential for
recovery (USFWS 2005a) where the biological and limiting factors are well understood, the threats are
understood and easily alleviated and intensive management is not needed or the known techniques
have been documented with a high probability of success (USFWS 1983).

* The expected level of take over 20 years was rounded up to the nearest whole integer and requested take
authorizations allow for assessment of unobserved direct take and changes in Hawaiian stilt passage rates over
time.
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Levels of take under the Higher Take scenario may begin to impact the state population due to its
small population humbers. This scenario however, is considered extremely unlikely to occur as
Hawaiian stilts have not been seen flying overhead during avian surveys at Kahuku Wind Power and
the baseline take estimate probably overestimates the amount of take that will actually occur. As
stated above, mortality of waterbirds at wind farms has historically been low, despite the proximity of
large populations of waterbirds near turbines. Waterbirds also learn to avoid turbines over time
(Kingsley and Whittam 2007, Carothers 2008). The proposed mitigation for Higher Take levels is
expected to more than offset the anticipated take and contribute to the species’ recovery by providing
a net conservation benefit, as required by State law. For these reasons, no adverse impacts to the
species’ overall population are anticipated.

Hawaiian Coot

As with Hawaiian stilt, the risk factors for Hawaiian coot interacting with wind turbines and met towers
are poorly understood. A small number of fatalities of American coot have been reported at wind
facilities in North America, although these involved projects where surface waters occurred within the
project area. No permanent surface water occurs within the Kahuku Wind Power site to serve as an
attractant to Hawaiian coots, and no coots were observed flying through the site during the avian
surveys. Consequently, as for Hawaiian petrel and Hawaiian stilt, mortality modeling for this species
would result in a projected rate of take of zero. Because Hawaiian coots occur regularly in the Kahuku
area and are known to make local and even inter-island movements, it seems the potential for take of
this species occurring from the proposed project, while very low, is not zero. Therefore, as with
Hawaiian stilt, for the purposes of the HCP, it will be assumed that the rate of take of Hawaiian coot
will be the same as for hybrid Hawaiian ducks, or an average of 0.026 coots/year resulting from
interactions with turbines, met towers, on-site and off-site microwave towers, associated overhead
cables, utility poles and other associated structures, as well as mortality due to construction related
fatalities and vehicular strikes.

After commissioning, the lease for both off-site microwave tower sites may be turned over from
Kahuku Wind Power LLC to HECO. If so, any take responsibility associated with potential take at the
off-site tower may be transferred as well. The transfer of responsibility would be determined in
consultation with DLNR and USFWS).

It is assumed that adult coots are most likely to collide with turbines and associated structures during
non-breeding periods when the birds could be making local or inter-island movements. Hawaiian
coots are territorial during the breeding season (Polhemus and Smith 2005, Smith and Polhemus
2003) and are much more likely to be defending their territories while incubating or attending to
heavily dependent young, and so are not expected to fly over the Kahuku Wind Power site during
those times. Hawaiian coots have been documented to breed year round with the peak breeding
period between March and September.

For purposes of assessing indirect take, any adult Hawaiian coot mortality recorded during the months
of March through September will be assumed to have been actively breeding. However, as mentioned
for other species, it is assumed that coots would not be flying at such distance from nesting locations
unless their young were older and could be left alone for longer periods of time. Thus, for indirect
take assessed to mortalities recorded from March to September, it will be assumed that such coots
would have been tending to older chicks, which likely would be fewer in number than original clutch
size (studies indicate that average number of fledglings produced per pair of Hawaiian coot is 0.9). It
will be assumed that any coot found from October through February will have had a 25% chance of
having been breeding actively and tending to older chicks. Since both sexes provide fairly equal
parental care, the amount of indirect take assessed is equally shared between males and females.
Older chicks are not fed but guided to food by their parents, thus at least half the brood is likely to
survive even with the loss of one parent (Brisbin et al. 2002). Based on these assumptions, as
indicated in Table 9 below, the amount of indirect take assessed for each direct adult coot mortality
ranges from 0.11 to 0.45 chicks depending on the time of the year (life history data in HCP).
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Table 9. Calculating indirect take for the Hawaiian coot.

" No. chicks per Likelihood of Parental .
Hawaiian - - R Indirect take
coot Season pair breeding contribution (A*B*C)

(A) (B) ©
Adult Peak breeding 0.9 1.00 0.5 0.450
ar-Sept
Adult Oct - Feb 0.9 0.25 0.5 0.113
Immature All year -- 0.00 -- 0.000

Because of previously discussed assumptions concerning unobserved direct take, any one Hawaiian
coot found to have collided with a project component in a year will lead to an assessment of total
direct take for that year of greater than one that likely would be rounded up to 2 coots/year (based on
expected results from take monitoring and subsequent adjustments for searcher efficiency and
scavenging rates). While the second bird taken under this scenario would be assumed and, therefore,
of unknown age, it will be assumed that all Hawaiian coots taken through “unobserved direct take” will
be adults. In addition, because coots could be flying through the project area at any time of year, the
likelihood of coot being in breeding condition is assumed to be 33%. This is based on the information
that Hawaiian coots have one clutch a year, and are expected to be breeding four months of the year
(a one month incubation period followed by parental care for three months; 4 months breeding / 12
months per year = 0.33). Consequently, following the above table, indirect take will be assessed to
chicks lost through “unobserved direct take” at the rate of 0.15 chicks/coot (0.9 x 0.33 x 0.5 = 0.15).

The total direct take of 2 adults per year could result in an indirect take assessment of 0.15 to 0.6
chicks per year, which is rounded here up to 1 chick per year. Consequently, the Applicant suggests
the Baseline ITL should allow for a total direct take of 2 Hawaiian coots and the indirect take of 1 chick
in any year of project operation. Expected rates of take and rates of take requested to be authorized
by the ITL through the expected 20-year life of the project are summarized below, along with rates of
take considered to qualify as “Lower” and “Higher.”

Annual Expected Rate of Take

Annual average
20-year project life

Requested ITL Authorization
Baseline level of take
5-year limit of take
20-year limit

Higher Rate of Take
One-year period
5-year period
20-year limit

Lower Rate of Take
5-year period

0.026 adults/immatures and 0.012 chicks
1 adult/immature and 1 fledgling

2 adults/immatures and 1 fledgling 3 birds/year
6 adults/immatures and 3 fledglings

8 adults/immatures and 4 fledglings

Total direct take of 3 - 4 adults/immatures and 2 fledglings
Total direct take of 7 - 8 adults/immatures and 3 - 4 fledglings
Total direct take of 9 - 12 adults/immatures and 5 - 6
fledglings

Total direct take of 0 adults and 0 fledglings

O'ahu supports between 500 and 1,000 coots, or up to 33% of the state population. The expected
loss of one adult coot and one fledgling over the life of the project, if realized, is not expected to have
a significant impact on the population of the coot on O'ahu. Moreover, the proposed mitigation is
expected to more than offset the anticipated take and contribute to the species’ recovery by providing
a net conservation benefit, as required by State law. The mitigation is expected to be successful as
the Hawaiian coot is classified as a species with a high potential for recovery (USFWS 2005a) where

® The expected level of take over 20 years was rounded up to the nearest whole integer and requested take
authorizations allow for assessment of unobserved direct take and changes in Hawaiian coot passage rates over

time.
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the biological and limiting factors are well understood, the threats are understood and easily alleviated
and intensive management is not needed or the known techniques have been documented with a high
probability of success (USFWS 1983).

Levels of take under the Higher Take scenario may begin to impact the state population due to its
small population humbers. This scenario however, is considered extremely unlikely to occur as
Hawaiian coots have not been seen flying overhead during avian surveys at Kahuku Wind Power and
the baseline take estimate probably overestimates the amount of take that will actually occur. As
stated above, mortality of waterbirds at wind farms has historically been low, despite the proximity of
large populations of waterbirds near turbines. Waterbirds also learn to avoid turbines over time
(Kingsley and Whittam 2007, Carothers 2008). The proposed mitigation for Higher Take levels is
expected to more than offset the anticipated take and contribute to the species’ recovery by providing
a net conservation benefit, as required by State law. For these reasons, no adverse impacts to the
species’ overall population are anticipated.

Hawaiian Moorhen

Hawaiian moorhens were never detected at Kahuku Wind Power during the 15-month long avian point
count survey and are thought to be at very low risk of collision with turbines because of their
sedentary habits. For the same reasons discussed for Hawaiian stilt and Hawaiian coot, risk of
collision by this species is not zero, and will be assumed to occur at the same rate assumed for those
species, or on an average of 0.02 moorhens/year as a result of collision with turbines, met towers, on-
site and off-site microwave towers, associated overhead cables, utility poles and other associated
structures, as well as mortality due to construction related fatalities and vehicular strikes.

After commissioning, the lease for both off-site microwave tower sites may be turned over from
Kahuku Wind Power LLC to HECO. If so, any take responsibility associated with potential take at the
off-site tower may be transferred as well. The transfer of responsibility would be determined in
consultation with DLNR and USFWS.

Like Hawaiian coots, it is assumed that adult moorhens are most likely to collide with turbines and
associated structures during non-breeding periods or, possibly, toward the end of their breeding
period when chicks are larger and can be left unattended for longer periods of time. Hawaiian
moorhen are territorial during the breeding season (Polhemus and Smith 2005, Smith and Polhemus
2003) and are much more likely to be defending their territories while incubating or attending to
heavily dependent young, and so are not expected to fly over the Kahuku Wind Power site during
those times. Hawaiian moorhen have been documented to breed year round with the peak breeding
period between March to August.

For purposes of assessing indirect take, any adult Hawaiian moorhen mortality recorded during the
months of March through August will be assumed to have been actively breeding. However, based on
the previous paragraph, it will also be assumed that such moorhens would have been tending to older
chicks, which likely would be fewer in number than original clutch size (studies indicate that average
number of fledglings produced per pair of Hawaiian moorhens is 1.3). It will be assumed that any
moorhen found from September through February will have had a 25% chance of having been
breeding and tending to older chicks. Since both sexes provide fairly equal parental care, the amount
of indirect take assessed is equally shared between males and females. Older chicks forage with
adults, feeding themselves the majority of the time, thus, at least half the brood is likely to survive
even with the loss of one parent (Bannor and Kiviat 2002). Based on these assumptions, as indicated
in Table 10 below, the amount of indirect take assessed for each direct adult moorhen mortality
ranges from 0.16 to 0.65 fledglings depending on the time of the year (life history data in HCP).

Because of previously discussed assumptions concerning unobserved direct take, any one Hawaiian
moorhen found to have collided with a project component in a year will lead to an assessment of total
direct take for that year of greater than one that likely would be rounded up to 2 moorhens/year
(based on expected results from take monitoring and subsequent adjustments for searcher efficiency
and scavenging rates). While the second bird taken under this scenario would be assumed and,
therefore, of unknown age, it will be assumed that all Hawaiian moorhens taken through “unobserved
direct take” will be adults. In addition, because moorhens could be flying through the project area at
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any time of year, the likelihood of moorhens being in breeding condition is assumed to be 58%. This
is based in the information that Hawaiian moorhens can have up to two clutches a year, and are
expected to be breeding seven months of the year (two clutches at a one month incubation period
followed by parental care for two and a half months; 3.5 months per clutch x 2 clutches / 12 months
per year = 0.5833). Consequently, indirect take will be assessed to chicks lost through “unobserved
direct take” at the rate of 0.38 chicks/moorhen (1.3 x 0.58 x 0.5 = 0.38).

Table 10. Calculating indirect take for the Hawaiian moorhen.

" Average no. of Likelihood of Parental .
Hawaiian . . - — Indirect take
RN - Season chicks per pair breeding contribution (A*B*C)

(A) (B) ©
Adult Peak Mar-Aug 1.3 1 0.5 0.65
Adult Sept - Feb 1.3 0.25 0.5 0.1625
Immature All year - 0.00 -- 0.00

The direct take of one adult will result in assessment of an indirect take of a maximum of 0.65 chick.
Because of assumptions concerning unobserved direct take, the Applicant suggests the Baseline ITL
should allow for a total direct take of 2 adults moorhens and the indirect take of 1.03 chicks, rounded
up to 2 chicks, in any year of project operation. Expected rates of take and rates of take requested to
be authorized by the ITL through the expected 20-year life of the project are summarized below,
along with rates of take considered to qualify as “Lower” and “Higher.”®

Annual Expected Rate of Take
Annual average 0.026 adults/immatures and 0.017 fledglings
20-year project life 1 adults/immatures and 1 fledgling

Requested ITL Authorization

Baseline level of take 2 adults/immatures and 2 fledglings 4 birds/year
5-year limit of take 6 adults/immatures and 4 fledglings
20-year limit 8 adults/immatures and 6 chicks

Higher Rate of Take

One-year period Total direct take of 3 - 4 adults/immatures and 2 - 3 fledglings

5-year period Total direct take of 7 - 8 adults/immatures and 4 - 6 fledglings

20-year limit Total direct take of 9 — 12 adults/immatures and 6 - 8
fledglings

Lower Rate of Take
5-year period Total direct take of 0 adults/immatures and 0 fledglings

Biannual waterbird surveys record an average of 341 moorhens throughout the state (USFWS 2005a).
This average is likely an inaccurate estimate of true population size as common moorhens are
secretive and difficult to census (USFWS 2005a). The expected loss of one adult Hawaiian moorhen
and one fledgling over the 20-year project life is not expected to result in significant adverse effects to
the sub-species at the population level. The proposed mitigation is expected to more than offset the
anticipated take and contribute to the species’ recovery by providing a net conservation benefit, as
required by State law. The mitigation is expected to be successful as the moorhen is classified as a
species with a high potential for recovery (USFWS 2005a), where the biological and limiting factors
are well understood, the threats are understood and easily alleviated and intensive management is not
needed or the known techniques have been documented with a high probability of success (USFWS
1983).

5 the expected level of take over 20 years was rounded up to the nearest whole integer and requested take
authorizations allow for assessment of unobserved direct take and changes in Hawaiian moorhen passage rates
over time
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Levels of take in the range of the Higher Take scenario may begin to adversely impact the state
population given its potentially small size. Take at this level, however, is considered extremely
unlikely to be realized as Hawaiian moorhens have not been seen at Kahuku Wind Power and the
Baseline take estimate seems to be a conservative overestimate. The behavior of Hawaiian moorhen
also supports this supposition as moorhens are rarely seen flying, preferring to swim or walk (Bannor
and Kiviat 2002). Moorhens in Hawai'i are highly sedentary (while migratory on continental North
America) and no records of inter-island flights have been documented (Bannor and Kiviat 2002).
Hawaiian moorhens however do disperse in spring to breed (Nagata 1993). The Applicant’s proposed
mitigation for the anticipated take will contribute to a greater understanding of the species’ occurrence
and status, which in turn will help guide future management and recovery efforts and should result in
an overall net conservation benefit for the species. For these reasons, no adverse impacts to the
species’ overall population are anticipated.

Waterbird Mitigation

Mitigation for potential impacts to the four endangered waterbird species is proposed to be conducted
concurrently at one wetland site because of their similar habitat requirements, and because they face
similar threats to their habitat and reproductive success. Proposed mitigation for the take of
waterbirds by operation of the Kahuku Wind Power project will focus on predator control and
vegetation maintenance at wetland sites on O'ahu that have regular waterbird nesting activity as
identified by DLNR and USFWS. Potential wetland sites identified during discussions with DLNR and
USFWS included Hamakua Marsh State Wildlife Sanctuary, James Campbell Wildlife Refuge, Kawai Nui
Marsh, Ukoa Pond and Pouhala Marsh. James Campbell Wildlife Refuge is a federally-owned wetland
site, and therefore a lower priority as a mitigation site. It was decided that since Kawai Nui Marsh and
Ukoa Pond were unmanaged sites with few waterbirds, it would be difficult to implement successful
mitigation measures at these locations. Pouhala Marsh, while managed, already had future funding
designated to the area. Therefore, Hamakua Marsh, a 23-acre wetland located on east O‘ahu, was
identified as the mitigation site of first choice for Kahuku Wind Power by USFWS and DLNR.

Hamakua Marsh is a state-managed wetland with documented nesting of all four waterbirds in the
area. Mitigation by Kahuku Wind Power at this site would also aid in the recovery of the listed
waterbird species. Under the Hamakua Marsh Ecosystem Restoration and Community Development
Project, management activities conducted at Hamakua Marsh included the removal of red mangrove
(Rhizophora mangle) from the banks, outplanting of native species, and providing adequate nesting
habitat for the waterbird species. Waterbird nesting activity and habitat utilization were measured at
Hamakua Marsh in 2003 and 2004 to document their response of these management activities (Smith
and Polhemus 2003, Polhemus and Smith 2005). Since 2005 DLNR has conducted the predator
trapping, vegetation maintenance, and monitoring of waterbird productivity at the marsh.

Mitigation efforts will be directed at increasing productivity and mitigation success will be measured in
terms of increased fledgling production over baseline productivity (productivity rates measured before
predator control) at the end of the reproductive season for each year. The take of adults or subadults
at Kahuku Wind Power will be compensated for by increasing the number of fledglings produced while
taking into account fledgling survival to adulthood. For example, if 50% of all Hawaiian stilt fledglings
survive to adulthood, the required compensation for the direct take of one adult Hawaiian stilt would
be the production of two fledglings so that one can be expected to replace the taken bird. If increased
adult survival can be demonstrated, then adults may also be directly replaced by another adult.

In addition to mitigating for the effects of direct and indirect take, mitigation also needs to account for
any loss of productivity that could have occurred between the time the direct take occurs and the time
that mitigation is provided. Factors that need to be taken into consideration when accounting for loss
of productivity include demographic factors such as the age and sex of the individuals taken, the time
of year the take occurs, the type of mitigation provided, and the time that elapsed between
commencement of mitigation efforts and the direct take.

Mitigation measures as described below would be conducted in collaboration with DLNR staff.
Monitoring of waterbird health, reproductive success, and population size will also be funded to
quantify the success of the mitigation measures. Monitoring would also be essential to identify any
emerging threats or to determine the relative significance of existing threats if conditions change over
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time. This can contribute vital information to adaptive management as needed. The design and scope
of each year’s effort would be determined with DLNR in consultation with biologists at USFWS and
Kahuku Wind Power. Consultation is necessary to ensure that the proposed management actions for
waterbirds on O'ahu satisfy the mitigation criteria required of Kahuku Wind Power by both DLNR and
USFWS and will be complementary to any other management activities that may be taking place for
the benefit of these species.

Mitigation targets have been identified based on the “"Baseline” and “Higher” take levels. On-site post-
construction monitoring will be used to determine whether waterbird take is occurring at Baseline,
Higher or Lower levels. Initial mitigation is intended to compensate for take occurring at Baseline
level. If post-construction monitoring shows that take is actually occurring below or in excess of
Baseline level, adjustment to mitigation efforts would be made (see low and higher take).

As rates of take likely will vary between waterbird species, the level of mitigation effort at the chosen
wetland will be determined by the highest rate of take. For example, if three species are found to be
taken at the Lower rate but one is taken at a Higher rate, Baseline mitigation would be adjusted to
compensate for the Higher rate of take. This would be expected to result in the production of
fledglings for other waterbird species in excess of that which would otherwise be required. The
Applicant would be able to receive credit for such “extra” fledglings that could then be used to
compensate for take incurred in later years.

Baseline Mitigation for Waterbirds

Mitigation for the Baseline level of take of the four waterbirds will consist of:

Funding of $291,500 will be provided for three years of management at Hamakua Marsh to a qualified
contractor or personnel approved by USFWS or DLNR. Funding will also be provided toward the
purchase of a truck (up to a maximum of $12,000) and the initial purchase of monitoring equipment
(up to a maximum of $2,000) if necessary. Funding may be provided up to five years as long as the
total available funding of $291,000 is not exceeded. Additional contingency funds are provided in the
event a third party contractor is required and will only be used for this purpose. Following permit
issuance for predator control, vegetation maintenance, and monitoring of waterbird populations and
reproductive activity, the following will be conducted:

a. Predator trapping and baiting will begin during the first breeding season after permit
issuance to remove predators (e.g., cats, rats, mongoose). Predator trapping will be
conducted year round using traps, leg holds, and/or snares. Traps would be placed
along the perimeter of the fences 160 to 200 ft (50 - 60 m) apart. Leg holds and
snares would be placed deeper within the fenced area, depending on visual
observations of predators. Traps will be checked every 48 hrs and snares and leg
holds every 24 hrs in accordance with USFWS guidelines. Bait stations will be
deployed year-round following protocols set forth by the Department of Agriculture.

b. Vegetation maintenance will be conducted to remove and prevent invasive species
from encroaching on waterbird nesting habitat and to enhance available nesting
habitat where possible.

c. Monitoring of reproductive activity and waterbird populations will quantify the
effectiveness of the predator control methods. Monitoring of reproductive activity will
be conducted weekly from December through September.

The predator control, vegetation maintenance, and monitoring will be performed by a qualified
contractor or personnel approved by DLNR and USFWS. After the first three to five years of predator
trapping, the number of fledglings or adults accrued for the covered waterbird species will be
examined, and if they are at least one more than required to compensate for the Baseline requested
take, the required mitigation is considered fulfilled. This standard applies to the Hawaiian coot,
Hawaiian stilt and Hawaiian moorhen. Currently, as no pure Hawaiian ducks exist on O‘'ahu due to
hybridization, mitigation for Hawaiian ducks will consist of removal of hybrids at Hamakua marsh.
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Feral ducks, mallards and Hawaiian duck hybrids still occur at Hamakua marsh and will need to be
removed (SWCA and First Wind 2010).

If the number of fledglings or adults accrued are less than required, additional funding (up to a
maximum of $291,000) will be provided by the Applicant for additional mitigation measures until the
Baseline requested take for the Hawaiian coot, Hawaiian stilt, and Hawaiian moorhen are met (see
HCP). As the fledglings accrued for each species may be uneven due to differences in pair abundance
or reproductive success, more effort may be concentrated on enhancing the productivity of a specific
federally listed waterbird species in order to achieve the required number of fledglings to meet the
Baseline requested level of take, provided the measures do not negatively affect the productivity of
other Covered Species at the mitigation site. The design and scope of each year’s effort will be
determined by DLNR in coordination with biologists at USFWS and Kahuku Wind Power. Coordination
is necessary to ensure that the proposed management actions funded by Kahuku Wind Power and
performed by DLNR for Hamakua Marsh satisfy the mitigation criteria required of Kahuku Wind Power
by both DLNR and USFWS. A draft management plan for Hamakua Marsh outlining management
measures is provided in the State HCP.

If monitoring indicates that factors other than predator control are important or pressing in aiding the
recovery of the endangered waterbird species covered in the HCP, Kahuku Wind Power in concurrence
with USFWS and DLNR will direct the specified funds toward whatever management action is deemed
most appropriate at the time. Should another waterbird nesting site be identified as a more suitable
location for mitigation measures, management actions may be conducted in an alternate site as
appropriate. Other important management techniques for wetland habitat improvement in Hawai'i
could include water level control, disease prevention, and monitoring of environmental contaminants
(USFWS 2005a).

Mitigation for Higher Rates of Take of Waterbirds

If a Higher rate of take occurs for any of the waterbird species, the number of fledglings or adults
accrued for that Covered species will be examined to determine if the fledglings or adults accrued are
enough to cover the number required to be commensurate with the requested take at the Higher tier
and achieve a net conservation benefit for the species. If this is determined to be so, then no
additional mitigation will be provided. If it is determined that this is not the case, mitigation efforts
will first be increased at the Hamakua Marsh site. Increased efforts could include intensifying the
trapping effort or implementing additional vegetation management. If increased efforts at Hamakua
Marsh are not sufficient to increase adult survival or produce enough fledglings required to be
commensurate with the requested take at the Higher tier, and achieve a net conservation benefit for
the species at the measured take levels, Kahuku Wind Power will provide funding for a similar set of
waterbird management measures at one or more additional sites. Selection of additional sites, and
identification of appropriate levels of effort will be determined in consultation with DLNR and USFWS.

Mitigation for Lower Rates of Take of Waterbirds

Lower rates of take can only be determined after 5 years of post-construction monitoring. Lower rates
of take for waterbirds will only be identified if no take has been documented over the past 5 years. It
is anticipated that by the time Lower rates of take are determined, mitigation at the Baseline level
would already have been achieved and no changes to mitigation measures are anticipated.

Measures of Success for Waterbirds

It is anticipated that mitigation for the covered waterbird species will be funded by the Applicant and
conducted by a qualified contractor or personnel approved by USFWS and DLNR. Funding will be
provided by the Applicant within 6-months of issuance of the ITL and Baseline mitigation will
commence within the first year of the project start date unless circumstances beyond the control of
Kahuku Wind Power prevent it from happening. At which point, the Applicant, DLNR and USFWS will
discuss and concur on an appropriate start date and modify mitigation efforts if necessary to enable
mitigation efforts to commence as soon as possible. If after 3 years, mitigation has still yet to
commence, the same equivalent amount of funding will be used to conduct alternate mitigation
measures at the same site or at an alternate site. The alternate mitigation measures will be decided
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in concurrence with DLNR and USFWS. Upon entering a Higher Take level, additional funding will be
made available within 6-months of the determination to implement the required mitigation to be
commensurate with the requested take at the Higher tier and achieve a net conservation benefit for
the species.

If monitoring after two years of predator control indicate that mitigation efforts are not above the
baseline productivity (i.e. productivity in the absence of management), as part of adaptive
management, mitigation efforts may increase, or other measures may be implemented instead. The
baseline productivity will also be examined to determine if it is biologically reasonable and adjusted if
necessary. Other measures may also be implemented should monitoring identify more pertinent
threats that need to be addressed, or other management activities to be more effective in increasing
survival and productivity. Mitigation may also be implemented at other waterbird sites should that be
agreed upon as the action most likely to benefit the Covered Species. All actions implemented will be
determined in consultation with DLNR and USFWS.

After the initial 3 -5 year mitigation period, the mitigation will be deemed successful if the humber of
fledglings and adults accrued exceed the requested take for Hawaiian coot, Hawaiian stilt and
Hawaiian moorhen and result in a net benefit for the three Covered species over the entire permit
term. For the Hawaiian duck, mitigation will be deemed successful if the culling of feral ducks,
mallards and Hawaiian duck hybrids is carried out as far as practicable and that these ducks do not
occur in such numbers on site as to negatively impact the other Covered Species in terms of space or
resource use. Net benefit will also be considered to have been achieved as these mitigation efforts will
have contributed to a reduction in introduced predator populations, which is considered a form of
habitat improvement, and will have contributed to the recovery of the species.

If mitigation efforts still fall short of more than one fledgling required to meet the Baseline requested
take, mitigation efforts will be re-evaluated and modified by further consultation with DLNR and
USFWS. Mitigation will be extended beyond the 3 -5 year period to ensure that the Baseline requested
take for Hawaiian coot, Hawaiian stilt and Hawaiian moorhen are met and result in a net benefit for
the three Covered species over the entire permit term. As the increase in adult survival or production
of fledglings accrued for each species may be uneven due to differences in pair abundance or
reproductive success, more effort may be concentrated on enhancing the productivity of a specific
Covered waterbird species in order to achieve the required number of fledglings to meet the Baseline
requested level of take, provided the measures do not negatively affect the productivity of other
Covered species at the mitigation site. .

To ensure the success of the mitigation effort, Kahuku Wind Power will establish a $150,000 Waterbird
Contingency Fund. The fund will be compounded at 2.5% annually over the 20-year term of the HCP
resulting in a total possible maximum of $245,792 (if left unused at year 20). If the fund is drawn
upon at any time, the interest will continue to accrue for the remaining balance. This fund will be
available to implement adaptive measures to ensure that mitigation is commensurate with the actual
take. If at the end of the 20-year period the mitigation is still not commensurate with requested take,
any remaining contingency funds will be used for further mitigation efforts.

Hawaiian Short-eared Owl

Data on status of Hawaiian short-eared owl in the project area is too scant to enable a reasonable
estimation of the mortality rate for this species that may result from completion of the proposed
project. Observations of short-eared owls at the KWP facility suggest most generally fly low over the
ground, preferring open pastures and grasslands away from most structures (G. Spencer/FirstWind,
pers. comm.). Potential for short-eared owls to collide with wind turbines seems it would be greatest
when birds were performing aerial breeding displays or if the birds were needing to avoid some aerial
predator. The paucity of observations of this species from the project area strongly suggests Hawaiian
short-eared owls do not breed in or directly adjacent to the project area, so the probability of short-
eared owls colliding with wind turbines while performing breeding displays appears to be exceedingly
low. No potential aerial predators of Hawaiian short-eared owl occur on O'ahu, so it also appears very
unlikely that short-eared owls would collide with any of the proposed wind turbines for this reason.
Post-construction monitoring data from North America suggest the species is generally not vulnerable
to collision with wind turbines.
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Potential for short-eared owls to collide with on-site and off-site project components including the
permanent, un-guyed met tower, microwave towers, overhead collection lines, relocated distribution
lines, utility poles or cranes during the turbine construction period is considered negligible because
these structures would be immobile and stationed in cleared sites. Thus, the towers, cranes and
overhead cables should be readily visible to, and avoidable by, owls. All overhead collection lines will
be spaced according to APLIC guidelines and no electrocution related mortalities are expected.

The expectation that short-eared owls are not likely to collide with project related structures, is
supported by the results of post-construction monitoring and general observations made at the KWP
facility on Maui. Short-eared owls are observed regularly at the KWP facility yet, as indicated above,
no short-eared owl fatalities with any project components have been recorded after more than three
and a half years of operation (G. Spencer/FirstWind, pers. comm.). One carcass however was
incidentally found under MECO transmission lines in 2009. The paucity of recorded fatalities at a site
where the species occurs regularly and, hence, has greater exposure to collision hazards, suggests
strongly that risk of collision at the Kahuku Wind Power facility would be very low given that the
species has rarely been documented on the site.

Some potential exists for construction or maintenance vehicles to strike short-eared owls that may be
hunting low over the project area. Project personnel will be educated regarding the possibility of owls
flying low across project roadways or resting on the ground adjacent to roadways and speed limits (10
mph) will be emplaced and enforced on project roadways to minimize potential for vehicle strikes to
harm short-eared owls.

Given the above information, it is possible that no Hawaiian short-eared owl fatalities will be realized
during the life of the Kahuku Wind Power project. However, because the species is known to occur in
the general vicinity of the project area at least on occasion, the risk of collision cannot therefore be
considered zero. Given the on-site survey results and monitoring results from the KWP site on Maui, it
seems reasonable to assume that the chance of the proposed project causing a short-eared owl
fatality in any given year is well less than 1.0. It is assumed that the proposed project will on average
result in the loss of 0.33 Hawaiian short-eared owl/year.

This equates to one owl every three years and was chosen as a conservative estimate based on the
findings at KWP where no short-eared owls have been lost to project operations after three years. This
mortality rate includes loss due to interaction with turbines, met towers, on-site and off-site
microwave towers and overhead cables, utility poles and other associated structures, as well as
mortality due to construction related fatalities and vehicular strikes.

Adult owls have potential to collide with turbines or be struck by vehicles at any time of year and
presumably regardless of breeding status. Hawaiian short-eared owls breed year round with no
known peak breeding season. The average breeding period (from brooding to fledging) is two months
long. Thus, at any given time the probability that an owl killed on-site was actively breeding would be
0.167 (2 months / 12 months per year = 0.1667). Because the owls breed year round, it will be
assumed that any owl that might be killed could have been tending to a full clutch of eggs or a nest of
newly hatched young. As males only provide food and females exclusively brood and feed young, the
loss of either parent is likely to result in the loss of the entire brood. Consequently, as depicted in
Table 11 below, the amount of indirect take that will be assessed for the direct take of any adult
Hawaiian short-eared owl is 0.95 owlets (life history data in HCP).

Table 11. Calculating indirect take for the Hawaiian short-eared owl.

. Average no. of Likelihood of Parental .
Hawaiian . - S Indirect take
short-eared owl Season owlets per pair breeding contribution (A*B*C)
(A) (B) ©
Adult All year 5.6 0.17 1.0 0.95
Immature All year -- 0.00 -- 0.00

As discussed, because of assumptions concerning unobserved direct take, any one Hawaiian short-
eared owl found to have collided with a project component in a year will lead to an assessment of total

40



direct take for that year of greater than one. Consequently, the Applicant suggests the ITL should
allow for a total direct take of 2 adults or recently fledged Hawaiian short-eared owls per year of
project operation.

The direct take of one adult owl will result in an assessment of indirect take of 0.95 owlets or
essentially rounded to one owlet. Consequently, the Applicant suggests the Baseline ITL should also
allow for the indirect take of 2 owlets/year, which would account for the amount of incidental take that
would be assessed to the total direct take of 2 adults (2 x 0.95 = 1.9). Expected rates of take and
rates of take requested to be authorized by the ITL through the expected 20-year life of the project
are summarized below, along with rates of take considered to qualify as “Lower” and “Higher.””

Expected Rate of Take
Annual average 0.33 adults/immatures and 0.31 owlets 0.64 birds/year
20-year project life 7 adults/immatures and 7 owlets

Requested ITL Authorization

Baseline level of take 2 adults/immatures and 2 owlets 4 birds/year
5-year limit of take 6 adults/immatures and 6 owlets
20-year limit 8 adults/immatures and 8 owlets

Higher Rate of Take

One-year period Total direct take of 3 - 4 adults/immatures and 3 - 4 owlets
5-year period Total direct take of 7 - 8 adults/immatures and 7 — 8 owlets
20-year period Total direct take of 9 -12 adults/immatures and 9 - 12 owlets

Lower Rate of Take
5-year period Total direct take of 0 adults and 0 owlets

No population numbers for Hawaiian short-eared owl are available for the island of O'ahu or any of the
other Hawaiian Islands. However, given the rate of assumed loss (0.33 adults and 0.31 owlets), it is
unlikely that the proposed project would cause a significant impact on the Hawaiian short-eared owl
population on O'ahu. The Applicant’s proposed mitigation for the anticipated take will contribute to a
greater understanding of the species’ occurrence and status on O'ahu, which in turn will help guide
future management and recovery efforts and should result in an overall net conservation benefit for
the species.

Higher levels of take may impact the O'ahu population if its population is small, but such take would
not be expected to affect the status of the species on other islands. However, realization of take at
higher levels is considered extremely unlikely to occur because Hawaiian short-eared owl have been
heard only once at the Kahuku Wind Power site over the course of 15 months of surveys, and given
the results of the monitoring surveys performed at KWP on Maui. However, the proposed mitigation
for the Higher take levels will contribute to a greater understanding of the species’ occurrence and
status, which in turn will help guide future management and recovery efforts and should result in an
overall net conservation benefit for the species.

Hawaiian Short-eared Owl Mitigation

Monitoring of population trends and documentation of habitat occupancy were identified as key
monitoring and conservation priorities for the Hawaiian short-eared owl by the Hawai'i Comprehensive
Wildlife Conservation Strategy (Mitchell et al. 2005). This was because of a lack of basic life history
information on the Hawaiian short-eared owl, making management techniques to enhance Hawaiian
short-eared owl populations on O'ahu hard to identify and their effectiveness difficult to quantify
because of an absence of adequate baseline studies.

7 The expected 20-year rate was derived by multiplying 0.33 owls/year by 20 years and rounding up to the nearest
whole integer. The requested 20-year authorization was increased from 7 to 8 because it is expected that total
direct take will always be assessed in multiples of two.
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Mitigation targets have been identified based on the levels of take identified as “"Baseline” or “Higher.”
On-site post-construction monitoring will be used to determine actual rates of Hawaiian short-eared
owl take. Initial mitigation is intended to compensate for take at Baseline level. If post-construction
monitoring shows that take is actually occurring below or in excess of Baseline level, adjustment to
mitigation efforts would be made as described below.

Baseline Mitigation for the Hawaiian Short-eared Owl

Mitigation for possible take of the Hawaiian short-eared owl by Kahuku Wind Power will consist of
three parts: funding research; rehabilitation of injured owls; and subsequently implementing
management actions on O'ahu as they are identified and as needed to bring mitigation ahead of take
(i.e., provide a net benefit). Therefore, upon issuance of the incidental take permit, Kahuku Wind
Power will contribute $25,000 to appropriate programs to support owl research and rehabilitation.

As little is known about the life history of the Hawaiian short-eared owl, research could be designed to
develop protocols to monitor Hawaiian short-eared owl populations, determine habitat use and
preferences and evaluate the effectiveness of habitat management techniques. Concurrently, funding
will also be used to develop a rehabilitation program for Hawaiian short-eared owls that are found
injured (such due to vehicular collisions) and brought in by the public or agencies.

The allocation of funds to research and rehabilitation will be determined by DLNR and USFWS. The
research funding may be used for (but not limited to) the purchase of radio transmitters, receivers, or
provide support for personnel to conduct research such as a population census. However, these funds
will be used for whatever management or research activity is deemed most appropriate at the time,
with the concurrence of USFWS and DLNR.

The rehabilitation program could consist of training selected veterinarians in the assessment and
appropriate care of injured Hawaiian short-eared owls. This would in turn enable the veterinarians to
obtain the necessary permits required to handle the state-endangered birds. Other possible funding
applications could be a public outreach program where the public would be informed of the
appropriate steps to take upon encountering an injured Hawaiian short-eared owl. The allocation of
funds for owl rehabilitation will be determined by DLNR and USFWS and will be used for whatever
rehabilitation activity is deemed most appropriate at the time. Hawaiian short-eared owls
rehabilitated under the funding of Kahuku Wind Power will be credited as compensation for take that is
incurred at the Kahuku Wind Power facility.

It is anticipated that the research conducted will result in the identification of practicable management
actions that will aid in the recovery of Hawaiian short-eared owl populations on O'ahu. At this point,
Kahuku Wind Power will provide additional funding of $25,000 up to a maximum of $50,000 to
implement a chosen management measure as agreed upon by USFWS and DLNR. The level of funding
provided for management will be decided with the concurrence of DLNR and USFWS and will be used
to compensate for the Baseline requested take (adjusted for take already mitigated for in the
rehabilitation program) and also provide a net benefit to the species.

Mitigation for Higher Rates of Take of the Hawaiian Short-eared Owl

If monitoring indicates a Higher level of take, Kahuku Wind Power will provide additional funding of
$15,000 for increased owl research and rehabilitation. Examples of possible research include studies
of where Hawaiian short-eared owls are likely to breed, quantification of productivity, or developing
and testing the effectiveness of management techniques. However, should research indicate that
other areas of study are more important or pressing in aiding the recovery of the species, in
concurrence with USFWS and DLNR, these funds will be used for whatever management or research
activity is deemed most appropriate at the time.

This funding will be followed by an additional $15,000 up to a maximum of $30,000 for implementing
chosen management actions as they become available, with the concurrence of USFWS and DLNR. The
level of funding provided for management will be decided upon with concurrence of DLNR and USFWS
and will be commensurate with take and also provide a net benefit to the species.
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Mitigation for Lower Rates of Take of the Hawaiian Short-eared Owl

Because it is proposed to provide $25,000 up-front for owl research under the Baseline scenario, the
Baseline rate of mitigation will have been committed prior to identification of any Lower rate of take.
Consequently, no adjustment to the Baseline mitigation effort would be made if monitoring surveys
indicate a rate of take below the Baseline level.

Measures of Success for the Hawaiian Short-eared Owl

The success of the mitigation efforts will be determined as follows:

1. Funding for owl research will be considered successful if within 6-months of issuance of the
ITL, Kahuku Wind Power contributes $25,000 to an appropriate program to support owl
research and rehabilitation. Or if upon entering a Higher Take level, an additional $15,000 is
provided for research within 6-months of the determination;

2. Implementation of management measures will be considered successful if Kahuku Wind Power
contributes $25,000 to $50,000 (for take at or below Baseline) plus an additional $15,000 to
$30,000 (in the event of Higher Take) to fund management that is commensurate with the
requested take for the required tier, and the management is carried out and is demonstrated
to provide a net benefit to the species. Criteria for the success of the management measures
will be determined when the protocols for the chosen management measures are developed.

To ensure the success of the mitigation effort, Kahuku Wind Power will establish a $75,000 Hawaiian
Short-eared Owl Contingency Fund. The fund will be compounded at 2.5% annually over the entire
20-year term of the HCP resulting in a total possible maximum of $122,896 (if left unused at year 20).
If the fund is drawn upon at any time, the interest will continue to accrue for the remaining balance.
This fund will be available to implement adaptive measures to ensure that mitigation is commensurate
with the actual take. If at the end of the 20-year period the mitigation is still not commensurate with
actual take, any remaining contingency funds will be used for further mitigation efforts.

Hawaiian Hoary Bat

Based on surveys conducted to date, a low but consistent level of Hawaiian hoary bat activity occurs
on site. There has been one other confirmed sighting of a Hawaiian hoary bat at PUpukea on the
North Shore of O'ahu in 2002 (T. Menard, pers. comm.). Monitoring suggests that bats may
potentially occur in very low numbers year-round at the project area with some small increase in
activity between June and September. Post-construction monitoring at the KWP facility on Maui has
demonstrated that bat activity there is also low. A single observed direct take has occurred at KWP
after more than 3-years of post-construction monitoring.

Extensive monitoring of bat activity at existing wind farms has shown a strong positive relationship
between the total number of bat passes/detector/night with the estimated total fatalities/turbine/year
determined through observed fatalities (Kunz et al. 2007). Essentially, the number of bat
fatalities/turbine/year is almost equivalent to the number of bat passes per night for each detector on
site (see Table 12). The data on echolocation passes reported in these studies did not distinguish
among species so it is not possible to know if the correlation between mortality and bat call rates
holds for all species. Moreover, echolocation calls were recorded at different heights at some sites and
only at ground level at others.

Unfortunately, the echolocation call data for the above studies were all collected after the wind energy
facilities were constructed. It is unclear whether pre-construction bat pass data, such as is available
for the Kahuku Wind Power site, can fairly be used to estimate operational fatality rates. Operational
monitoring has shown relatively high bat mortality rates at some wind power sites where no bat
activity was recorded during pre-construction surveys, suggesting that certain bat species, especially
migratory tree (Lasiurus) bats, may be attracted to wind turbines (Kunz et al. 2007). Other research
suggests that clearing for wind projects in wooded habitats can alter how and where bats hunt for
food. As a result, pre-construction investigations of bat activity in wooded habitats may not provide
an accurate prediction of where and how many bats will occur in the post-construction landscape.
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Table 12. Fatality rates and bat activity indices at 5 wind-energy facilities on the mainland
United States (from Kunz et al. 2007).

1 Bat mortality Bat activity Detector

Sy EreE Dilias o Siuty (no./turbine/yr) (no./detector/night) nights SeUTTEs

Mountaineer, 31 Aug- Eloils’::\r/]::it(;nBat

WV 11 Sep 2004 38 38.2 33 ;
International,
unpubl. data

Buffalo 1 Sep 2000- .

Mountain, TN 30 Sep 2003 20.8 23.7 149 Fiedler 2004

15 Mar-15 Dec .

Top of Iowa, IA 2003, 2004 10.2 34.9 42 Jain 2005

Buffalo Ridge, 15 Mar-15 Nov Johnson et al.

MN 2001, 2002 2.2 2.1 216 5004

Foote Creek 1 Nov 1998-31

Rim, WY Dec 2000 1.3 2.2 39 Gruver 2002

1 Sample periods and duration of sampling varied among studies, with no fatality assessments
conducted or bat activity monitored in winter months.

The Anabat remote data-loggers used on-site resulted in measurement of approximately 0.016 call
sequences/detector/night or 0.010 bat passes/ detector/night. Take estimates for Hawaiian hoary bat
for the Kahuku Wind Power project are calculated with the following assumptions:

1) that changes in landscape and construction of turbines do not attract bats to the area;

2) that post-construction bat activity remains the same as the measured pre-construction bat
activity; and

3) the number of bat fatalities/turbine/year is equivalent to the number of bat passes/night
for each detector on site (as shown by Kunz et al. 2007)

However, since the level of bat activity is already very low, the estimated take of bats per turbine is
based on the number of call sequences per detector night, rather than the number of bat passes
(Assumption 3) in order to give a more conservative fatality estimate. Based on these assumptions,
the estimated average rate of take for the Kahuku Wind Power project is 0.016 bats/turbine/year.
This equates to a total average take of 0.19 bats/year for all 12 turbines on the site. It therefore
seems reasonable to assume that the average direct take will be much less than one bat per year for
the entire project. Bat activity at the Kahuku Wind Power project area was similar to the post-
construction bat activity recorded at the Kaheawa Wind Power project, which had an activity rate of
0.014 bat call sequences/detector/night (SWCA and First Wind 2010). One observed fatality has been
recorded at the KWP facility after 3.5 years of project operation.

Potential for bats to collide with met towers on-site and off-site microwave towers and overhead
cables, utility poles, other associated structures or cranes is considered to be negligible because they
would be immobile and should be readily detectable by the bats through echolocation. While the guy
wires on the temporary met towers may pose a somewhat greater threat to bats, bats while present
at KWP on Maui, have not been found to have collided with the guyed met towers after three years of
operation nor with any cranes during the construction phase of that project. Of 64 wind turbines
studied at Mountaineer Wind Energy Center in the Appalachian plateau in West Virginia, bat fatalities
were recorded at operating turbines, but not at a turbine that remained non-operational during the
study period. This supports the expectation that presence of the stationary structures such as met
tower and cranes should not result in bat fatalities (Kerns et al. 2005).

However, if in the unlikely event a bat mortality is found in the future and that mortality can be
attributed to the on-site construction cranes, Kahuku Wind Power on-site or off-site microwave
towers, associated overhead cables or utility poles, Kahuku Wind Power LLC will mitigate for that loss
at a level commensurate with any take recorded on-site.
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After commissioning, the lease for both offsite microwave tower sites may be turned over from
Kahuku Wind Power LLC to HECO. If so, any take responsibility associated with potential take at the
off-site tower may be transferred as well. The transfer of responsibility would be determined in
consultation with DLNR and USFWS.

Hoary bats are thought to move to higher elevations during the months of January through March
(Menard 2001), and so may be less prevalent in the project area during those months. The limited
bat activity data collected to date collected at Kahuku Wind Power also suggest that this may be
occurring but not conclusively. However, as there is generally little information on hoary bats on
O'ahu, it is assumed that levels of bat activity on-site remain constant throughout the year.
Consequently, adult bats are considered to have equal potential to collide with turbines throughout the
year and regardless of breeding status.

Hawaiian hoary bats breed between April and August (Menard 2001). Females are solely responsible
for the care and feeding of young, and twin pups are typically born each year, although single pups
sometimes occur. To date, no breeding records for Hawaiian hoary bat exist for O'ahu, however, any
female bats directly taken from April through August will be examined and, if determined to be
pregnant or lactating, indirect take will be assessed. No indirect take will be assessed for female bats
found at other times of year, or for male or immature bats found at any time of year. The rate at
which indirect take will be assessed for pregnant or lactating female bats found during the months of
April through August is 1.8 juveniles per adult female, as indicated in Table 13 below (life history data
can be found in the HCP).

As indicated, the average rate of direct take of Hawaiian hoary bats expected as a result of project
operations is 0.19 bats per year. Indirect take associated with this level of direct take would either be
zero or 0.34 juveniles per year (0.19 x 1.8 = 0.34). This yields an expected average rate of take of
less than 0.53 bats per year.

Table 13. Calculating indirect take for the Hawaiian hoary bat.

" Average no. of Likelihood of Parental .
Hawaiian . . . . o Indirect take
hoary bat Season juveniles per pair breeding contribution (A*B*C)

(A) (B) ©
Apr-Aug
Female Pregnant or 1.8 1.0 1.00 1.80
lactating
Female Sep-Mar -- 0.0 -- 0.00
Male All year -- 0.0 0.00 0.00
Immature All year - 0.0 -- 0.00

The DLNR and ESRC have recommended that annual take limits allow for at least one observed take
a year. Again, because of assumptions concerning unobserved direct take, any one (1) Hawaiian
hoary bat found to have collided with a project component in a year will lead to an assessment of total
direct take for that year of greater than 1 likely to be rounded up to 4 bats (based on expected results
from searcher efficiency and scavenging rates at Kahuku Wind Power). Existing literature on adjusting
total direct take for bats suggest that a ratio of one observed take to three unobserved takes is not
unreasonable and may be conservative (e.g. Arnett et al. 2005, Jain et al. 2007, Fiedler et al. 2007,
First Wind and Kaheawa Wind Power 2008). While the other bats taken under this scenario would be
assumed and, therefore, of unknown age or gender, it will be assumed that all Hawaiian hoary bats
taken through “unobserved direct take” will be adults and will have a 50% chance of having been
female (based on the sex ratio of males to females during the breeding season). In addition, because
bats could be flying through the project area at any time of year, the likelihood of a bat being in
breeding condition is assumed to be 33%. This is based in the information that Hawaiian hoary bats
have one brood a year, and are expected to be breeding four months of the year (a three month
gestation period followed by parental care for one month, NatureServe 2008). Consequently,
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following the above table, indirect take will be assessed to bats lost through “unobserved direct take”
at the rate of 0.30 juveniles/bat (05. x 0.33 x 1.8 = 0.30).

Indirect take assessed to a total direct take of 4 bats could range up to 3 juveniles (1.80 + 0.30*3 =
2.7). Consequently, the Applicant suggests the Baseline ITL should allow for a total direct take of 4
adult or volent juvenile Hawaiian hoary bats and the indirect take of up to 3 dependent juvenile bats
per year of project operation. Expected rates of take and rates of take requested to be authorized by
the ITL through the expected 20-year life of the project are summarized below, along with rates of
take considered to qualify as “Lower” and “Higher.”

Expected Rate of Take
Average 0.19 adults/immatures and 0.34 juveniles 0.54 bats/year
20-year project life 4 adults/immatures and 7 juveniles

Requested ITL Authorization

Baseline annual level of take 4 adults/immatures and 3 juveniles 7 bats/year
5-year limit of take 10 adults/immatures and 8 juveniles
20-year limit 12 adults/immatures and 9 juveniles

Higher Rate of Take

One-year period Total direct take of 5 - 8 adults/immatures and 3 - 6 juveniles

5-year period Total direct take of 11 -12 adults/immatures and 8 - 9
juveniles

20-year period Total direct take of 13 - 18 adults/immatures and 9 - 14
juveniles

Lower Rate of Take
5-year period Total direct take of 0 adults/immatures and 0 juveniles

No recent population estimates exist for Hawaiian hoary bat, though previous estimates have ranged
from several hundreds to several thousands (Tomich 1969, Menard 2001). The bat population on the
island of Hawai'i is estimated to be in the tens of thousands (F. Bonnacorso/USGS, pers. comm.). The
Recovery Plan for the Hawaiian Hoary Bat (USFWS 1998) states “since no accurate population
estimates exist for this subspecies and because historical information regarding its past distribution is
scant, the decline of the bat has been largely inferred.” Although overall numbers of Hawaiian hoary
bats are believed to be low, they are thought to occur in the greatest numbers on the Island of Hawai'i
and Kaua'i (Menard 2001).

The identified Baseline Take level is low and is considered unlikely to result in a significant impact on
the overall population of the Hawaiian hoary bat. Higher levels of take may begin to impact the O‘ahu
population, if the population is very small, but they would not likely impact the status of the species
on other islands where populations are assumed to be more robust. The Applicant’s proposed
mitigation for the anticipated take will contribute to a greater understanding of the species’ status on
O'ahu, which in turn will help guide future management and recovery efforts and should result in an
overall net conservation benefit for the species.

Hawaiian Hoary Bat Mitigation

Because of the lack of life history information on the Hawaiian hoary bat, research is identified as one
of the key components in the recovery of this subspecies. The Recovery Plan for the Hawaiian Hoary
Bat (USFWS 1998) states that “"Research is the key to reaching the ultimate goal of delisting the
Hawaiian hoary bat because currently available information is so limited that even the most basic
management actions cannot be undertaken with the certainty that such actions will benefit the
subspecies.”

Recent research by Gorresen et al. (2008) on Hawaiian hoary bat detectability and occupancy has

identified several key areas of research required to improve life history knowledge. The areas
identified are:
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Determining bat occupancy in different habitats

Determining bat distribution across seasons on a local and regional scale
Determining seasonal and daily peak bat activity periods

Monitoring of population trends

Development and implementation of a survey and monitoring program remains a high priority and a
key recovery objective for the Hawaiian hoary bat (Gorresen et al. 2008, USFWS 1998).

Mitigation targets have been identified based on the levels of take identified as “Baseline” or “Higher.”
On-site monitoring during operations will be used to determine the tier at which Hawaiian hoary bat
take is occurring. Mitigation is intended to compensate for take at Baseline level. If monitoring shows
that take is actually occurring below or in excess of Baseline level, adjustment to mitigation efforts
would be made as described below.

Baseline Mitigation for the Hawaiian Hoary Bat

Mitigation for the Hawaiian hoary bat by Kahuku Wind Power was developed through discussions with
USFWS, DLNR, and bat experts at USGS, and involved identifying the most immediate needs required
for the recovery of the species. Based on the feedback received, the Applicant proposes a
combination of the following:

1. on-site surveys to add to the knowledge base of the species’ status on O'ahu;

2. on-site research into bat interactions with the wind facility;

3. implementation of bat habitat improvement measures to benefit bats as determined
based on the results of ongoing research, in consultation with DLNR, USFWS, and
ESRC

Bat Habitat Utilization at Kahuku Wind Power and Vicinity

Kahuku Wind Power LLC will continue to survey for and monitor Hawaiian hoary bats within and in the
vicinity of the Kahuku Wind Power project area. Surveys will be conducted during years when
systematic fatality monitoring is conducted (i.e., during the first two years and at five year intervals
thereafter, or as otherwise determined under the adaptive management provisions) to allow observed
activity levels to be correlated with any take that is observed. A critical component identified as
essential to Hawaiian hoary bat recovery is the need to develop a standardized survey protocol for the
Hawaiian hoary bat monitoring program to enable results collected by different parties to be directly
comparable. Therefore, the Applicant will expand or modify ongoing efforts to conform to USGS
(HBRC) protocols being used in the Hawaiian Islands. Kahuku Wind Power LLC will also join the
Hawai'i Bat Research Cooperative (HBRC) and as a contribution to the on-going research efforts in the
state, will conduct its own surveys and monitoring at Kahuku Wind Power and the vicinity. Twelve
anabat detectors will be deployed at Kahuku Wind Power and, if suitable sites are identified and
landowner permission is granted, in adjacent lands with other habitat types (e.g. gulches or ponds) or
in coastal wetland areas.

The goal of this research will be to document bat occurrence, habitat use and habitat preferences on
site, as well as identify any seasonal and temporal changes in Hawaiian hoary bat abundance. This
research will be an extension of a 5-year survey already underway on the Island of Hawai'i and
another that will shortly commence on Maui.

Research on Bat Interactions with the Wind Facility

In conjunction with the two year study to determine habitat utilization by bats at Kahuku Wind Power
and its vicinity, Kahuku Wind Power proposes to conduct additional on-site research that will
contribute to identifying areas of potential interactions and vulnerabilities of Hawaiian hoary bats at
wind facilities, as follows:

1. Kahuku Wind Power will survey for bat activity near turbine locations for the first two
years of operation using acoustic bat detectors. Surveys will also be conducted during
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years when systematic fatality monitoring is conducted. USGS (HBRC) monitoring
protocols will be used and adjusted if necessary. Thermal imaging or night vision
technology will be used to assist acoustic monitoring as trends are detected and would
follow similar protocols developed during pre-construction monitoring. The use of
additional techniques and technologies will also be considered. These data will be
analyzed in an effort to determine seasonal and daily peak bat activity periods on-site, and
comparison of data with pre-construction activity levels will help determine if bats are
being attracted to the wind facility.

2. Incidental bat observations will be recorded under the WEOP (see HCP).

This in-house research is expected to advance avoidance and minimization strategies that wind
facilities in Hawai'i and elsewhere can employ in the future to reduce bat fatalities.

Implementation of Management Measures

The Applicant will contribute an additional negotiated amount of $25,000 up to a maximum of
$150,000 to fund an appropriate management program. As recommended by DLNR, USFWS, and
ESRC that the measures if implemented as stipulated will be sufficient to mitigate for the Baseline
requested take and provide a net benefit to the species.

DLNR, USFWS, ESRC, and Kahuku Wind Power LLC will consult to determine the most appropriate
measures for implementation. Because the measures have not yet been determined, a budget range
for implementing measures has been established based on preserving or enhancing foraging and/or
roosting habitat capable of supporting a commensurate number of bats to achieve the mitigation
requirement. The Baseline requested take of 12 adult bats and 9 juveniles equates to a total of 15
adults (with an estimated 30% survival rate of juveniles to adulthood). The core area for an adult bat
is estimated to be 13.3 ac (5.4 ha), therefore, a total area of approximately 200 ac (82.5 ha) may be
required for 15 adults, assuming no spatial overlap and no empty territories. One preliminary option
to improve bat habitat was developed during discussion with DLNR and is listed below.

Native habitat plant restoration at a previously burned forest on Maui was identified as one option for
enhancing bat habitat. The Polipoli area of the Kula Forest Reserve in East Maui was burned by a
wildfire in 2007. A total of approximately 2,300 acres of forested public lands, including the Polipoli
area, within Kula Forest Reserve was burned at this time. This burn unit was dominated by mature
closed canopy forest comprised primarily of pines, cypresses, and redwoods. One of the goals in the
restoration of this burned unit was to enhance native species habitat and native ecosystem recovery
(DLNR 2007b). This unit was known to support a variety of native birds and the Hawaiian hoary bat
before the wildfire (F. Duvall/DOFAW, pers. comm.). The initial outplanting has been completed and
50, 30 and 20 percent of the 1,800 acre reforestation areas were planted with native trees (koa - ohia
mixture), redwoods, and grass/shrublands, respectively.

DLNR has identified a need for funding for native habitat plant restoration which consists of
supplemental planting to replace seedling mortality, implementation of rodent control, weed control
and fertilization programs to enhance tree seedling survival and forest establishment. Kahuku Wind
Power will support native habitat plant restoration for the entire 1,800 ac reforestation area, estimated
to cost $125,000 in 2010 or $100,000 for the year 2011. Alternatively, funding may be used to
conduct native habitat plant restoration at the Polipoli area for two years. The funding will be
provided to support the plantation native habitat plant restoration which will be conducted by a
qualified contractor or personnel approved by DLNR or USFWS.

It is anticipated that the measure outlined above or any others that are developed in the future will be
conducted in partnership with other conservation groups or entities and that these activities will
complement other restoration, reforestation or conservations goals occurring in that area at the time.
The allocation of the funds for any mitigation measure would be determined by the Applicant in
consultation with USFWS and DLNR. Funds will be directed toward whatever management or research
activity is deemed most appropriate at the time.
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Mitigation for Higher Rates of Take of the Hawaiian Hoary Bat

Should Kahuku Wind Power exceed the Baseline rate of take Kahuku Wind Power will immediately
implement low wind-speed curtailment by increasing the cut-in speed of all turbines (or a subset of
turbines if so determined by DLNR and USFWS) from their normal operation to 5m/s during periods
when bats are active, approximately from dusk till sunrise. Low wind speed curtailment will be
implemented unless there is strong evidence that the observed fatalities are a result of some other
cause that can be corrected by other means. The final determination of whether to implement low
wind speed curtailment will be made by DLNR and USFWS, in consultation with Kahuku Wind Power.

Recent studies on the mainland indicate that most bat fatalities occur at relatively low wind speeds,
and consequently the risk of fatalities may be significantly reduced by curtailing operations on nights
when winds are light and variable. Research is suggesting this may best be accomplished by
increasing the cut-in speed of wind turbines from their normal levels (usually 3.5 or 4 m/s, depending
on the model). Research conducted by Arnett et al. (2009) found that bat fatalities could be reduced
by 53-87 percent when cut-in speed was increased to 5 m/s. No significant additional improvement
over this level was detected when the cut-in speed was increased to 6.5 m/s. Because power
increases exponentially with wind speed, at low wind speeds the power loss is generally modest,
however, incrementally increasing the cut-in speed above 5 m/s results in an exponential increase in
lost power. These findings are encouraging and hold promise for reducing fatalities at projects where
bat fatalities have been found to be high.

The times of the year when curtailment is implemented (i.e. year-round or seasonal) at Kahuku Wind
Power will be decided based on bat detection data on site, seasonal distributions of observed fatalities
on site, and best available science, with concurrence from USFWS and DLNR.

In addition to the immediate implementation of low-wind speed curtailment, Kahuku Wind Power will
review the fatality records in an effort to determine whether additional measures can be implemented
that will reduce or minimize take. If causes cannot be readily identified Kahuku Wind Power will
conduct supplemental investigations that may include but not be limited to:

1. additional analysis of fatality and operational data;

2. deployment of acoustic bat detectors to identify areas of higher bat activity during periods
when collisions are believed to be occurring;

3. using thermal imaging or night vision equipment to document bat behavior; and

4. determining whether certain turbines are causing most of the fatalities or if fatality rates
are related to specific conditions (e.g., wind speed, other weather conditions, season).

Other measures to reduce bat fatalities will be implemented as identified and feasible and may include
changes in project operations such as modifying structures and lighting, and implementing measures
to repel or divert bats from areas of high risk without causing harm if practicable. These data may also
be used to refine low-wind speed curtailment options, such as determining the times of year when
curtailment is mandatory, or if curtailment can be confined to a subset of “problem” turbines. These
additional measures will be implemented by Kahuku Wind Power with the concurrence of USFWS and
DLNR.

An additional negotiated amount of $15,000 up to a maximum of $75,000 will also be provided to
implement appropriate Hawaiian hoary bat management measures when identified. This budget range
has been determined based on an expenditure of up to 50% above the maximum Baseline budget,
which is reasonable considering that provisions for low-wind speed curtailment would be triggered
before the 20-year Baseline take levels are reached. This funding will be used to conduct mitigation
measures that will be deemed to be appropriate to compensate for the requested take at the Higher
tier. The most appropriate mitigation measure to be implemented will be determined in consultation
with DLNR and USFWS.

Mitigation for Lower Rates of Take of the Hawaiian Hoary Bat

As the proposed Baseline mitigation will be carried out within the first two years of project operation,
no change to mitigation measures will occur should a Lower rate of take be determined.
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Measures of Success for the Hawaiian Hoary Bat

The success of the mitigation efforts will be determined as follows:

1. Both components of on-site research into Hawaiian hoary bat habitat utilization and bat
interaction with wind facilities will be considered successful if Kahuku Wind Power joins the
HBRC and the specified survey and monitoring is carried out, including proper deployment
and operation of bat detectors, data reduction and analysis, and reporting of findings to
DLNR, USFWS and ESRC;

2. In the event that Kahuku Wind Power exceeds the Baseline rate of take measures to
reduce bat fatalities will be considered successful if one or more causes can be identified
and corrective measures are implemented that result in an estimated 50 percent or
greater reduction in bat fatalities over previous levels when averaged over a five-year
period;

3. Implementation of management measures will be considered successful if Kahuku Wind
Power contributes $25,000 to $150,000 (for take at or below Baseline) within 6-months of
beginning project operations, plus an additional $15,000 to $75,000 (for Higher Take upon
exceeding the 20-year Baseline requested take) within 6-months of the determination, to
fund management that is commensurate with the requested take at the required tier, and
the management is carried out and is agreed upon by USFWS and DLNR to provide a net
benefit to the species.

To ensure the success of the mitigation effort, Kahuku Wind Power will establish a $100,000 Hawaiian
Hoary Bat Contingency Fund. The fund will be compounded at 2.5% annually over the entire 20-year
term of the HCP resulting in a total possible maximum of $163,861 (if left unused at year 20). If the
fund is drawn upon at any time, the interest will continue to accrue for the remaining balance. This
fund will be available to implement adaptive measures to ensure that mitigation is commensurate with
the requested take of the required tier. The fund will also be used to implement measures to reduce
the likelihood of collisions on site or the protection of roost sites as identified by USFWS and DOFAW.
If at the end of the 20-year period the mitigation is still not commensurate with actual take, any
remaining contingency funds will be used for further mitigation efforts.
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Fecbruary 19, 2010
Sharon Thomas, Environmental Protection Specialist LOG NO:; 2010.0344
Department of Energy DOC NO: 1002NM37
Washingon DC 2055 Archacology

Dear Ms. Thomas:

SUBJECT:  National Historic Preservation Act — Section 106 Compliance —
A Comprehensive Archaeological Survey at the First Wind Kahuku Wind Power
Praject Area
Kahuku Ahupua’a, Koolauloa District, *Oahu, Hawai‘i
TMK: (1) 5-6-005:007 and 014

Thank you for providing us the opportunity to review the 4 Comprehensive Archaeological Survey at the
First Wind Kaluku Wind Power Project Area [Rechtman, Ph.D., Rechtman Consulting, 2009]. The
inventory covers 230 acres. One site 4707 which was previocusly identified and which is related to the
plantation era and the irrigation ditch system is for features outside the APE were found. It is significant
under criteria D and eligible for the Hawaii State and National Register of Historic Places. We concur with
this finding.

Site 4707 is not functional, in the state of disrepair and lost its integrity. Information has been collected
during this study to warrant a no historic properties affected by this project. We concur with this
determination

Please contact me at (808) 692-8015 if you have any questions or concerns regarding this letter.

@,@ W pden

Nancy A. McMahon (Deputy SHPQO),
Archacology and Historic Preservation Manager

C: Bob Rechtman, Rechiman Consulting




Department of Energy
Washington, DC 205856

January 20, 2010

Ms. Nancy A. McMahon

Deputy SHPO

State Historic Preservation Division
Kakuhihewa Building, Room 555
601 Kamokila Boulevard

Kapolei, HI 96707

Dear Ms. McMahon:

The Department of Energy (DOE) is preparing an Environmental Assessment (EA) under the
National Environmental Policy Act for a Federal loan guarantee to Kahuku Wind Power, LLC
(First Wind) to support construction of a new 30 megawatt (MW) commercial wind energy
generation facility on the northeastern portion of O‘ahu, Hawai‘i, This letter is to request
concurrence on a “finding of no historic properties affected” for the First Wind project on the
basis of those materials required by 10 CFR Part 800.11d (1) through (3).

1) A description of the undertaking, specifying the Federal involvement, and its area of
potential effects (APE), including photographs, maps, drawings, as necessary:

The proposed action evaluated by DOE in its EA is to issue a loan guarantee to First Wind for its
wind energy generation facility, which would consist of 12 Clipper LibertyTM 2.5 MW wind
turbine generators, an operation and maintenance building, one permanent meteorological tower,
one on-site and two off-site microwave towers, seven microwave dishes, an electrical substation,
a Battery Energy Storage System, and a network of unpaved service roadways.

Tnn consultation with you, an APE was decided upon for this study (Attachment 1). The APE
consists of approximately 230 acres within Tax Map Parcels (TMK:1-5-6-05:007 and 014)
located in Kahuku Ahupua‘a, Ko‘olauloa District, Island of O‘ahu. The subject property is
located to the west of the town of Kahuku, south of Kamehameha Highway (Hwy 83),
approximately 2.5 kilometers inland from the coast. It is currently used for cattle ranching, but
historically, nearly the entire arca was planted in sugarcane as part of the Kahuku Plantation
Company’s fields. The subject property is bounded by large parcels that are also used for cattle
ranching, diversified agriculture, and military training. Elevations range from 40 to 400 feet
above sea level, A detailed description of the APE is included in the attached report, 4
Comprehensive Archaeological Survey of the First Wind Kahuku Wind Power Project Area in
Compliance with Section 106 of the National Historic Preservation Act (Attachment 2).

Once complete, the power generating facility would be incorporated into the Hawaiian Electric
Company’s (HECO) power grid, and First Wind would be required to establish a high-speed
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communications system using microwave radio technology in order to protect the electrical grid
in casc of outages. The microwave communication system would involve the placement of line
of sight microwave dishes at several locations (both on and off-site) between the project area and
the two HECO electrical substations located at Wahiawa and Waialua. Seven locations would be
utilized for the placement of microwave dishes. Two of these would be within the existing First
Wind project area and their placement is within the established APE for the wind energy project.
Three would be a co-location on existing communications towers, and thus would have no effect
on historic propertics; and two would require the construction of new towers. Of this latter
category, one would be located within the HECO Waialua Substation in Haleiwa (TMK: 1-6-6-
018:037) and the other would be located on agricultural land at “Flying R Ranch” in Waialua. A
detailed description of the tower locations, including maps and pictures, has been provided in
Attachment 3.

2) A description of the steps taken to identify historic properties, inclnding, as appropriate,
efforts to seek information pursuant to Part 800.4(b);

In addition fo conducting documentary research on previous archaeological studies, extensive
community consultation was conducted by First Wind and an intensive archaeological field
investigation was completed. The archaeological report referenced above has been prepared and
is attached (Attachment 2). As a result of the study, one State Inventory of Historic Places
(SIIIP) site was recorded within the APE. This site, STHP Site 4707 (retaining a site designation
for scemingly related features that exist outside of the current APE), incorporates the extensive
plantation infrastructure (primarily an irrigation network) that a review of historical archival data
indicates dates from the late nineteenth to the middie twenticth century. The nature and extent of
this site within the current APE is fully documented by the attached study,

In response to consultation with Native Hawaiian organizations and individuals within the
community, First Wind will preserve the coral bluff areas that are within the overall property
under their control, but outside the current APE.

Research and field investigations of the tower locations, including maps and pictures, are
provided in Atfachment 2.

3) The basis for determining that no historic properties are present or affected.

Based on our review of the project and the information attached, DOE has determined that no
historic properties would be affected by the proposed project and No Effect on Historic
Properties as defined in NHPA regulations would occur (36 CFR 800.16(b)).

As contained in the federal legislation and its implementing regulation (Section 106 of the
National Historic Preservation Act and 36 CFR Part 800, respectively), a resource must be
considered a historic property, that is a resource “listed or eligible for listing in the National
Register of Historic Places” before a determination of effects can be made. Regarding SIHP Site
4707, the significance of the site was evaluated based on National Register criteria (36 CFR §
60.4 (a) through (d)). Site 4707, although not functional and in a state of disrepair, does retain
sufficient integrity to be considered significant under criterion (d) for the historical information it




has yielded relative to the development of the sugarcane industry in Hawai‘i; however, DOE
believes that a reasonable and adequate amount of information has been collected about this
potential historic property during the current study such that no further mitigation is warranted,
and a no adverse effects determination for this site with respect to the proposed First Wind
undertaking is appropriate.

Regarding the microwave towers, HECO’s Waialua Substation is an already developed site, and
the placement of an additional tower within this site would have no effect on historic properties.
The proposed Flying R Ranch site was previously disturbed, and no archaeological resources
were encountered during the field investigation.

I, during construction activities, an unanticipated discovery of cultural materials or sites is
made, all excavation would cease and your office would be contacted. Appropriate consultation
requirements would be initiated and completed prior to any further disturbance of the discovery-
site area.

DOE would appreciate a concurrence on our determination of no effect. You may fax this
information to me at (202) 586-7809, send via email at sharon.r.thomas@hgq.doe.gov, or mail to
Sharon Thomas, U.S. Department of Energy, CF-1.3, 1000 Independence Ave. S.W.,
Washington, DC 20585. You may also contact me by phone at 202-586-5335 if you have any
questions.

Sincerely,

S Prorac

Sharon R. Thomas
Environmental Protection Specialist

Enclosures







Department of Energy
Washington, DC 20585

May 5, 2010

Mr. Clyde Namu‘o

Chief Executive Officer

Office of Hawaiian Affairs

711 Kapi‘olani Blvd., Suite 500
Honolulu, HI 96813

Dear Mr. Namu‘o:

As you are aware, the Department of Energy (DOE) is evaluating whether or not to issue a
Federal loan guarantee to Kahuku Wind Power, LLC (First Wind) to support construction of a
new 30 megawatt commercial wind energy generation facility on the northeastern portion of
O¢ahu, Hawai‘i. Thank you for reviewing the material prepared by DOE as part of the historic
resources review of the proposed project in compliance with Section 106 of the National Historic
Preservation Act and for your February 12 letter, which stated that the Office of Hawaiian
Affairs (OHA) concurs with DOE’s “finding of no historic properties affected” for the First
Wind project.

You requested additional information on the consultation process conducted for the proposed
new tower that would be situated within Kamananui Ahupua‘a, Waialua District, Island of
O‘ahu, also referred to as the Flying R Ranch site. As a result of on your request, DOE
undertook an effort to consult with knowledgeable individuals of Kamananui Ahupua‘a
regarding any culturally or historically significant resources at or surrounding the site. Based on
suggestions from OHA, three individuals were contacted regarding the site. Thomas Shirai, a
resident of Mokuleia, is unaware of any historic sites on or near the property. In an e-mail
communication dated April 15, he stated, “I can't recall any Hawaiian Cultural Sites in the area
of your potential site for your project. The sites I know of are located outside of your area.”
Kimo Armitage and Malia Evans, former residents of Haleiwa, were also contacted. Neither of
them is aware of any culturally or historically significant sites on the Flying R Ranch property.

Thank you again for your review and comment on the historic resources review conducted by
DOE for the proposed First Wind project. Your input and assistance is greatly appreciated.

Sincerely,

WW

Sharon R. Thomas
Environmental Protection Specialist
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PHONE (808) 594-1888 FAX (808) 594-1865

STATE OF HAWALI'
OFFICE OF HAWAIIAN AFFAIRS
711 KAPI'OLANI BOULEVARD, SUITE 500
HONOLULU, HAWAI' 96813

HRD10/4609B

February 12, 2010

Sharon R. Thomas, Environmental Protection Specialist
Department of Energy
Washington, DC 20585

Re:  National Historic Preservation Act and
National Environmental Protection Act consultation
Commercial wind energy gener atlon fac111ty '
Kahuku, Island of O’ahu

Aloha e Sharon R. Thomas,

The Office of Hawaiian Affairs (OHA) is in receipt of your January 20, 2010 letter with
enclosures initiating consultation pursuant to Section 106 of the National Historic Preservation
Act of 1966, as amended (36 CFR) and the National Environmental Protection Act for the
proposed construction of a commercial wind energy generation facﬂﬂy in Kahuku on the Island
of O’ahu.

The area of potential effect (APE) for this proposed undertaking has been determined to
be approximately 230 acres and an archaeological survey report for the APE was included with
your letter. It is our understanding that the entire APE was previously used for sugarcane
cultivation and cattle ranching. An archacological survey of the APE was conducted pursuant to
36 CEFR §800.4 and resulted in the designation of one historic property which has been identified
as the remnants of sugarcane field infrastructure. This historic property has been assigned
significance under “Criterion d” of the criteria used to consider eligibility for the National
Register of Historic Places. It is recommended that an adequate amount of information has been
collected and no further mitigation work is proposed. The Department of Energy has determined
that pursuant to 36 CER §800.5(b) this proposed undertaking warrants a “no adverse effect”
determination and OHA concurs with your determination.

We do request clarification on one of the seven locations which will be utilized for the
installation of a line of sight microwave communication system situated on towers. Two of these
locations are within the above mentioned APE, three will be placed on existing towers and one
will be placed on a tower constructed with a previously developed portion of the Hawaiian




Sharon R. Thomas, Enviromnental Protection Specialist
Department of Energy

Febroary 12, 2010

Page 2

Electric Company Waialua substation. OHA requests clarification on the final proposed new
tower which will be situated within Kamananui Ahupua’a. While the proposed location of
tower is has been previously bulldozed and is situated within a larger area currently used for
ranching and no historic properties are known to exist within a proposed access road corridor, it
is our hope that a consultation effort was initiated with knowledgeable individuals of Kamananui
Ahupua’a.

We do appreciate the summary of consultation efforts within Kahuku Ahupua’a detailed
in the archaeological report included with your letter. This consultation resulted in the
identification of the coral bluffs located within and adjacent to the APE as having a rich history
and retaining their significance to the Kahuku community. As a result, a commitment has been
made to preserve these coral bluff areas and to document their significance. OHA applauds these
efforts to truly listen and respond to the community through meaningful consultation

Thank you for initiating consultation. Should you have any questions, please contact
Keola Lindsey, Lead Advocate-Culture at (808) 594-1904 or keolal@oha.org,

‘O wau iho n6 me ka ‘oia‘i‘o,

Cl%)
Chief Executive Officer




Department of Energy
Washington, DC 20585

January 20, 2010

Mr. Clyde Namu‘o

Chief Executive Officer

Office of Hawaiian Affairs

711 Kapi‘olani Blvd., Suite 500
Honolulu, HI 96813

Dear Mr. Namu‘o:

The Departiment of Energy (DOE) is preparing an Environmental Assessment (EA) under the
National Environmental Policy Act (NEPA) for a Federal loan guarantee to Kahuku Wind
Power, L1C (First Wind) to support construction of a new 30 megawatt commercial wind energy
generation facility on the northeastern portion of O‘ahu, Hawai‘i. The wind energy generation
facility would consist of 12 Clipper LibertyTM 2.5 MW wind turbine generators, an operation
and maintenance building, one permanent meteorological tower, one on-site and two off-site
microwave fowers, seven microwave dishes, an electrical substation, a Battery Energy Storage
System, and a network of unpaved service roadways.

As part of this environmental review process, DOE is also conducting a historic resources review
in compliance with Section 106 of the National Historic Preservation Act (NHPA). To that end,
studies were completed (attachments enclosed), which after documentary research, consultation,
and field survey concluded that no historic properties would be affected. This letter is to notify
you of DOE’s “finding of no historic properties affected” for the First Wind project.

We would greatly appreciate receiving any comments ot concerns you may have within 30 days
of receipt of this letter. Please send written comments to me via fax at 202-586-7809, email at
sharon.r.thomas(@hgq.doe.gov, or mail to Sharon Thomas, U.S. Department of Energy, CF-1.3,
1000 Independence Ave. S.W., Washington, DC 20585. You may also contact me by phone at
202-586-5335 if you have any questions.

Sincerely,

Y. Honmeo

Sharon R. Thomas
Environmental Protection Specialist

Enclosures
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Thomas, Sharon (CF)

From: Thomas, Sharon (CF)

Sent: Wednesday, April 28, 2010 8:12 AM

To: 'Ralph Makaiau'

Cc: Kahea; Stephany Vaioleti; stibbardm003@hawaii.rr.com; Kent Fonoimoana; Jr Primacio

(primacioj002@hawaii.rr.com); olevaof@byuh.edu; kuilimaeast@hawaii.rr.com; David
Tanoue (info@honoluludpp.org); ddelacruz@honolulu.gov
Subject: RE: EA Kahuku Wind Power, LLC (First Wind)

Dear Mr. Makaiau:

Thank you for your March 12 e-mail note expressing the support of the Kahuku Community Association Board of
Directors for the Kahuku Wind Power LLC Wind Energy Generation Project. The proposed project is currently being
evaluated by the U.S. Department of Energy (DOE) for a Federal loan guarantee, and you were consulted regarding the
cultural resources study done on the project site. In addition to your note, we discussed your questions and comments
during our subsequent phone conversation on the proposed project, which are addressed in this response.

Flooding of agricultural lands adjacent to the site due to extreme rain events is one of your concerns. Flooding impacts
are address in the Environmental Assessment, and DOE determined that flood hazard would not increase as a result of the
proposed project. The occurrence of the flooding we discussed pre-existed Kahuku Wind Power LLC’s purchase of the
site, and none of the activities related to the proposed project would contribute to or increase flooding. Kahuku Wind
Power LLC has committed to work with the Natural Resources Conservation Service on plans for increasing the growth
of plants in the exposed areas surrounding the drainage ditch. Additional plants would help control the erosion of soil
caused by storm water flowing through the drainage ditch, and potentially help stabilize the water channel and reduce
flooding. Kahuku Wind Power LLC is also committed to continue working with local community associations to address
flooding concerns.

The bluff you identified in Figure 1 of the archeological survey at Kamehameha Highway at benchmark 19 as a cave-in
threat is not part of the proposed project site, nor would any of the activities on the site increase the potential for falling
rocks or rock slides.

You commented that power quality is a concern for the community and requested an independent monitoring station to
keep the community informed of the quality of power being added to the power grid. Power generated by the proposed
project would be sold to the Hawaiian Electric Company (HECO). HECO requires that Kahuku Wind Power LLC meet
several technical performance standards (including voltage control, frequency control, and ramp rate), which is how the
utility would ensure the quality of power going into their system. Only HECO would have information about the
characteristics of power coming out of their system. Since electricity customers are receiving power that HECO provides
to the end user, data provided by Kahuku Wind Power LLC on the power going into the system would not be of use to the
customer or community. HECO may be able to provide the type of information you’ve requested.

The proximity of the wind turbines to residences was another one of your concerns. Wind turbines on the proposed
project site would be at least 3500 feet from the nearest residentially zoned land and at least 1200 feet from the nearest
structure on agriculturally zoned land, which is outside the 1000 feet safety buffer zone you suggested.

Regarding community outreach, Kahuku Wind Power LLC has been engaged in a grassroots community outreach effort
since 2007 and has met with individuals, families and community organizations including the Kahuku Village
Association, Kahuku Community Association, Laie Community Association, and Defend Oahu Coalition. Kahuku Wind
Power LLC has visited neighborhoods in Kahuku to inform community members about the project and to provide a point
of contact for any questions about the project. In addition to working with the Kahuku community, the outreach efforts
have included individuals and organizations from neighboring communities in the Ko‘olau Loa district and on the North
Shore.

Throughout this process, Kahuku Wind has worked with community leaders, organizations, individuals, and families to
determine how best to become a long-term contributing member of the Kahuku, North Shore, and Ko‘olau Loa
1



communities. The ongoing dialogue established in these meetings have helped Kahuku Wind Power LLC to determine
how it can contribute to the community’s welfare, whether by working to prevent flooding, using the wind farm property
for agricultural activities, or supporting educational activities. Kahuku Wind Power LLC has worked with teachers at the
Kahuku High & Intermediate School to teach students about renewable energy and develop ways to incorporate the
development, construction, and operation of the wind farm into an educational opportunity for students. Kahuku Wind
Power LLC also donated $5,000 to help launch a renewable energy innovation center at the school and has continued to
work with teachers and community volunteers to utilize the center to encourage students’ interests in the fields of math,
science, engineering, and technology. Kahuku Wind Power LLC plans to continue working with the high school and local
community associations to support efforts related to education, flood minimization, and agricultural activities.

In response to your question about opportunities for community entities to share in alternative energy projects involving
DOE funding, information on what constitutes an eligible project for a loan guarantee is available on our website at
www.lgprogram.energy.gov. | also encourage you to look at other DOE programs, such as the Office of Energy
Efficiency and Renewable Energy at www.eere.energy.gov.

Thanks again for your comments. | enjoyed talking with you.
Sincerely,

Sharon Thomas
Environmental Protection Specialist
DOE

From: Ralph Makaiau [mailto:rmakaiau@tbrdevelopment.com]

Sent: Friday, March 12, 2010 5:07 PM

To: Thomas, Sharon (CF)

Cc: Kahea; Stephany Vaioleti; stibbardm003@hawaii.rr.com; Kent Fonoimoana; Jr Primacio
(primacioj002@hawaii.rr.com); Ralph Makaiau; olevaof@byuh.edu; kuilimaeast@hawaii.rr.com; David Tanoue
(info@honoluludpp.org); ddelacruz@honolulu.gov

Subject: DOE: EA Kahuku Wind Power, LLC (First Wind)

Dear Ms. Thomas,
| am in receipt of the DOE EA packet dated February 25, 2010. | am responding to you as the President of Kahuku
Community Association specifically to the EA. | would like to comment on several issues:

1. Regarding the study area and overall land parcel, present land contour lends itself to be a major contributor to
runoff sheet flooding into lands immediate east of parcel (State Ag Park). As an originating runoff contributor,
discharges are not directed (contradicts EA claim) to respective drainages such as Hoolapa Gulch, Kalaeokahipa
Gulch, Ohia Stream, Hospital Ditch, Kii Stream and as a result Ag lands mauka of Kamehameha Hwy are flooded
and eventually lands makai of Kamehameha Hwy become flood way/flood plain waters into Kahuku Village. EA
has no supporting information regarding 25 year, 50 year, 100 year or 500 year flood impacts. Kahuku would
like this runoff water to be removed as a threat to the Village, bird sanctuary, Ag farming, aqua culture farming..

2. Kamehameha Hwy at BM19 (Tanaka Store) Fig. 1. Study area (APE) location, North/Northeast coral bluff poses a
geological threat of cave-in to Kamehameha Hwy. This appears to be a land owner liability.

3. Power quality is a big concern for community. An independent monitoring station available to keep community
informed of quality power being added to power grid is requested.

4. Safety buffer zone of 1000 feet to neighboring Ag zoned land is acceptable; more for neighboring residentially
zone land.

5. Wind farming has its cultural shock impact/s, it is requested that First Wind have ongoing participation with
community relations greater than Native/Historical Hawaiian traditions. Agriculture/Aqua-cultural, Healthcare,
and Education are current significant contributors to this community, outside of the local PUC jurisdiction, is it
possible for community entities to share in alternative energy technology inclusive in DOE sponsorship?



The Kahuku Community Association Board of Directors is supportive of responsible alternative energy project specific to
First Wind and land parcel described.

Respectfully submitted,
Mahalo
Ralph



Department of Energy
Washington, DC 20585

February 25, 2010

Mr, Ralph Makaiau
56-134 Pualalea St
Kahuku, HI 96731-2051

Pear Mr. Makaiau:

The Department of Energy (DOE) is preparing an Environmental Assessment (EA) under the
National Environmental Policy Act (NEPA) for a Federal loan guarantee to Kahuku Wind
Power, LLC (First Wind) to support construction of a new 30 megawatt (MW) commercial wind
energy generation facility on the nottheastern portion of O‘ahu, Hawai‘i. The wind energy
generation facility would consist of 12 Clipper Liberty™ 2.5 MW wind turbine generators, an
operation and maintenance building, one permanent meteorological tower, one on-site and two
off-site microwave towers, seven microwave dishes, an electrical substation, a Battery Energy
Storage System, and a network of unpaved service roadways.

As part of this environmental review process, DOE is also conducting a historic resources review
in compliance with Section 106 of the National Historic Preservation Act (NHPA). To that end,
studies were completed (attachments enclosed), which after documentary research, consultation,
and field survey concluded that no historic properties would be affected. As a community leader
and participant in the public outreach conducted by First Wind, DOE is sending this letter to
notify you of DOE’s “finding of no historic properties affected” for the First Wind project.

If you have any comments, [ would greatly appreciate receiving them by March 31, 2010, Please
send written comments to me via email at sharon.r.thomas@hgq.doe.gov, or mail to Sharon
Thomas, U.S. Department of Encrgy, CF-1.3, 1000 Independence Ave. S.W., Washingfon, DC
20585. You may also contact me by phone at 202-586-5335 if you have any questions.

Sincerely,

Sharon R. Thomas
Environmental Protection Specialist

Enclosures
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RC-0488

EXECUTIVE SUMMARY

At the request of First Wind, in compliance with Section 106 of the National Historic Preservation Act (NHPA),
Rechtman Consulting, LLC has prepared this comprehensive archaeological survey report for the proposed
development of a wind farm (First Wind Kahuku Project Area) on TMKs:1-5-6-05:007 and 014 within Kahuku
Ahupua‘a, Ko‘olauloa District, Island of O‘ahu. In consultation with the State Historic Preservation Officer
(SHPO), an area of potential effects (APE) was decided upon for this study. The APE was defined given the
nature of the proposed development, the history of past land use, and the expressed community desire
(following extensive consultation) to preserve the coral bluff formations that exist within the subject property.
Areas containing these latter features will be identified as conservation easements, and there will be no
development activities planned for any areas outside of the defined roughly 230 acre APE.

The subject property is located to the west of the town of Kahuku, south of Kamehameha Highway (Hwy
83), approximately 2.5 kilometers inland from the coast. It is currently used for cattle ranching, but historically,
nearly the entire area was planted in sugarcane as part of the Kahuku Plantation Company’s fields. The subject
property is bounded by large parcels that are also used for cattle ranching, diversified agriculture, and military
training. Elevations range from 40 to 400 feet above sea level.

Three previously conducted archaeological studies included portions of TMK:1-5-6-05:007and 014 (Jensen
1989; Kennedy 1989; Stride et al. 2003). Collectively, these previous surveys resulted in the identification of
eighteen archaeological sites that contained a total of forty-two features. All but three of the previously recorded
sites were assigned State Inventory of Historic Places (SIHP) site numbers. None of these sites were identified
within the currently defined APE, although one site, STHP Site 4707 was assigned to an irrigation feature that is
no doubt related to the historic sugar plantation infrastructure that also exists within the current APE. The
historical record indicates that by 1935, irrigated sugarcane fields covered nearly the entire APE, which also
contained an artesian well and a several acre reservoir.

In an effort to identify historic properties, extensive community consultation was conducted by First Wind
and an intensive archaeological field investigation was completed. As a result of the current study one site was
recorded within the APE. This site, SIHP Site 4707 (retaining a site designation for seemingly related features
that exist outside of the current APE), incorporates the extensive plantation infrastructure (primarily an
irrigation network) that a review of historical archival data indicates dates from the late nineteenth to the middle
twentieth century. The nature and extent of this site within the current APE is fully documented by the current
study. As contained in the federal legislation and its implementing regulation (Section 106 of the National
Historic Preservation Act and 36 CFR Part 800, respectively), a resource must be considered a historic property,
that is a resource “listed or eligible for listing in the National Register of Historic Places” before a determination
of effects can be made. The significance of this site is evaluated based on National Register criteria (36 CFR §
60.4), which are as follows:

The quality of significance in American History, architecture, archaeology, engineering, and
culture is present in districts, sites buildings, structures, and objects that possess integrity of
location, design, setting, materials, workmanship, feeling, and association and,

(a) that area associated with events that have made a significant contribution to the broad
patterns of our history; or

(b) that are associated with the lives of persons significant in our past; or

(c) that embody the distinctive characteristics of a type, period, or method of construction; or
that represent the work of a master; or that possess high artistic values, or that represent a
significant and distinguishable entity whose components may lack individual distinction;
or;

(d) that have yielded, or may be likely to yield, information important in prehistory or history

Site 4707, although not functional and in a state of disrepair, does retain sufficient integrity to be
considered significant under Criterion d for the historical information it has yielded relative to the development
of the sugarcane industry in Hawai‘i, thus making the site potentially eligible for listing in the National Register
of Historic Places. However, it is suggested that a reasonable and adequate amount of information has been
collected about this potential historic property during the current study to warrant a no mitigation work
requirement, and thus a no adverse effects determination for this site with respect to the proposed Kahuku Wind
Power undertaking.

ii
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INTRODUCTION

At the request of First Wind, in compliance with Section 106 of the National Historic Preservation Act
(NHPA), Rechtman Consulting, LLC has prepared this comprehensive archaeological survey for the
proposed development of a wind farm (First Wind Kahuku Project Area) on roughly 230 acres (portions of
TMKs:1-5-6-05:007 and 014) within Kahuku Ahupua‘a, Ko‘olauloa District, Island of O‘ahu (Figures 1
and 2). In consultation with the State Historic Preservation Officer (SHPO), pursuant to 36 CFR
800.4(a)(1), an area of potential effects (APE) was decided upon for this study. The APE was defined given
the nature of the proposed development, the history of past land use, and the expressed community desire
(following extensive consultation) to preserve the coral bluff formations that exist within the subject
property. Areas containing these latter features will be identified as conservation easements, and there will
be no development activities planned for any areas outside of the defined roughly 230 acre APE.

This report not only contains a physical description of the APE, but also provides a culture-historical
context and a discussion of prior archaeological studies. This background information is used to develop a
set of expectations for the study area as well as provide the contextual information with which to assess any
historic properties that are identified within the APE.

Description of the APE

The APE consists of approximately 230 acres within Tax Map Parcels (TMK):1-5-6-05:007 and 014)
located in Kahuku Ahupua‘a, Ko‘olauloa District, Island of O‘ahu (see Figures 1 and 2). The study area is
located to the west of the town of Kahuku, south of Kamehameha Highway (Hwy 83), approximately 2.5
kilometers inland from the coast. It is currently used for cattle ranching, and it is bounded by large parcels
that are also used for cattle ranching, diversified agriculture, and military training. Elevations within the
study area range from 40 to 400 feet above sea level. This area is generally exposed to the prevailing
northeasterly winds that cross the coastline at average speeds of 18-20 knots (Jensen 1989). Temperatures
range from 65-85 degrees Fahrenheit, and the area receives on average 40-60 inches of rain per year
(primarily between late November and February) (Armstrong 1983).

No permanently flowing streams are present within the study area, but two named, intermittent
drainages, Kalacokahipa Gulch (running southwest to northeast across the northwestern portion of the
APE) and ‘Ohi‘a‘ai Gulch (running along the eastern boundary of the larger property outside of the APE),
are present along with several smaller, unnamed drainages. The drainages have created an up and down
topography of steep rocky slopes interspersed with relatively flat soil areas between (Figure 3). To the
north of the study area (nearer to the coast), and in a central area excluded from the APE, exposed coral
reef escarpments are present that formed during a time when the ocean stand was at a higher level. Due to
erosion, these steep escarpments are pocked with shallow overhangs and small caves. Several major soil
types are present within the project area. The soil types are listed in Table 1, and their distribution across
the project area is shown in Figure 4.

Nearly the entire APE was historically planted in sugarcane as part of the Kahuku Plantation
Company’s fields. Evidence of this use is present across the parcel in the form of earthen ditches, concrete
and metal flumes, and old roadways. Other remnants of sugarcane cultivation on the property include
concrete foundations, a dry reservoir, old utility poles, and a large metal water pipe line (Figure 5) that is
labeled “aqueduct” on the U.S.G.S. 7.5 minute series quadrangle for Kahuku (see Figure 1). Sugarcane was
grown in the area until 1971 when the plantation closed its doors (Dorrance and Morgan 2000), and the
project area became part of the Gunstock Cattle Ranch.
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Figure 2. Aerial view of Kahuku showing the study area.
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Figure 3. View to northeast of the project area from near the western boundary.

The study area is currently used as pasture for horses and cattle. It has a perimeter fence with several
internal paddock areas, a corral, and water troughs. Dirt roads provide driving access to many areas within
the parcel, and a paved road (Charlie Road) that is gated at the highway provides access to the property
itself along its northwestern edge. In recent times soil was taken from a large area in the southeastern
portion of the property to build a golf course at the nearby Turtle Bay Resort (Figure 6). Removal of this
soil, and the deterioration of the Kahuku Sugar Plantation irrigation system over time have led to some
severe erosion.

Owing to the historic and modern use of the project area for sugarcane cultivation and cattle ranching,
vegetation within the parcel consists primarily of a thick secondary growth of California grass (Urochloa
mutica), koa-haole (Leucaena glauca), Christmas-berry (Schinus teribinthifolius), and guava (Psidium
guajava) interspersed with stands of ironwood trees (Casuarina equisetifolia), all-spice (Pimenta dioica),
and various other non-native shrubs, vines, ferns, grasses, and weeds. The overall density of the vegetation
growth within the subject parcel (especially the grasses) varies depending on the time of year and the
amount of rain the area has received (Figures 7 and 8). In September of 2007, an area along the northern
parcel boundary (continuing on to the neighboring parcel) had been recently mechanically cleared of all
vegetation (Figure 9).
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Table 1. Identified soils within the general project area (from Foote et al. 1972).

Map unit

Soil Type

Soil Description

CR

KaeC

KaC

LaB

LaC

PeB

PeC

PeD

PeE

Coral outcrop

Kaena stony clay,
6 to 12 percent
slopes

Kaena clay,
6 to 12 percent
slopes

Lahaina silty clay,
3 to 7 percent
slopes

Lahaina silty clay,
7 to 15 percent
slopes

Paumalu silty clay,
3 to 8 percent
slopes

Paumalu silty clay,
8-15 percent
slopes

Paumalu silty clay,
15 to 25 percent
slopes

Paumalu silty clay,
25 to 40 percent
slopes

Coral outcrop consists of coral or cemented calcareous sand on the island of Oahu. The coral
reefs formed in shallow ocean water during the time the ocean stand was at a higher level. Small
areas of coral outcrop are exposed on the ocean shore, on the coastal plains, and at the foot of the
uplands. Elevations range from sea level to approximately 100 feet.

Coral outcrop makes up about 80 to 90 percent of the acreage. The remaining 10 to 20 percent
consists of a thin layer of friable, red soil material in cracks, crevices, and depressions within the
coral outcrop. This soil material is similar to that of the Mamala series.

This soil occurs on alluvial fans. Included in mapping were small areas of clayey, dark reddish-
brown soils that are moderately well drained to well drained.

In a representative profile the surface layer is very dark gray clay about 10 inches thick. The next
layer, 36 to more than 48 inches thick, is dark-gray and dark grayish-brown clay that has
prismatic structure. It is underlain by highly weathered gravel. The soil is very sticky and very
plastic, and it is mottled. It is slightly acid to neutral.

Permeability is slow. Runoff is slow to medium, and the erosion hazard is slight to moderate. The
available water capacity is about 1.4 inches per foot in the surface layer and about 1.7 inches per
foot in the subsoil. Workability is difficult because of the narrow range of moisture content within
which the soils can be cultivated. There are sufficient stones to hinder, but not prevent, cultivation.
The shrink-swell potential is very high. In places the soil is affected by seepage.

This soil has a profile like that of Kaena stony clay, 6 to 12 percent slopes, except that there are
few or no stones in the surface layer. Included in mapping were small stony areas at the higher
elevations.

This soil is on smooth uplands. Included in mapping were small areas that are underlain by
consolidated sand at a depth below 30 inches. Cobblestones are common on the surface in a few
places. In some places, near the coastal plains, the profile contains fragments of coral, stones,
gravel, or sand.

In a representative profile the surface layer is dark reddish-brown, silty clay about 15 inches
thick. The subsoil, about 45 inches thick, is dusky-red and dark reddish brown subangular blocky
silty clay and silty clay loam. The substratum is soft, weathered basic igneous rock. These soils
are medium acid in the surface layer and slightly acid to medium acid in the subsoil.

Permeability is moderate. Runoff is slow, and the erosion hazard is slight. The available water
capacity is about 1.3 inches per foot in the surface layer and about 1.4 inches per foot in the
subsoil. In places roots penetrate to a depth of 5 feet or more.

On this soil, runoff is medium and the erosion hazard is moderate. Included in mapping were
small, steep areas and areas where a few cobblestones and stones are on the surface.

On this soil, runoff is slow and the erosion hazard is slight. Workability is easy.

On this soil, runoff is slow to medium and the erosion hazard is slight to moderate. Workability is
slightly difficult.

This soil occurs as small, irregularly shaped areas. Included in mapping were small, eroded areas.

In a representative profile the surface layer and the subsoil are dark reddish-brown silty clay that
has subangular and angular blocky structure. The surface layer is about 9 inches thick, and the
subsoil is 30 to more than 60 inches thick. The substratum is highly weathered gravel. The soil is
very strongly acid in the surface layer and strongly acid to medium acid in the subsoil.

Permeability is moderately rapid. Runoff is medium, and the erosion hazard is moderate. The
available water capacity is about 1.3 inches per foot of soil. In places roots penetrate to a depth of
5 feet or more. Workability is difficult because of the slope.

On this soil, runoff is medium to rapid and the erosion hazard is moderate to severe.
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Fgure 5. View to south of the “aqueduct” larg metal water ipe line) crossing the project area.

2 T A

Figure 6. View to north of the soil removal area for the Turtle Bay Resort golf course.
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Figure 9. View to south of an area along the northern property boundary that was mechanically
cleared of all vegetation.

BACKGROUND

To generate a set of expectations regarding the nature of historic properties that might be encountered
within the APE, and to establish an environment within which to assess the significance of any such
resources, a general historical context for the region and previous archaeological studies that included
portions of the study area are summarized.

Culture-Historical Context and Ahupua‘a Settlement Patterns

In an effort to provide a comprehensive and holistic understanding of the current study area and to generate
a set of expectations for the subject parcel, archival and historical data relevant to Kahuku Ahupua‘a, along
with the general settlement patterns for the Ko‘olauloa District are presented.

A Brief Overview of Hawaiian Settlement

Radiocarbon dates from the windward coast of O‘ahu suggest that initial settlement of the Ko‘olauloa
District likely began as early as A.D. 500, with large scale settlement occurring by A.D. 1100-1200, and
steadily increasing until the time of Western contact (A.D. 1778) (Stride et al. 2003). Early settlement likely
occurred from the Marquesas and Society Islands (Emory in Tatar 1982:16-18). In these early times,
Hawai‘i’s inhabitants were primarily engaged in subsistence level agriculture and fishing (Handy and
Handy 1972:287). The earliest settlement was a period of great exploitation and environmental
modification, when early Hawaiian farmers developed new subsistence strategies by adapting their familiar
patterns and traditional tools to their new environment (Kirch 1985; Pogue 1978). Their ancient and
ingrained philosophy of life tied them to their environment and kept order. Order was further assured by the
conical clan principle of genealogical seniority (Kirch 1984). According to Fornander (1969), the
Hawaiians brought from their homeland certain universal Polynesian customs: the major gods Kane, Ku,
and Lono; the kapu system of law and order; cities of refuge; the ‘aumakua concept; various superstitions;
and the concept of mana.
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For generations following initial settlement, communities in Ko‘olauloa were clustered along the
shores which offered sheltered bays from which deep sea fisheries could be easily accessed. The near shore
fisheries and coastal fishponds, which were enriched by nutrients carried in the fresh water, also offered
opportunities for resource extraction and stewardship. It was in these coastal areas that clusters of houses
were found, and where agricultural production first became established. Over a period of several centuries,
these areas became populated and perhaps even crowded, and inland elevations began to be used for
agriculture and some habitation. Taro would have been the dominant crop in this area with sweet potatoes
planted only as a supplement for it (Handy and Handy 1972:282-283). Other crops would have included
wauke, noni, gourds, sugarcane, ‘awa, breadfruit, bananas, coconuts, and ti (Stride et al. 2003). Other
resources important to subsistence would have been gathered from the sea to the mountains.

The period between A.D. 1100—1650 was characterized by the greatest social stratification, major
socioeconomic changes, and intensive land modification (Kirch 1985). Most of the ecologically favorable
zones of the windward and coastal regions of all major islands were settled and the more marginal leeward
areas were being developed. The concept of the ahupua ‘a was established during the A.D. 1400s (Kirch
1985), adding another component to a then well-stratified society. This land unit became the equivalent of a
local community, with its own social, economic, and political significance. Ahupua'a were ruled by ali ‘i ‘ai
ahupua ‘a or lesser chiefs; who, for the most part, had complete autonomy over this generally economically
self-supporting piece of land, which was managed by a konohiki. Ahupua‘a were usually wedge or pie-
shaped, incorporating all of the eco-zones from the mountains to the sea and for several hundred yards
beyond the shore, assuring a diverse subsistence resource base (Hommon 1986).

The ali‘i and the maka ‘@inana (commoners) were not confined to the boundaries of the ahupua ‘a;
when there was a perceived need, they also shared with their neighbor ahupua ‘a ohana. The ahupua ‘a was
further divided into smaller sections such as the li, mo ‘o ‘aina, pauku ‘aina, kihapai, koele, hakuone, and
kuakua (Hommon 1986, Pogue 1978). The chiefs of these land units gave their allegiance to a territorial
chief or mo ‘i (king). Heiau building flourished during this period as religion became more complex and
embedded in a sociopolitical climate of territorial competition. Monumental architecture, such as heiau,
“played a key role as visual markers of chiefly dominance” (Kirch 1990:206).

Entire ahupua ‘a, or portions of the land were generally under the jurisdiction of appointed konohiki or
lesser chief-landlords, who answered to an ali‘i-‘ai-ahupua‘a (chief who controlled the ahupua‘a
resources). The ali i- ‘ai-ahupua ‘a in turn answered to an ali i ‘ai moku (chief who claimed the abundance
of the entire district). Thus, ahupua ‘a resources supported not only the maka ‘a@inana and ‘ohana who lived
on the land, but also contributed to the support of the royal community of regional and/or island kingdoms.
This form of district subdividing was integral to Hawaiian life and was the product of strictly adhered to
resources management planning. In this system, the land provided fruits and vegetables and some meat in
the diet, and the ocean provided a wealth of protein resources. Also, in communities with long-term royal
residents, divisions of labor (with specialists in various occupations on land and in procurement of marine
resources) came to be strictly adhered to. It is in the general cultural setting outlined above, that we find the
ahupua ‘a of Kahuku at the time of European contact.

Legendary Accounts of Kahuku Ahupua‘a

The current study parcel is located in the ahupua ‘a of Kahuku, District of Ko‘olauloa, Island of O‘ahu
(Figure 10). Kahuku is a large ahupua ‘a (nearly 5,000 acres) that occupies the northeastern point of O‘ahu,
stretching from the ocean to the Ko‘olau mountains. It includes a rich fishery and a broad coastal plain
(makai of the present day highway) rich with wetlands, springs, and brackish pools. Punamano,
Punahoolapa, Polou, and Kalou are the names of a some of the bodies of water located makai of the subject
parcel. This area was once renowned for its hala groves. Kalaiokahipa Ridge, a coral reef escarpment
(located mauka of the present day highway), juts up above the coastal flat near the study areal. From there
the land becomes increasingly steeper and more dissected as it enters the foothills and then the mountains,
where it is cut off by the ahupua ‘a of Waimea.

10
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Kahuku Ahupua‘a, and many of the places named within it, have traditional legends associated with
them. Kahuku literally translates as “the projection” (Pukui et al. 1974:67). The naming of Kahuku and
how it was perceived by the ancient Hawaiians is suggested in old stories. Legends relate that Kahuku was
once a floating island that had been struck apart from O‘ahu by Lonokacho, leaving an open gap in
Kalaiokahipa ridge. The island was blown about in the ocean until the people of Ko‘olauloa District
captured it and reattached it to O‘ahu with hooks and ropes (Wong-Smith 1989:A-1). Several versions of
this story are told (some stories also suggest that Kahuku was once under water). The following story from
McAllister (1933) tells of the time when Kuhuku was not part of O‘ahu:

Kane and Kanaloa lived in the vicinity of the ridge (Kalaiokahipa ridge); but that was at
the time when the Kahuku plain was still under water, and the waves lapped about
Kaliokahipa. The brothers are said to have obtained fish by dipping into two holes on
opposite sides of a large rock which now lies in the cane field. [in Wong-Smith 1989:A-
2]

Many legends tell of how Kahuku was reattached to O‘ahu. Two examples From Silva (1984) are
presented below:

[1] Legend tells us that Kahuku was a floating island situated several miles out to sea. For
a long time, the people of O‘ahu had planned to make the island part of their land, for
they saw it come close to O‘ahu’s shores. The floating island of the Menehune did not
have any fresh water springs because there were no high mountains covered with verdure
and trees to capture the rains. So, the Little Folk used to paddle their islet into the bays of
O‘ahu at night to haul water from the springs of the large island.

One day, a resident of Kahuku suggested that all the people gather together to make
strong hooks of whalebone and attach them to a stout rope made of sacred olona fibres.
This was done.

The Menehune came to take water as usual, then the residents of O‘ahu attached the large
hooks to the floating isle while the Menehune started to paddle off again, but they could
not move their islet or free it from they ivory hooks and Olona ropes.

Today, many people who travel Kahuku section of O‘ahu and see the many islets
seeming to float off shore, and hear the sea singing its songs, they say, ‘Listen to the
Menehune grumbling while they try to move their island that used to float!’

The rumbling and grumbling is heard only at night, for that is the time for the Menehune
to be working at Kahuku. [Paki 1972:53 cited in Silva 1984]

[2] Kahuku District, according to legend, was once a floating island blown about by the
winds. As it banged against Oahu, it made noises which disturbed the old women
guarding the princess Laickawai. The old women grappled the island with fishhooks and
attached it securely to O‘ahu. Polou pool on the sea side of the Kahuku mill is one spot
where the hook was fastened. The other end was fastened at Kukio pond 300 feet inland
at Kahuku Point. [Boswell 1958:68 cited in Silva 1984]

McAllister (1933) describes what was formerly found in these pools where Kahuku was attached to
O‘ahu:

A story is told that Kahuku was once a land afloat, wafted about by the winds drifting
over the ocean. Just how it came to Oahu is not told, but old Hawaiians point out Polou,
the place where Kahuku is fastened to Oahu. Formerly it was possible to dive into the
pool and when a depth of 40 fathoms was reached, a shelf of rock was found upon which
to rest. Forty fathoms deeper Punakea (white line from coral) by which Kahuku was
made fast could be seen. This hook was intricately fashioned of Kawila (Alphitonia
excelsior). Seaward of the Waialee Industrial School, in another pool of water, known as
Kalou, is the spot where Kahuku is attached to Waialee. In the immediate vicinity of
Polou was a stone known as Kanaloa. [in Stride et al. 2003:8]
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McAllister (1933) also describes a legend associated with Punamano, a spring and wetland located on
the Kahuku plain makai of the study parcel. He relates that it is a small water hole that was:

...pointed out by Kahione, Kaleo, and Luiko Kaio in the flat limestone plain of Kahuku
Point. It is about 15 ft. in diameter and brackish in taste. My informants told this story:

One time when the people of Kahuku were fishing they caught a small shark. Putting him
in a calabash of water they carried him to their houses near the beach. Here he was cared
for and put in larger and larger calabashes as he grew bigger. Finally haven outgrown
even the largest calabash that could be found, it was decided to place him in one of the
pools of brackish water which came to be known as Punamano. A man and woman living
near the pool became guardians. They had lived in their grass huts with a breadfruit tree
near the pool and taro and potato patches near the mountains for several years when the
brother of the woman came to live with them. Sometime after, the man and his wife went
to the mountains to gather taro and potatoes. The brother, who was staying at home,
thought that he would like to have some food prepared when the sister and her husband
returned. He climbed the breadfruit tree and gathered several, throwing the fruit into the
water instead of on the ground, where it would have been bruised in the fall. After
picking enough for a few days he descended the tree and gathered most of the fruits from
the bank. Two had floated to the middle of the pond and he could not reach them. Now
this man knew of the shark that lived in the pool, but he had frequently bathed in the pool
and no thought of fear crossed his mind as he swam to the breadfruit. He did not know,
however, that his sister and her husband had warned the shark not to allow anyone to
steal breadfruit when they were gone. When the sister and her husband returned they
could not find brother. Neither was the shark to be found, but they saw the breadfruit
floating in the pool and the reddish color to the water. They guessed what had occurred.
For nearly a mile they followed the bloody trail until they came to a spring known as
Punahoolapa. Not only was the brother never seen, but the shark has never been seen to
this day. A plantation pump now marks the spring near the sea side of the road. [in
Wong-Smith 1989:A-7]

During Precontact and early Historic times the Kahuku plain was well known for its groves of hala.
Wong-Smith (1989:A-5, A-6) provides several accounts of its renown:

...he flew to Kahuku and adorned his neck with wreaths of the pandanus fruit and his
head with flowers of sugarcane. [Thrum 1912:100]

This is the land of the hala tree...”I sent out word...among the people that there should
be no one leaving here (Kahuku) for Waimea or Waialua who had not a wreath of hala
fruit...”: [Cummings 1913:241-242 cited in Wong-Smith 1989]

...men from Kahuku were identified by leis of the orange hala fruit which they wore by
order of their chief when they left their ahupua‘a...[Wilcox 1975]

Halemano, a man credited with the evolution of hula, composed a chant to win back the attentions of
his wife that mentions the hala of Kahuku (Wong-Smith 1989:A-6). The chant goes:

A kukui au a Kahewahewa As I reported to Kahewahewa

Ku au nana I laila, I stood and gazed, then

Haloiloi Kuu waimaka e uwe, Tears filled my eyes causing me to weep.

Nani na hala ka oiwi o Kahuku, How beautiful are the hala, native trees of Kahuku,
1 ka lawe a ka makani he mikioi As they are being fanned by the Mikoioi wind

[Elbert 1965:280-281 cited in Silva 1984]
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Other legends tell stories of Kalaiokahipa ridge, the coral reef escarpment that juts up above the
Kahuku plain. The following examples are found in Wong-Smith (1989:A-3):

The many caves in the porous formation were used as places of burial by the old
Hawaiians. On the Waimea side is an overhanging ledge where formerly hung two
stalactites from which water continually dripped. They very closely resembled the breasts
of a woman , and this was said to be Nawaiolewa, a goddess of the region. Some years
ago, a white man removed one of the stalactites, or breasts, according to the story, and the
water immediately stopped dripping down from the other (McAllister 1933).

Nawai-o-lewa is on the northwest side of the rocky brow of Kalaeokihipa and now only
one breast is left to move in the gusty winds of Kuhuku-lewa. The other was broken off
by that supernatural son of Ku and Hina...Between Kaleaokahipa and Nawaiolewa, just
above is a small round opening to a secret cave...The small secret cave belonged to Ka-
alae-huapi (Red head mud hen) and others in the first Kuhuku that was covered by a hala
grove (J.K. Apuakehau, Kuokoa, June 29, 1922).

The Hole of Kahipa and Nawaiuolewa is pointed out today but the story is lost. Kanui a
woman 105 years old, told Mary Pukui that the two were brother and sister. In order to
make it one, the two sat down and hooked their fingers together and drew the together.
The hole marks the place where they sat (Kamakau Part II, Moolelo o Hawaii, Note 4,
Chap 12).

Further up in the mountains, mauka of the study area, Kamakau (1964) tells of a famous hiding cave
with an entrance in Kahuku. He writes:

There is only one famous hiding cave, ana huna, on Oahu. It is Pokukaina....This was a
burial cave for the chiefs, and much wealth hidden away there with the chiefs of old. On
the Kona side the island the cave has three openings, one at Hailikulamanu—near the
lower side of the cave of Koleana in Moanalua—another in Kalihi, and another in
Pu‘iwa. There was an opening at Waipahu, in Ewa, and another at Kuhuku in Ko‘olauloa.
The mountain peak of Konahuanui was the highest point of the ridgepole of this burial
cave “house,” which sloped toward Kahuku. Within the cave are pools of water, streams,
creeks, and decorations by the hand of man (hana kinohinoh‘ia), and in some places level
land. [Kamakau 1964:38]

History After Contact

On February 28, 1779, two weeks after the death of Captain James Cook, the H.M.S. Resolution captained
by Charles Clerke rounded the northern tip of O‘ahu providing the first historical accounts of the Kahuku
area. Clerke wrote:

SUNDAY 28™. . . run round the Noern [Northern] Extreme of the Isle which terminates
in a low Point rather projecting; off it lay a ledge of rocks extending a full Mile into the
Sea, many of them above the surface of the Water; the Country in this neighborhood is
exceedingly fine and fertile; here is a large Village, in the midst of it is run up a high
Pyrimid doubtlessly part of a Morai. I stood into a Bay just to the Westward of this point
the Eastern Shore of which was far the most beautiful [sic] Country we have yet seen
among these Isles, here was a fine expanse of Low Land bounteously cloath’d with
Verdure, on which were situated many large Villages and extensive plantations; at the
Water side it terminated in a fine sloping, sandy Beach. . . [in Beaglehole 1967:1:572]

Lieutenant James King, also aboard the H.M.S. Resolution that day, wrote:
WOA’HOO. . . saw this Island the beginning of last year, but only just as a high lump,

We this Time sailed along its NE & NW sides but say nothing of its Southern part. What
we did see of this Island was by far the most beautiful country of any in the Groupe;
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particularly the Neck that Stretches to the Northward and its NW side. Nothing could
exceed the verdure of the hills, nor the Variety which the face of the Country display‘d. It
/s north-eastern/ parts were cliffy, & rugg’d to the Sea side, but the Valley look’d
exceedingly pleasant, near the N point we were charmed with the narrow border full of
Villages, & and Moderate hills that rose behind them. . . [Beaglehole 1967:1:610 in
Wong-Smith 1989:A-9, 10]

In 1794, British Captain, George Vancouver also visited the northern tip of O‘ahu, but found the
Kahuku area to be slightly different than the verdant, well populated plain described by Clerke and King
fifteen years earlier. He wrote:

...In every other respect our examination confirmed the remark of Capt. King excepting
that in point of cultivation or fertility, the country did not appear in so flourishing a state,
nor to be so numerously inhabited, as he represented it to have been at that time,
occasioned most probably by the constant hostilities that had existed since that period.
[Vancouver 1798(3):71]

Much attention has been paid to these two descriptions of the Kahuku area, separated by only fifteen
years, but describing two different places; one with thriving villages and extensive agricultural fields, and
another that is not so populated or agriculturally productive. Handy and Handy (1972:462) ask, ”"What
catastrophe of the elements, slow or swift, has wrought change in Kahuku?” They write that:

Kahuku ahupua ‘a presents something of a paradox. McAllister (1933 p. 153) remarked in
his survey that it did not seem possible that this “rather desolate, wind swept” plain could
ever have supported much life, agricultural or human, before the era of industrial
machinery and organization. Yet one of his informants “remembers the time when trees
now found only in the mountains” covered it. [Handy and Handy 1972:462]

In 1833, E. O. Hall observed at Kahuku that “much taro land now lies in waste because of the
diminished population of the district does not require its cultivation” (Hall 1839 in Handy and Handy
1972:462). The changes in Kahuku were the same changes taking place throughout the Hawaiian Islands.
Although early explorers blamed the decline in population on warfare, a more likely reason for such rapid
population decline was the introduction of Western diseases (Kuykendal 1938; Nakamura 1981; Wong-
Smith 1989). Once introduced, the foreign diseases quickly decimated the Hawaiian population which had
no immunity to them. The sudden dramatic reduction in population radically altered the Hawaiian way of
life and paved the way for further change.

One of these changes was the Great Mahele of 1848. By the middle of the nineteenth century the ever-
growing population of Westerners forced socioeconomic and demographic changes that promoted the
establishment of a Euro-American style of land ownership, and the Mahele became the vehicle for
determining ownership of native lands. During the Mahele, land interests of the King (Kamehameha III),
the high-ranking chiefs, and the low-ranking chiefs, the konohiki, were defined. The chiefs and konohiki
were required to present their claims to the Land Commission to receive awards for lands provided to them
by Kamehameha III. They were also required to provide commutations to the government in order to
receive royal patents on their awards. The lands were identified by name only, with the understanding that
the ancient boundaries would prevail until the land could be surveyed. This process expedited the work of
the Land Commission (Chinen 1961:13). During the Mahele all lands were placed in one of three
categories: Crown Lands (for the occupant of the throne), Government Lands, and Konohiki Lands. All
three types of land were subject to the rights of the native tenants therein.

As a result of the Mahele, Kahuku Ahupua‘a (4,752 acres) was retained as Crown Lands by King
Kamehameha III (under the name of Victoria Kamamalu). According to the Waihona ‘Aina Mahele
database, eighty-five claims for Land Commission Award (LCAw.) parcels were made within the ahupua ‘a
of Kahuku, but only seventy-two kuleana lots were awarded to native tenants. Nearly all of awards were
located makai of the present day highway, and none of the LCAw. were located within the current study
area (Figure 11). The locations of the LCAw. parcels generally confirm the expected Precontact settlement
patterns discussed above for Kahuku Ahupua‘a, with the majority of the kuleana lots located near the coast
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and only a few at inland locations. Information contained in the LCAw. testimony provides insight into
Hawaiian land use practices during the early Historic Period. Silva (1984) provides a tally of the land uses
mentioned in the LCAw. testimony for Kahuku. Silva lists, “162 taro patches, 39 kula plots & gardens
planted w/awa, banana, wauke, gourd, sweet potato, sugar cane, noni, watermelon, pili grass, 7 clusters of
hala, 6 salt lands, 4 koa canoe trees, 2 fish ponds, 10 house lots, 1 sweet potato patch cultivated upon cliffs,
1 water course bank, 3 cultivated upland plots, 1 brackish spring, 1 wooded upland area of ulu, ohia, kukui,
koa, ti, noni, etc...” (in Wong-Smith 1989:A-13).

Beginning in the 1850s, Kahuku and many neighboring ahupua ‘a were granted, leased, and sold to
foreigners, who established sheep and cattle ranches on O‘ahu’s north shore (Williams and Patolo 1998).
Two of the early ranches, which encompassed a large portion of the Ko‘olauloa District, were known as the
Malaekahana and Kahuku Ranches. They were started by two Englishmen, Charles G. Hopkins and Robert
S. Moffitt (by some accounts Robert Moffitt was actually Robert Stoney, an Irishman; Williams and Patolo
1998:21). Although many discrepancies exist in the researched materials, it appears that in 1851 the
ahupua ‘a of Kahuku was sold to Charles Gordon Hopkins as part of Grant No. 550. Hopkins, who had
arrived in Hawai‘i from London on February 25, 1845, worked for the Hawaiian Government filling
several official positions (Thrum 1911:44).

By 1851 Hopkins had become the agent responsible for the sale and rental of the Crown Lands of
Kamehameha III (Korn 1958:208), and he had purchased over 8,000 acres of land on O‘ahu’s north shore,
including Kahuku (Nakamura 1981). With this land Hopkins established the Kahuku Ranch and he was
dubbed “Duke of Kahuku” by a writer of the Pacific Commerial Advertiser (Korn 1958:223). By the mid-
1850s access to the ranch from Honolulu had been made easier by the construction of an around the island
road, a predecessor of the present day Kamehameha Highway (Kuykendall 1938:25).

Emerson (1928) discusses the negative affect this era of land transactions and ranching had on the
native residents of Kahuku. He writes:

Kahuku had passed from control of its chief to that of an Englishman. The pastures of his
big ranch extended along the shore for 12 miles, reaching inland to the mountain chain,
and he was so autocratic that the natives could not own a dog, or pasture a cow or horse,
without his consent. The depredations of herds and flocks on their small homesteads
became unbearable, but they appealed in vain for their beloved Zala trees and patches of
vegetables. . . There was no redress, however, and with the fading of the forests the
people also disappeared and the once populous district of Kahuku became a lonely sheep
and cattle ranch. [Emerson 1928:135-136]

Many transactions involving the lands of Kahuku took place during the late 1850s and early 1860s
(Nakamura 1981:8; Williams and Patolo 1998:20). By 1873 the Malaekahana and Kahuku Ranches had
been purchased by Herman A. Widemann (Thayer 1934:138). On January 19, 1874, Widemann sold his
interest in the ranches to Julius L. Richardson for $45,000, who in turn sold them to James Campbell for
$63,500 on October 2, 1876 (Thayer 1934:138). The following portion of an article from Hawaiian Gazette
dated October 4, 1876, provides an overview of Campbell’s purchase. The article states:

...It includes 25,000 acres in fee simple, and large tracts of mountain land under long
leases, with $34,000 worth of livestock, including 3,000 head of cattle, with the choice
band of merino sheep and horses now on it. It is unquestionably the best stock ranch on
these islands, and it has brought to a high state of perfection under the management of the
late proprietors, who divided the plain into ten or twelve large paddocks, walled with
heavy stone walls. It stretches from Laie to Waimea, a distance of thirteen miles, and
those who have ever visited it must have admired its lovely green pastures of manienie
grass so fattening to stock. It is the intention of Mr. Campbell to increase his band of
sheep to 30,000 of the choicest breed. The price paid is a handsome one, securing to its
present proprietor the most desirable ranch on the Islands, and to Mr. Richardson a
comfortable fortune, the result in part of his industry and good management, and in part
to the Reciprocity Treaty, the first fruit from which he has been so fortunate as to
reap...[in Wong-Smith 1989:A-14]
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Campbell had arrived in Hawai‘i in 1849 and first established the Pioneer Mill Company of Lahaina, a
prosperous sugar plantation on the Island of Maui, which he sold his interests in to purchase Kahuku Ranch
(Kuykendall 1967:67). Ushered in by Campbell, sugar was soon to become the dominant industry in
Kahuku. On November 19, 1889, Campbell leased much of his Kahuku Ranch lands to Benjamin F.
Dillingham for a term of 50 years (January 1, 1890 to December 31, 1939) at an annual rate of $50,000
(Kuykendahl 1967:69). In 1886, Dillingham had proposed, “The Great Land Colonization Scheme,”
writing:

The Kahuku Ranch consists of 20,000 acres in fee simple and 5,000 acres Government
leasehold...On the estate is a level tract of land at an elevation of from 10 to 25 feet
above sea level...This tract is pronounced excellent Sugar cane land. There are already
flowing artesian wells on either side of this level tract, while near the middle is an
unfailing spring in which the water rises to within 2-1/2 feet of the surface, in a column
of at least one foot in diameter, and flows thence to the sea. This proves that an ample
supply may be found for irrigation.

There have been offered by rice growers to the present owners $10,000 a year for
400 acres of this land, water for cultivation being furnished. A contract has been made to
bore five additional artesian wells to comply with this requirement. [Dillingham 1886:76]

Another important part of Dillingham’s scheme was the construction of an O‘ahu railroad. In 1889,
Dillingham was granted franchise and charter by the Hawaiian Government to create the Oahu Railway and
Land Company (Nakamura 1981). Construction began on the railroad in March of 1889, and the railroad
began operations on January 1, 1899 (Kuykendall 1967:68). Its route brought it across the coastal plain of
Kahuku, north of the current project area (see Figure 10).

On December 10, 1889, James B. Castle subleased a large portion of Kahuku lands from Dillingham.
Castle then started the Kahuku Plantation Company, which was granted a charter to cultivate sugarcane on
January 30, 1890 (Kuykendall 1967:69). At first, the company relied solely on pumped spring water,
stream water, and rain water for irrigation, but these sources were found to be unreliable, and soon the
company resorted to drilling artesian wells to supply water (Nakamura 1981). In the first year, five miles of
36-inch gauge railway (some of it portable) were laid to transport cane from the fields to the mill and then
to the coast for shipping (Wilcox 1975). These lines eventually tied into the Oahu Railway lines, which
operated on the island until 1947 (Dorrance and Morgan 2000:47).

In 1906, Alexander & Baldwin, Ltd. purchased Castle’s interest in the Kahuku Plantation Company,
thus becoming the largest share holder, and Henry P. Baldwin became the company’s president (Wilcox
1975). By 1916, portions of the plantation were also being leased for pineapple cultivation (Wong-Smith
1989). By 1935 the irrigated sugarcane fields included nearly all of the current project area, which also
contained two reservoirs (Figure 12). The Kahuku community flourished during its plantation days. Wong-
Smith writes:

...The plantation’s hospital was the only medical facility from Waialua to Kaneohe. The
plantation pioneered concrete stoves for laborer’s cottages and sanitation drains that were
used as models for other plantations. The first plantation day nursery and high school
were established by Kahuku Plantation Co. The town of Kahuku boasted the biggest
baseball diamond and the first golf course. The company laboratories pioneered the
carbonation of white raw sugar, using the native limestone around Kahuku for filter. The
company devised the money-saving use of molasses as mill fuel. The company also
discovered that night lighting of the fields prevented tasseling and increased sugar yield
of cane (Wilcox 1975). [Wong-Smith 1989:A-16]

Beginning in the mid-1950s inland portions of Kahuku Ahupua‘a (3, 500 acres mauka of the current
project area) were leased to the U. S. military for training purposes (Nakamura 1981:14). The Kahuku
Plantation Co. continued to operate in Kahuku until 1971, when it was forced to shut its doors for economic
reasons (Dorrance and Morgan 2000:47). The closing of the plantation brought tough economic times to
the north shore of O‘ahu (Wong-Smith 1989:A-17). In the 1980s, a portion of the current project area was
briefly used as the site of a now defunct wind farm (Nakamura 1981). The study area eventually became
part of the Gunstock Cattle Ranch, and until recently it was used as pasture for horses and cattle.
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Previous Archaeological Research

Three previous archaeological studies have included portions of TMKs:1-5-6-05:007 and 014 (Figure 13).
All three studies were archaeological inventory surveys that also included lands outside the APE.
Fieldwork for the first inventory survey was conducted in 1989 by Paul H. Rosendahl, Inc. (PHRI) (Jensen
1989), the second survey was conducted by Archaeological Consultants of Hawaii (ACH) also in 1989
(Kennedy 1989), and the third was conducted in 1992 by Cultural Surveys Hawaii, Inc. (CSH) (Stride et al.
2003). Collectively, these previous surveys resulted in the identification of eighteen archaeological sites
within the boundaries of Parcel 007 that contained a total of forty-two features. All but three of the
previously recorded sites were assigned State Inventory of Historic Places (SIHP) site numbers. Each of the
sites, and its features, is listed in Table 2, and detailed descriptions are presented below. The site locations
relative to the current project area boundaries are depicted in Figure 14.

Jensen (1989) conducted an archaeological inventory survey of two separate project areas for the
proposed development of two golf courses (comprising 866 acres) within the Ko‘olauloa District, Island of
O‘ahu (referred to as Punamano and Malackahana Project Areas). The 638-acre Punamano Project Area
included a large portion of the current project area. Jensen (1989) recorded twenty-six sites within the
Punamano Project Area, seven of which were situated within the boundaries of Parcel 007 (SIHP Sites
4076, 4077, 4078, 4079, 4080, 4081, 4085). Jensen described these seven sites as follows:

Site 4076 - Overhang

Site 4076 is a substantial overhang shelter formed along an eroded section of fossil
sea bluff exposed in a small gulch in the eastern portion of the project area [see Figure
14]. The overhang extends for a total distance of 19 meters parallel with the exposed
bedrock (east-west), and protrudes under the bedrock for an average of 2.75 m (north-
south). A small pile of rocks is located at the eastern end of the shelter area, marking a
possible fire hearth. Dark, ashy-colored midden covers the entire interior living surface,
and appears to have accumulated to at least 30-40 cm depth (as determined from
examination of two exposed areas within the deposit). A basalt adze and a drilled bivalve
shell were observed on and recovered from the surface (provenience of these two
collected artifacts is indicated on the site map, [Figure 15]). Two additional artifacts, both
basalt flakes, were not collected.

A gentle slope has been established in front of the cave opening by constructing a
terrace which extends for a distance of c. 8 m parallel with, and which begins at a point c.
5 m in front of, the cave opening. This upper terrace may conceal a rock retaining wall
buried beneath the loose soil fill. A second parallel terrace, definitely supported by a rock
(limestone slab and boulder) retaining wall, was established at c. 10 meters in front of the
cave. Immediately below the lower terrace retaining wall is a narrow and shallow ditch
segment. Cultural material, consisting of portable artifacts and buried pockets of midden,
may well have accumulated in portions of these two terraced areas in front of the
overhang.

This site may possess a substantial subsurface midden deposit, located both within,

as well as in front of, the overhang shelter. There are no surface indications of significant
past looting or other disturbances. [Jensen 1989:27]
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Table 2. Known archaeological sites and features located within TMK:1-5-6-05:007.

SIHP# PHRI# ACH# CSH# Feature Description
4076 T-15 S-5 - A Overhang shelter
- S-5 - B Low stacked wall
- S-5 - C Overhang shelter
- S-5 - D Low stacked wall
- S-5 - E Low stacked wall
- S-5 - F Low stacked wall
- S-5 - G Overhang shelter
- S-5 - H Overhang shelter
4077 T-16 S-17 - A Terrace/retaining wall
- S-17 - B Wall/terrace
- S-17 - C Auwai/modified crevasse
4078 T-17 S-16 - A Overhang shelter
- S-16 - B Low stacked wall
- S-16 - C Low stacked wall
4079 T-19 S-9 - - Short wall segments
4080 T-20 S-10 - - Historic trash dump and bottle scatter
4081 T-21 S-7 - - Overhang shelter
4085 T-26 S-14 - A Enclosure
T-26 S-14 - B Low rubble, partially stacked wall
4706 - S-6 - - Enclosure complex
4707 - S-15 - - 1937 irrigation ditch
- - S-8 - - Habitation/Burial Complex
- S-8 - A Overhang shelter
- S-8 - B Rock-filled crevasse
- S-8 - C C-shape
- S-8 - D 2 low stacked walls
- S-8 - E Overhang shelter
- - S-12 - - Overhang shelter
- - S-13 - - Terrace/alignment
4510 - - 1 A Overhang shelter
- - 1 B Overhang shelter
4511 - - 2 A Overhang shelter
- - 2 B Overhang shelter
4512 - - 3 - Enclosure
4513 - - 4 A Wall structure
- - 4 B Terrace
- - 4 C U-shaped enclosure
- - 4 D Cobble paved terrace
- - 4 E Overhang shelter
4514 - - 5 - Terrace
4515 - - 6 A Overhang shelter
- - 6 B Overhang shelter/burial
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Area previously included in an
archaeological inventory survey

true

e Previously recorded archaeological
site location

Current APE

PREVIOUS ARCHAEOLOGICAL SURVEY AREAS

Jensen (1989) project area Kennedy (1989) project area Stride et al. (2003) project area

Figure 14. Map showing archaeological sites previously recorded within the study parcels and the extent of the previous survey coverage.
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The project area falls within the Pump 5 Section of the former Kahuku Plantation Company’s fields
(see Figure 12). With the exception of a few small areas of wasteland, the entire APE was once planted in
sugarcane. The APE consists of portions of former Fields 9, 10, and 16. These fieclds were segmented into
smaller field units ranging between roughly 0.5 and 14 acres in size. Each of the smaller field units was
bounded by irrigation ditches. The 1935 map of the Kahuku Plantation Company lands shows this system
of irrigation ditches and the acreage of each of the small fields they bounded (see Figure 12). In addition to
the ditches, the 1935 map also shows two reservoirs and Pump 18 within the APE. Pump 18 is shown along
a pipeline that ran between Pump 5 (makai of the APE) and one of the reservoirs.

Although impacted by modern land disturbance, vegetation, and erosion, much of the sugarcane
irrigation infrastructure is still present within the APE (see Figure 23). The system of irrigation ditches that
remains today closely resembles the 1935 configuration of ditches. One of the two reservoirs and Pump 18
were relocated within the APE, and several additional irrigation features, added to the fields during the late
1930s and early 1940s, were also discovered. Though extensive, with miles of ditches that provided water
to roughly 230 acres of fields within the APE, the network of irrigation features functioned fairly simply.
The system relied on groundwater that was pumped up hill from Pump 5 through a large diameter metal
pipe (labeled aqueduct on the 1983 U.S.G.S. Kahuku quadrangle; see Figure 1) to Pump 18, and then up to
a reservoir located near the mauka boundary of the APE. From the reservoir water was gravity fed into a
system of earthen and stone embanked ditches that gradually carried it down slope to the fields. At each
field, a network of smaller earthen ditches, concrete flumes, and/or metal flumes was present that carried
the water from the larger ditches to the rows of sugarcane. Water was directed through the irrigation system
by opening and closing a series of sluice gates. Excess water and storm runoff was directed to
Kalaeokahipa Gulch, and other smaller natural drainages that fed into it, where it ran toward the ocean and
filtered back into the aquifer.

A number of different types of irrigation ditches and flumes are present within the APE including
earthen berm lined ditches, earthen berm and stone lined ditches, stone lined trenches, excavated shallow
earthen ditches, stone and concrete flumes, concrete flumes and ditches, sectional concrete flumes, and
sectional metal flumes. As discussed above, the berm lined ditches are the main irrigation channels. These
ditches generally run cross-slope, following the upper edges of steeper slope planes within the APE. As the
ditches progress they gradually meander down slope to ensure that the water flows steadily in the desired
direction. The route of each ditch is dictated by the topography of the slope edge that it follows. All of the
ditches are excavated into the natural slope of the terrain, and the soil material removed from the water
channel is piled along the downslope edge so that the upslope ditch edge is formed by the natural slope, and
the downslope ditch edge is formed by bermed soil material (Figure 24). At bends, especially in steeply
sloped areas, the interior downslope berm edges are lined with stacked stones to help prevent erosion
(Figure 25).

The other types of flumes and ditches run off of the main irrigation ditches. At numerous locations
along the route of each of the berm lined ditches, breaks are present in the downslope bermed edge that
were used to direct water flow into the field areas. Typically the breaks in the bermed edges spill into stone
lined trenches. Many of the stone lined trenches contain upright concrete panels with channeled edges that
once held wooden sluice gates in place (Figure 26). Several of the concrete panels contain the inscription
“K P” (Kahuku Platation?) on one side of the former gate and “No. 4” on the other side. Where the stone
lined trenches diverge from the berm lined ditches they run for short distances, generally in several
directions. The stone lined ditches usually flow into shallow excavated ditches, sectional concrete flumes,
or sectional metal flumes that carried water to the rows of planted sugarcane.
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Figure 15. Plan view of Site 4076 from Jensen (1989:28).
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Site 4077 - Terrace

Site 4077 is a short segment of “retaining wall” constructed from tabular sandstone
slabs piled from three to four courses high and from one to two courses thick. The wall,
located on a side hill above an isolated field near the center of the project area, measures
only 2.6 m in length, 0.5 m in width, and 0.8 m high [see Figure 14]. No additional
features, or other evidence of prehistoric or early historic use or occupation, were
observed in association with the wall or within the nearby area. Additional features may
have existed prior to the extensive cultivation to which the Punamano project area has
been subjected over the past 100 years. [Jensen 1989:27]

Site 4078 - Overhang

Site 4078 is a small overhang, with the available living surface extended by
constructing two short segments of rubble wall near the entrance. The site, located
adjacent to a large cultivated field within the south-central portion of the project area [see
Figure 14], has been formed by erosion of a portion of exposed limestone, creating an
overhanging shelter which measures 4.5 meters north-south (wide) by 2.75 meters deep
(east-west). The opening is oriented to the east. Two short sections of low wall have been
constructed at the south end of the opening, effectively blocking a portion of the opening
and simultaneously extending the habitable space at and around the shelter.

A few milled board fragments were observed within the immediate vicinity of the
shelter, indicating contemporary use. Although no native cultural materials were
observed on the surface, the wall may nevertheless represent Native construction and
cultural materials may have accumulated within the dark brown soil located at and
around the feature. [Jensen 1989:29]

Site 4079 - Short Wall Segments

Site 4079, located at the base of a limestone outcrop near the eastern edge of the
project area [see Figure 14], consists of two short segments of wall constructed between
natural rock outcrops, effectively completing a small U-shaped enclosure. One of the wall
sections measures 2.9 m in length, is 0.75 m in width, and 0.80 m in height; the second
wall is 3.8 m in length, 0.45 m in width, and 0.80 m in height. These features are
probably historic in age and may relate to stock raising. No additional features, either
prehistoric or historic, were observed in association or within the general vicinity. [Jensen
1989:29]

Site 4080 - Historic Trash Dump and Bottle Scatter

Site 4080 is located at the base of an exposed section of fossil sea bluff within the
eastern portion of the project area [see Figure 14]. Dirt roads providing access to upland
agricultural fields pass by the dump at two different locations and at distances which vary
between 1 and 10 meters. The site extends roughly north-south along the base of the
"cliff" for a distance of c. 50 meters, occupying the space (which varies from 15 to 25
meters in width) between the dirt road and the cliff face. Containing mostly seamed glass
bottles with occasional milled boards fastened with wire nails, several bottle fragments
with applied tops were also observed, indicating use at least as early as c. turn-of-the-
century. Very recent use is also indicated, however, as "Vicks" "Vap-O-Rub" bottles,
plastic items, and assorted metal objects, including at least one 4 ft by 8 ft sheet of
galvanized tin roofing, were observed. The absence of explicitly household artifact types
suggests that the dump was not created in conjunction with historic habitation. [Jensen
1989:29]
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Site 4081 - Overhang

Site 4081, located near the extreme southeast corner of the project area [see Figure
14], consists of a single overhang shelter. The opening of the overhang measures 3 meters
wide (parallel with the cliff face), and extends into the cliff a maximum of 1.75 m. A
cobble and boulder wall has been constructed adjacent to the 3 meter-wide opening,
leaving a narrow access opening at the south end of the feature.

Potential prehistoric and/or historic use was indicated, not on the basis of habitation
debris (midden or portable artifacts), but on the basis of the enclosing wall which
indicated modification for use. [Jensen 1989:30]

Site 4085 - Rock Enclosure (Feature A) and Low Rubble, Partially Stacked Wall
(Eeature B)

Site 4085 consists of a small rock enclosure and a partially stacked rock wall located
within the eastern portion of the project area [see Figure 14]. Feature A rock enclosure is
oval in plan view, measures approximately 3 meters in diameter (long axis), and was
constructed by stacking limestone and basalt boulders and slabs from 1-2 courses wide
and from 4 to 6 courses high. The perimeter length of the wall is 9.5 meters, which
averages 0.35 m in width and 1.0 m in height. No portable artifacts or other features were
observed in direct association, so that it is not possible to determine the feature's cultural
affiliation. However, it seems likely that the feature was associated with late 19th or early
20th century sheep or cattle grazing operations within the project vicinity.

Feature B is located approximately 23 meters to the north of Feature A, and consists
of a bulldozer-pushed rock rubble wall, oriented approximately east-west, which
measures 4.0 m in length, 2.4 m in width, and 0.6 m in height. At the east end of the
“pushed” section of wall, and articulated with it, is a short section of stacked wall which
extends the overall length of the wall by 1.6 m. This stacked section of wall is slightly
less wide than the pushed section, ranging from 1.5-1.75 m, but is c. 0.75 m higher than
the pushed portion. The stacked section of wall was clearly constructed subsequent to the
bulldozed section, and is therefore not prehistoric or early historic. The stacked section
appears to represent the need to establish a square corner, most likely for erecting a stock
gate. No additional features or portable artifacts were observed in association with this
pushed/stacked rock wall. [Jensen 1989:34-35]

recovery, and Sites 4077, 4079, 4080, 4081, and 4085 for no further work.

RC-0488

As a result of the inventory survey, Jensen (1989) recommended Sites 4076 and 4078 for further data

Later that same year, Kennedy (1989) resurveyed and reevaluated the Punamano Project Area that had

been previously inventoried by Jensen (1989). As a result of the Kennedy (1989) work two new sites and
fourteen additional features were added to those already recorded by Jensen (1989). Both of these new sites
(SIHP Sites 4706 and 4707) are located within the boundaries of Parcel 7. Site 4707 is located just outside
of the current APE, and is clearly related to the many plantation features recorded within the current APE
during the current study. Eleven of the newly recorded features are also located within the boundaries of
the parcel, including seven new features at Site 4076, two new features at Site 4077, and two new features
at Site 4078. Kennedy describes the two newly recorded sites and eleven additional features as follows:

[Site 4706] (New ACH site) Enclosure complex. Two low stacked walls running parallel
for approximately 30meters (NW-SE). Constructed of medium to large limestone blocks.
Two small circular enclosures are located at either end consisting of a single course of
medium limestone. A modified crevasse/ditch runs along the outer face of the northern
wall. No surface artifact or midden observed.
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[Site 4707] (New ACH site) 1937 irrigation ditch. Concrete and cobble lined irrigation
ditch with date 1937 inscribed. Runs into modern ditch which follows Kalaeokahipa
gulch through the property. [Kennedy 1989:10]

[Site 4076] New Features Found:

(B) Low stacked wall. Extends intermittently along length of ridge at top of coral
escarpment for approximately 170 meters. Average width is 501cm., maximum height is
75cm. Constructed of medium sized rough limestone slabs 30-60cm. being the longest
dimension. May have formed an enclosure in some places with parallel bedrock face on
north.

(C) Overhang/shelter. Two overhang/shelters along south side of E-W ridge
approximately 20meters below (south from) [4076] E. Sheltered area is 3-4meters in
length x 2meters deep, with a maximum interior height of 1.5meters. Some kukui shells
and other midden observed, along with a small quantity of “black glass” ca. 1880°s. Good
excavation potential and a candidate for interpretive preservation along with the other
features at Site [4076].

(D) Low stacked wall. 2.5meters length x 75cm. width x 50cm. average height. Wall
structure partially closes off space between two reef blocks and may form an enclosure.
Two small caves 1-2meters wide x Imeter deep are located on the interior (north) cliff
face. No midden observed, however, some soil has accumulated within the enclosure and
should be tested.

(E) Low stacked wall. 3.0meters length x 50cm. width, average height is 1.0meters.
Forms semi-rectangular enclosure along top of ridge line.

(F) Low stacked wall. Smeters length N-S x 75cm. width x 1.30meters average height.
Well constructed of flat limestone slabs 30-60cm. in diameter. Closes off a space
between two coral outcrops.

(G) Overhang/shelter. Two overhangs running approximately 8meters E-W along cliff
face, 1-2meters deep and average l.5meters interior height. Numerous glass fragments
ca. 1900-1920. No obvious surface midden but some soil accumulation

(H) Overhang/shelter. Two overhangs 10meters total length x 1.75meters deep and
average 1.5meters interior height. No surface midden but some charcoal stains mixed
with accumulated soil. [Kennedy 1989:9]

[Site 4077] New Features found:

(B) Wall/terrace. Approximately 1meter long, of similar size and construction as feature
A to the north. It served a similar function, leveling a path or narrow terrace running
8meters SE-NW, 1.5meters average width.

(C) Auwai/modified crevasse. Modified crevasse running roughly E-W for 18meters
along top of ridge 5-10meters upslope from terrace walls A and B. Channel width
averages 50cm. with rocks from inside stacked on some edges along the course.
Terminates on west with bulldozer push and on the east it approaches the terrace from
above. [Kennedy 1989:10]

[Site 4078] New Features found:

(B) Low stacked wall. 30meters NW of feature A, low stacked wall of medium size flat
limestone blocks Smeters length x 50cm. width x Imeter height. Closes off area between
two cliffs.
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(C) Low stacked wall. Approximately SOmeters SE of feature A is a second wall closing
off a passage between two cliff faces and forming a trail boundary ascending the slope.
structure is 4meters length x 75cm. width x 1meter height. [Kennedy 1989:10]

For the purposes of the Kennedy (1989) study, the boundaries of the Punamano Project Area were
modified, in part, to exclude four sites located along the eastern edge of the current subject parcel that were
previously recorded by Jensen (1989) (Sites 4079, 4080, 4081, and 4085). This excluded area also
contained eight features that were not previously recorded by Jensen (1989). Kennedy (1989) does not offer
detailed descriptions of these previously unrecorded features, but lists them in table form. The features
were also not assigned SIHP site numbers, but were given only ACH temporary site numbers. Kennedy
briefly described these eight features as follows: “S-8 — Habitation/Burial Complex; S-8 (A) — Rock-
filled crevasse; S-8 (B) — Rock-filled crevasse; S-8 (C) — C-shape; S-8 (D) — 2 Low stacked walls; S-8
(E) — Overhang/shelter; S-12 — Overhang/shelter; and S-13 — Terrace alignment” (1989:12). The
excluded sites were all located along cliff faces that were not to be graded during the proposed
development of the golf course. Kennedy (1989:15) noted that, “since important sites identified within the
former project area...are now just outside the boundary below the top of the cliffs, care must be taken that
no construction debris is pushed over the edge as damage to these sites would be likely to occur as a
result”.

Stride et al. (2003) conducted an archaeological inventory survey for a proposed 785-acre Kahuku
Agricultural Park located to the east/southeast of the study area. Although Stride et al. (2003) did not list
the current study parcels (TMK:1-5-6-05:007 and 014) as part of their project area, their site location map
clearly indicates that six of the recorded sites (Sites 4510, 4511, 4512, 4513, 4514, and 4515) are located
within Parcel 007. It is possible that either, (1) the current TMK parcel did not exist at that time, or that (2)
the fieldworkers, during the 1992 fieldwork, inadvertently surveyed an area west of the boundary of their
project area and mistakenly recorded these sites as being on Parcel 009. Stride et al. (2003) also
consistently refer to ‘Ohi‘a‘ai Gulch as Ohia Gulch in the site descriptions. Stride et al. (2003) describe the
six sites as follows:

State Site #: 50-80-02-4510

Site Type: Overhang Shelters
Function: Temporary Habitation
Total Features: 2

Dimensions: 84 m’

Location: Ohia Gulch

Description: State Site 50-80-02-4510 [Figure 16] is comprised of two rock overhangs
(Features A & B) in a coral/limestone cliff and they lie between a large break in the cliff
wall. These overhang shelters are located at the northwest end of Ohia Gulch overlooking
the flood plain. Both Features A and B are open to the east and contain a small litter of
kukui nut and water-rounded stones. Surrounding Feature A is a leveled soil area. Feature
B also has a small leveled soil area exterior to the shelter. The surrounding vegetation
consists of Christmas Macaranga trees. Farther downslope toward the flood plain is tall
California grass, Christmasberry, koa haole, and more Macaranga trees.

Located directly below Feature B are remnants of a cement irrigation ditch
associated with sugarcane and pineapple cultivation. The irrigation ditch appears to have
run along the ridge of Ohia Gulch and a flume was constructed over Feature B and down
into the flood plain.

Feature A consists of a rock overhang. The entrance measures 1.2 m. wide by 1.2 m.
high and the shelter is 1.8 m. deep. The interior consists of fairly level soil with loose
cobbles on the surface. The level soil area exterior to Feature A measures 14 m. N/S by
5.5 m. E/S and there are fragments of kukui nut scattered about the level soil terrace.

28



RC-0488

Legend

Ditch [

level soil
w/ kukui

True North

meters

Exposed Bedrock

Overhang/Shelter

Tree

Surface Feature Heighl (meters)
Suhsurfoce/Overhang Height (meters)

Direetion of Slope

Figure 16. Plan view of Site 4510 (from Stride et al. 2003:32).
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Feature B consists of an overhang shelter located approximately 5 meters to the
northeast of Feature A along the same limestone cliff. The entrance measures 2.4 m. wide
by 1.5 m. high and the overhang is 2.4 m. deep. Midden and modern pieces of wood and
nails were also observed on the interior surface. The level soil area outside this feature
measures 2. 7m. N/S by 3 m. E/S. No midden or artifacts were observed in this area.

Both Features A and B have fair excavation potential because of there are soil areas
which could contain midden and artifacts, and because of the evidence of surface midden.
The soil depth is estimated to be 50 cm. These features are both temporary habitation
shelters.

The irrigation ditch (Feature C; [see Figure 16]), located directly below Feature B, is
one of many ditches evident throughout the project area. A cement dam structure, also
located below Feature B, within the flood plain channels water to other irrigation ditches.
The dam structure is the only remaining intact section. Most of the cement ditches
throughout the project area have been destroyed by bulldozing or natural weathering.
[Stride et al. 2003:31, 33]

State Site #: 50-80-02-4511

Site Type: Overhang Shelters

Function: Temporary Habitation Shelters
Total Features: 2

Dimensions: 600 m’

Location: Ohia Gulch

Description: Site 50-80-02-4511 (CSH 2) [Figure 17] consists of two overhang shelters
located mauka of 50-80-02-4510 (CSH 1) on the west side of Ohia Gulch along the
limestone cliffs. The total area of this site is 40 meters N/S by 15 meters E/W. Both
overhangs open to the east. The coral/limestone cliffs overhangs are modified to create a
shelter. The vegetation in this area is koa haole, Christmas berry, California grass, and a
Banyan tree.

Feature A consists of an overhang shelter measuring 16 m. wide (E/W) by 7 meters
deep (N/S) with a maximum ceiling height of 2.9 meters. The surface is a sloping soil
surface fairly rock free. The surface area is compact silty soil with scattered midden
consisting of kukui nut shells and marine shell midden. No artifacts were observed.

A large boulder pile is located between Feature A and B along the same limestone
cliff. The boulder pile measures 14 meters E/W by 9 meters N/S. This may have been a
structure at one time but is presently heavily disturbed by the growth of a large banyan
tree and possibly from bulldozer push from the ridge above.

Feature B consists of an overhang shelter located 13 meters to the west of Feature A.
This features measures 9 meters wide (E/W) by 5 meters deep (N/S) and has a maximum
ceiling height of 2 meters at the entrance. The interior of this shelter consists of fairly
level soil surface with goat bones scattered about. Midden, including kukui nut and
marine shell, was also observed on the interior surface of the interior of this shelter. At
the northeast end of this shelter is small boulder alignment, approximately 2 meters long,
oriented in a N/S direction. A metal site tag marker was observed at the entrance to this
feature (ACH 5/2A; Coral Res. 10-16-90).

Both features remain in fair condition and have good excavation potential due to the
thickness of the soil deposit and evidence of cultural material scattered about the interior
surface of this shelter. The estimated soil depth for these shelters is 70 cm. [Stride et al.
2003:33, 35]
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Figure 17. Plan view of Site 4511 (from Stride et al. 2003:34).

31



State Site #: 50-80-02-4512

Site Type: Enclosure

Function: Temporary Habitation Shelter
Total Features: 1

Dimensions: 13.1 m. N/S by 3 m. E'W
Location: Ohia Gulch

Description: State Site 50-80-02-4512 (CSH 3) [Figure 18] consists of an enclosure
located mauka of site 50-80-02-4511 (CSH 2) on the west side of Ohia Gulch along the
upper edges of the limestone cliffs. This site measures 13.1 meters N/S by 3 m. E/W and
is constructed of stacked small to medium limestone boulders utilizing the natural walls
of the surrounding limestone bluff to form an enclosure. The walls range from 30 cm
high to 1.2 meters high, and average 75 cm thick. The naturally formed walls range from
2.5 meters to 3.5 meters high. The enclosure interior consists of a thin level soil with
grass and shrub. The surrounding vegetation is koa haole, California grass, and banyan
trees. No midden or indigenous artifacts were observed at this feature, although historic
bottles, a sewing machine, and rusted pots and pans were observed directly to the east of
this enclosure.

This feature has poor archaeological excavation potential because of its shallow soil
deposit and absence of any visible "prehistoric" cultural material. [Stride et al. 2003:35]

State Site #: 50-80-02-4513

Site Type: Wall Segments/terraces/Enclosure/Overhang
Function: Permanent Habitation

Total Features: 5

Dimensions: 28 m. NE/SW by 12 m. NW/SE

Location: Ohia Gulch

Testing: 1 m?

Description: State Site 50-80-02-4513 [Figure 19] complex consists of five designated
features, A - E located on the west side of Ohia Gulch along the limestone cliffs in fairly
level area. The total site measures 28 m. NE/SW by 12 m. NW/SE. These features are
located on a large limestone outcrop sloping down toward an intermittent stream. The
surrounding vegetation consists of banyan and koa haole.

Feature A consists of a wall segment 8 meters long, oriented generally in a NE/SW
direction, averaging 1. 75 meters thick and 60 - 80 cm. high. This wall is constructed of
stacked limestone boulders and slabs. Both the NE and SW ends of the wall abut a
limestone outcrop. No surface midden or artifacts were observed at this feature. Although
this wall remains in fair condition the excavation potential is poor for producing
additional information.

Feature B consists of a cobble-paved terrace located directly to the south of Feature
A. The entire terrace and paved area measures 9 m. NE/SW by 5 m. NW/SE.
Approximately 5 m. of facing is visible with the paved area extending to the base of
Feature A and to the west toward Feature C. The terrace is constructed of layered
limestone slabs and cobble. The southern end of the terrace abuts a natural limestone
outcropping approximately 1 meter high which acts to semi-enclose the area. At the
northern end of the terrace is a collapsed wall. No midden or artifacts were observed at
this terrace. The feature remains in fair condition and has fair excavation potential.

Trench 1 was excavated at Site 50-80-02-4513 Feature B terrace. A one-meter square
test unit was excavated in the central portion of the terrace.
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Figure 18. Plan view of Site 4512 (from Stride et al. 2003:36).
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The excavation of Trench 1 revealed two stratigraphic units [Figure 20]. Stratum I,
0- 74/76 cmbs, consisted of mostly limestone cobbles and slabs with a filtered A-horizon,
fine to medium crumb (5YR2.5/1 Black) soil. Stratum II, 70 - 80 cm., was a slightly
compact cobbly dark reddish brown (5YR2.5/3), medium to coarse soil containing many
limestone cobbles. This layer directly overlies bedrock.

Although no cultural material was collected from the excavation of Trench 1, this
feature has been designated as part of a permanent habitation complex because of its size,
construction, and its location to other features.

Feature C consists of a V-shaped enclosure located to the west of Feature B. This
feature is open to the east and has a raised, paved interior. The back walls of this
enclosure (south side) utilize the natural limestone outcropping to form the enclosure.
These natural walls average 2 m. high also. The interior of this feature is a raised level
paving approximately 40 cm. high. It is paved with small limestone cobbles and slabs.
The interior measures 4 m. E/W by 3 m. N/S. No midden or artifacts were observed on
the surface of this feature. A metal site tag marker was found on the back wall (ACH
Temp #S1b, Coral Res, 10-16-90).

This feature remains in fair condition and has fair to good excavation potential.

Feature D consists of a limestone cobble-paved terrace located south of Features B
and C. This terrace and paved area measure 7 m. E/W by 3.5 m. N/S. The relative flatness
of this feature provides an open space. The only remaining facing of this terrace is visible
on the south end of the terrace and utilizes a natural outcropping of limestone.

No midden or artifacts were observed on the surface of this feature. This feature
remains in fair condition and the excavation potential is fair.

Feature E consists of an overhang shelter and two small rock alignments located 12
m. south of Feature A. The overhang shelter measures 3 m. wide at the entrance, 6.5 m.
deep and 80 cm. high. The interior consists of shallow level soil with scattered goat bones
about the surface. On the overhang is a silver tag which reads ACH L Temp S-K Coral
Reserve 10/16/90. Approximately 3.5 m. southeast of the overhang is small rock
alignment with upright slabs. This alignment measures 3 m. long, (oriented roughly
NE/SW), is 50 cm. thick and 40 cm. high. Located 3 m. to the east of the overhang is
another alignment constructed of small limestone boulders and cobbles. This alignment
measures approximately 2.5 m. long (oriented roughly N/S), and is 50 cm. thick and 1.2
m. high. No midden or artifacts were observed.

This feature remains in fair condition. The overhang shelter has fair to poor
excavation potential because of the shallow soil deposit. [Stride et al. 2003:35, 37]

State Site #: 50-80-02-4514

Site Type: Terrace

Function: Temporary Habitation
Total Features: 1

Dimensions: 1.5m’

Location: Ohia Gulch

Description: Site 50-80-02-4514 consists of a single terrace located directly downslope
of Site 4 near the dry streambed. This terrace measures 3 meters roughly N/S, 50 cm.
wide, and approximately 75 cm. high. This terrace is constructed of small to medium size
limestone boulders and slabs. This terrace retains a level soil area, and is fairly rock free.
No midden or artifacts were observed at this site. This feature has fair excavation
potential because of its possible thick soil deposit. It is thought to be a temporary
habitation feature. [Stride et al. 2003:40]
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Figure 20. Site 4513, Feature B, Trench 1 west face profile (from Stride et al. 2003:39).

State Site #: 50-80-02-4515

Site Type: Overhang Shelters
Function: Temporary Habitation
Total Features: 2

Dimensions: 14 m. N/S by 10 m. E/'W
Location: Ohia Gulch

Testing: 1 m?

Description: Site 50-80-02-4515 (CSH 6) [Figure 21] consists of two overhang shelters
designated as Features A and B. This site is located at the base of a large limestone bluff
southeast of CSH site 4. The surrounding vegetation consists of koa haole, Christmas
berry, California grass and Banyan trees.

Feature A, the southern-most shelter, measures 5 m. wide (E/W) by 4 m. deep and is
approximately 2 m. high. The soil floor interior is level and contains a few scattered
boulders and cobbles as well as a small scatter of midden, including kukui nut and small
mammal bones (goat). This feature is in good condition and has good excavation
potential. The estimated soil depth is 60 cm. minimum

Feature B is another overhang shelter located north of Feature A. This shelter
measures 4 m. wide (NE/SW) by 1 m. deep and 1.4 m. high. The interior of this shelter
consists of rocky soil with a scatter of goat bones. This feature was selected for testing
because of its good condition.
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Figure 21. Plan view of Site 4515 (from Stride et al. 2003:41).
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Trench 2, a 1m’ test unit was excavated at State Site 50-80-02-4515 Feature B, an
overhang shelter, in the soil floor interior in the southeast portion. A human burial was
found during the excavation of this unit.

The excavation of Trench 2 revealed three stratigraphic units, Strata I, II, and III
[Figure 22]. Stratum I, 0-20/30 cm., was a loose dark brown, fine to medium sub angular
A - horizon (5YR 3/2) soil. Also incorporated in this stratum are small to medium size
limestone cobbles. Stratum II, 20/30-40 cm., was a light brown, fine to medium crumb
silt (5YR 4/2 Brown/dark brown) soil. This stratum incorporated larger boulders
extending down into the Stratum III. During the removal of the sterile Stratum III layer, a
pit of loosely compacted Stratum II soil was observed in the western half of the trench.
This fill formed a burial pit within the Stratum III layer. The burial pit originates from the
base of Stratum II and intrudes into Stratum III, thus the burial postdates Stratum III.
Stratum III, 40-70 cm., was a very gravelly compact yellow brown (S5YR 6/6 Reddish
yellow) soil. This stratum, other than the intrusive burial pit, was sterile with evidence of
decomposing bedrock.

Cultural Material

Cultural material was collected from Strata I and II, and from the interface between
IT and HI during the excavation of Trench 2. Cultural material collected includes both
midden and artifacts, and also charcoal samples to be analyzed and carbon dated.

Midden was collected from Strata I and II and from the interface between II and III.
Stratum I produced a total of 92.6 grams of marine invertebrate, 5.6 grams of unsorted
animal bones, 114.2 grams of kukui nut, and 491 grams of charcoal. Stratum II produced
a total of 218.9 grams of marine invertebrate, 22.7 grams of unsorted bones, 82.7 grams
of kukui nut, and 9.3 grams of charcoal. Midden was also collected from the boundary
between the Stratum II and Stratum III. Stratum II is contemporaneous with the
occupation of this feature.

Artifacts were collected from the Strata I and II only. Artifacts collected from
Stratum [ included one shell bead, 35 volcanic glass flakes, one basalt adze flake, and
some gourd fragments. Artifacts collected from Stratum II included one ke'e (octopus)
lure sinker (basalt), and 40 volcanic glass flakes. No historic artifacts were found during
the, excavation of Trench 2. No artifacts were found below Stratum II.

Human Burial

During the excavation of Trench 2 a human burial was discovered at 40 cm., in a pit
originating in Stratum II. The burial was located in the west face of the trench in a clearly
visible pit, flexed and articulated with the skull oriented to the west, and the skeleton
placed on its right side. One associated artifact was observed with the burial, a stick, 65
cm. long and 2 cm. in diameter, worked on both ends. This stick was found on the top of
the burial. Judging by the length of the long bones and the size of the skull, the burial
appears to be a juvenile. The burial was recorded and the trench was backfilled to prevent
any further disturbance.

Radio Carbon Sample

A charcoal sample was collected from the base of the burial pit. This sample
originated as part of the burial fill from Stratum II as the pit was prepared in the
otherwise sterile Stratum III layer. Therefore the charcoal sample would have been either
contemporaneous with the burial or would have predated it. The radiocarbon date reveals
that this site was probably utilized during "prehistoric" times. This feature has been
interpreted as a temporary habitation shelter. [Stride et al. 1989:40, 43]
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Figure 22. Site 4515, Feature B, Trench 2 west face profile (from Stride et ai. 2003:42).

ARCHAEOLOGICAL EXPECTATIONS FOR THE
APE

There were no sites recorded within the current APE as a result of the previous archaeological surveys that
included portions of the current APE. However, a recent informal reconnaissance revealed the presence of
an extensive network of irrigation features associated with former sugarcane cultivation, and the Kennedy
(1989) study documented one such feature (Site 4707) just outside the current APE. The historical record
indicates that by 1935 irrigated sugarcane fields covered nearly all of the study area, which also contained
an artesian well and a several acre reservoir (see Figure 12). Given this extensive and intensive use, it is
likely that any earlier archaeological features were significantly impacted if not completely destroyed. It is
the current expectation that within the defined APE, Historic Period features related to plantation
cultivation and possible military activity will make up the majority of the archaeological features observed.
It is possible, however only remotely so, that Precontact resources have survived in spite of the more recent
land use activities. Given the findings of the previous archaeological studies in areas just outside of the
current APE, such resources could include burials, habitations, and agricultural features.
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FIELDWORK

Fieldwork for the current project was conducted on August 20-24, 2007, September 11-14, 2007, and July
7-10, 2009 by Matthew R. Clark, B.A., Christopher S. Hand, B.A., Olivier M. Bautista, B.A., Ashton K.
Dircks, B.A., Johnny R. Dudoit, B.A., and Jenna K. Matthews, B.A. under the supervision of Robert B.
Rechtman, Ph.D.

Identifying Possible Historic Properties

The APE boundaries were identified in the field through the use of GPS. The study area was subject to
pedestrian transects with spacing intervals ranging from 10 meters 30 meters based on vegetation and
topography. When archaeological resources (or land alterations; e.g. bulldozing, fence lines, etc.) were
encountered, they were plotted on a map using Garmin 76s handheld GPS technology (set to the WGS 84
datum), and mapped, photographed, and described. An attempt was also made to inspect those sites
previously recorded outside of the APE but within the overall subject property to verify their locations
relative to the current study area boundary.

In addition to the archaeological fieldwork, archival cartographic material relative to the plantation
infrastructure was obtained and correlated with the field findings. Also, there was significant consultation
with individuals and organizations knowledgeable about the area and past land use practices conducted
therein. Beginning in the spring of 2006, First Wind established a dialogue with community members with
respect to the current planned project. Consulted organizations have included the Ko‘olauloa Neighborhood
Board, the Boards of the Kahuku Village Association and the Kahuku Community Association, Kahuku
Elderly Housing, and the Laie Community Association. First Wind has also been in discussions with
community representatives for the Turtle Bay resort. In addition, First Wind is actively working with the
administration and teachers at Kahuku High & Intermediate Schools and has presented information about
the wind farm to a number of classes ranging from Hawaiian immersion to physical science. It was during
the numerous consultation meetings and presentations that several individuals, including Ms. Dawn
Wasson, highlighted the rich history of the coral bluffs located on and near the current study property. In
response to the community concerns, First Wind has committed to preservation of the coral bluff areas as
well as to the documentation of the mo ‘olelo concerning these areas.

Findings

As a result of the current study one site was recorded within the APE. This site, SIHP Site 4707 (retaining a
site designation for a seemingly related feature that exist just outside of the current APE), incorporates the
extensive plantation infrastructure (primarily an irrigation network, Figure 23) that a review of historical
archival data indicates dates from the late nineteenth to the middle twentieth century. Kennedy (1989) first
assigned Site 4707 to a concrete and cobble irrigation ditch with the inscription “1937” in a concrete
portion of the ditch. This feature is part of the extensive irrigation network that is found within the current
APE and thus a decision was made to retain the SIHP Site 4707 designation for all of the Kahuku
Plantation infrastructural elements as they are functionally interrelated.

SIHP Site 4707

Site 4707 is the designation for the sugarcane field infrastructure that still remains within Kahuku. This
infrastructure was developed by the Kahuku Sugar Plantation between 1890 and 1971. It is widespread
within the current APE and beyond. What remains of the infrastructure within the APE is largely related to
the irrigation of the cane fields and the transportation of the harvested cane from the fields to the mill.
Specific features observed include flumes, ditches, pipes, reservoirs, wells, pumps and pump houses,
markers, roads, and bridges.
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Figure 23. SIHP Site 4707 plan view.
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The project area falls within the Pump 5 Section of the former Kahuku Plantation Company’s fields
(see Figure 12). With the exception of a few small areas of wasteland, the entire APE was once planted in
sugarcane. The APE consists of portions of former Fields 9, 10, and 16. These fieclds were segmented into
smaller field units ranging between roughly 0.5 and 14 acres in size. Each of the smaller field units was
bounded by irrigation ditches. The 1935 map of the Kahuku Plantation Company lands shows this system
of irrigation ditches and the acreage of each of the small fields they bounded (see Figure 12). In addition to
the ditches, the 1935 map also shows two reservoirs and Pump 18 within the APE. Pump 18 is shown along
a pipeline that ran between Pump 5 (makai of the APE) and one of the reservoirs.

Although impacted by modern land disturbance, vegetation, and erosion, much of the sugarcane
irrigation infrastructure is still present within the APE (see Figure 23). The system of irrigation ditches that
remains today closely resembles the 1935 configuration of ditches. One of the two reservoirs and Pump 18
were relocated within the APE, and several additional irrigation features, added to the fields during the late
1930s and early 1940s, were also discovered. Though extensive, with miles of ditches that provided water
to roughly 230 acres of fields within the APE, the network of irrigation features functioned fairly simply.
The system relied on groundwater that was pumped up hill from Pump 5 through a large diameter metal
pipe (labeled aqueduct on the 1983 U.S.G.S. Kahuku quadrangle; see Figure 1) to Pump 18, and then up to
a reservoir located near the mauka boundary of the APE. From the reservoir water was gravity fed into a
system of earthen and stone embanked ditches that gradually carried it down slope to the fields. At each
field, a network of smaller earthen ditches, concrete flumes, and/or metal flumes was present that carried
the water from the larger ditches to the rows of sugarcane. Water was directed through the irrigation system
by opening and closing a series of sluice gates. Excess water and storm runoff was directed to
Kalaeokahipa Gulch, and other smaller natural drainages that fed into it, where it ran toward the ocean and
filtered back into the aquifer.

A number of different types of irrigation ditches and flumes are present within the APE including
earthen berm lined ditches, earthen berm and stone lined ditches, stone lined trenches, excavated shallow
earthen ditches, stone and concrete flumes, concrete flumes and ditches, sectional concrete flumes, and
sectional metal flumes. As discussed above, the berm lined ditches are the main irrigation channels. These
ditches generally run cross-slope, following the upper edges of steeper slope planes within the APE. As the
ditches progress they gradually meander down slope to ensure that the water flows steadily in the desired
direction. The route of each ditch is dictated by the topography of the slope edge that it follows. All of the
ditches are excavated into the natural slope of the terrain, and the soil material removed from the water
channel is piled along the downslope edge so that the upslope ditch edge is formed by the natural slope, and
the downslope ditch edge is formed by bermed soil material (Figure 24). At bends, especially in steeply
sloped areas, the interior downslope berm edges are lined with stacked stones to help prevent erosion
(Figure 25).

The other types of flumes and ditches run off of the main irrigation ditches. At numerous locations
along the route of each of the berm lined ditches, breaks are present in the downslope bermed edge that
were used to direct water flow into the field areas. Typically the breaks in the bermed edges spill into stone
lined trenches. Many of the stone lined trenches contain upright concrete panels with channeled edges that
once held wooden sluice gates in place (Figure 26). Several of the concrete panels contain the inscription
“K P” (Kahuku Platation?) on one side of the former gate and “No. 4” on the other side. Where the stone
lined trenches diverge from the berm lined ditches they run for short distances, generally in several
directions. The stone lined ditches usually flow into shallow excavated ditches, sectional concrete flumes,
or sectional metal flumes that carried water to the rows of planted sugarcane.
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Figure 25. The typical stacked stone interior edge of an earthen berm lined ditch.
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Figure 26. Sectional concrete flume.

The excavated ditches are all shallow channels in the earthen ground surface that run down slope. They
are typically no more than 50 centimeters wide by 20 centimeters deep. The ditches may have been deeper
when operational, but have filled in with sediment over time. These and the sectional concrete flumes are
the most prevalent irrigation features within the APE. The sectional concrete flumes consist of mass
produced, square sided, U-shaped, concrete channels (commonly referred to as Waialua Flumes) that were
placed end to end in a line to carry water in a downslope direction (see Figure 26). Two different sectional
types placed alternately were used to create these flumes (Figure 27). Type 1 is simply a concrete channel
that measures 0.91 meters long by 0.27 meters wide by 0.215 meters tall, and Type 2 is a concrete channel
with an outflow opening along either edge. The Type 2 concrete flume measures 1.22 meters long by 0.27
to 0.4 meters wide by 0.215 meters tall. The outflow openings measure 0.14 meters tall by 0.09 meters
wide and they are blocked by a thin sheet of metal that could be pulled up to allow for water flow into the
fields at a desired location (Figure 28). The concrete fume sections are held together and made water tight
with a black tarlike material. The sectional metal flumes are the least prevalent within the project area, and
it appears that many of the sections may have been removed from the APE after the Kahuku Plantation shut
its doors in 1971. These sections are of modern origins, and were likely the last added to the fields. Each
section is a shallow aluminum trough containing a rubber gasketed outflow opening at its base (Figure 29).

One other type of flume, limited to a couple of isolated locations within the APE is constructed of
stone and concrete. This type of flume measures 1 to 1.25 meters wide and stands 0.5 meters tall (Figures
30 and 31). It consists of two perpendicular alignments of stacked stones, 50 centimeters distant from one
another, which support a concrete lined channel, 0.5 meters wide by 0.5 meters tall, between them (see
Figure 27). The sectional concrete flumes branch off of this type of flume, suggesting that it may have
served as a main irrigation channel similar to the berm lined ditches. These stone and concrete type flumes
are generally located in flatter terrain joining bermed ditches. The construction style suggests that they may
be some of the older constructions within the Site 4707.
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Figure 27. Sectional concrete flume plan view and stone and concrete flume cross-section.
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Figu_re 8. Sectional concrete flume Type 2 outflow opening.

Figue 29. Sectionl metal flume.
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Figure 30. tne and cocfete flume edge.

Figure 31. Stone and concrete flume water channel.
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Former cane haul roads within the APE typically follow the routes of the main irrigation ditches. These
old roads are mostly overgrown and no longer drivable. Most of the currently drivable roads within the
APE appear to date to the ranching use of the parcels (post-1971). These bulldozed roads cross cut the
ditches and flumes and often follow fence lines. The cane haul roads are generally only recognizable as
artificially leveled alignments following next to the ditches, or at locations where they formerly crossed a
ditch. At locations where a road traversed a ditch either a concrete culvert or large diameter iron pipe is
present that runs beneath the road bed (connecting to the ditch on each side), or a bridge is present. Former
bridges were noted at two locations within the APE. Both were constructed of short spans of railroad rails
overlaid with wooden planks, stones and soil, and were in extremely poor condition (Figure 32). A large
amount of historic and modern trash (mostly 1930s to 1970s bottles and cans) was noted on the ground
surface along the routes of the former cane haul roads.

4 a

Figure 32. A former bridge crssing an irrigatio ditch.

Several dates of construction were identified in concrete at features within the APE. The dates indicate
that the major infrastructural development for sugarcane cultivation within the APE took place between
1925 and 1943. The oldest date (August 1925) was discovered in concrete near the outflow pipe of the
former reservoir located along the mauka boundary of the APE (Figure 33). This small reservoir (75 meters
by 100 meters) no longer holds water. It has earthen embanked sides that stand up to 5 meters tall. The
outflow pipe is located within a rectangular concrete lined depression at the base of its western
embankment along its exterior edge (Figure 34). The reservoir was formerly filled by a large diameter
metal pipe that ran underground to it from Pump 18 (Figure 35). The pipe enters the reservoir at an inlet
pipe/valve located in its eastern corner (Figures 36 and 37). A second reservoir that was once present in the
western portion of the APE according to the 1935 Kuhuku Plantation field map (see Figure 12) was not
relocated. It appears that this second reservoir was turned into sugarcane fields at some point after 1935, as
sectional concrete flumes cross the area where it was formerly located.
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Figure 35. Exposed section of an underground pipe between the reservoir and Pump 18, view to
southeast.
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Figlfre 36. Reservoir inlet pipe/valve, view to north.
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Figure 37. Reservoir inlet pipe/valve, view to east.

Two iron pipes, set in concrete with dated inscriptions, where discovered at two separate locations
within the APE. These pipes appear to be former survey markers. The first was found in a roadway at the
base of a small steep-sided hill near the western extent of the APE. The inscription in the concrete at the
base of that pipe reads, “BOLT / J.B.M. / 1934” (Figure 38). The second was found next to a pile of
boulder rubble in the central portion of the APE. The inscription in the broken concrete at the base of that
pipe reads, “1C / 1938” (Figure 39). Both pipes had been freed of the ground surface in which the concrete
was originally poured, and neither pipe was at its original location.

The date “12-2-38” was discovered in the concrete foundation of a small, tin shack, pump house
(Figure 40) located along the route of an earthen berm lined ditch near the northwestern boundary of the
APE. The shack measures 3.75 meters long by 2.75 meters wide by 3.5 meters tall (Figure 41). It covers a
pump mechanism and has a pipe inlet along one edge and a shut-off valve along another (Figure 42). The
shack once had power running to it as indicated by a light switch inside and a rotted power pole nearby.
This pump, which was added to the fields in 1938 after the 1935 Kahuku field map was prepared, appears
to have directed water flow to fields outside (west of ) the APE. Stone and concrete lined ditches conjoin
and extend in several directions at the pump house (Figure 43).

The date “July 26, 1943” was discovered in a concrete flume section (Figure 44) along the large
diameter metal pipe that runs between Pump 18 and the reservoir. This flume section connects to the
underground pipe at is eastern end (Figure 45), and feeds into an earthen berm lined ditch at its western
end. It is 6.5 meters long by 0.6 meters wide and 0.5 meters deep. The concrete along either edge is 0.25
meters thick. It appears as though this flume was added to allow water to be sent directly from the
underground pipe to the berm lined irrigation ditch.
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Figure 38. Iron pipe set in concrete discovered near the western boundary of the APE.
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Figure 40. “12-2-38” inscribed in the concrete foundation of a small tin shack pump
house near the northwestern boundary of the APE.
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Figure 42. Shut-off valve along the southern edge f the shack, view to east.
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Figure 43. Stone and concrete lined ditch junctions next to the tin shack.
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Figure 45. Concrete flume connecting to the underground pipe, view to east.
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At two other unique irrigation features located along the route of the underground pipeline, the remains
of Pump 18 and a concrete flume section with a shut-off valve, no dates were discovered in the concrete.
Pump 18 was certainly constructed prior to 1935, perhaps at a date similar to the construction of the
reservoir near the mauka boundary of the APE (ca. 1925). What remains of Pump 18 is an overgrown
concrete foundation (Figure 46) containing the rusted pump mechanism (Figure 47). The foundation, which
measures 4 meters square by 1.88 meters deep, formerly supported a small building that is no longer
present. Stairs that once accessed the building are present along the exterior northern edge of the foundation
(Figure 48). The underground pipe runs into the foundation at either end. To the southwest the pipe
continues up slope to the reservoir, and to the northeast it continues down slope, out of the APE, to Pump 5
and two wells nearby it.

To the northeast of Pump 18 along the route of the pipeline a large stone and concrete flume with a
shut-off valve is present that connects to the pipe. No date was discovered in the concrete at this flume, but
based on its construction style and materials it appears newer than the other features along the route of the
pipe. This flume is constructed of neatly stacked cobbles held together and covered with concrete. It
measures 1.7 meters wide by 1.1 meters deep, and it has sloped sides. The flume feeds off of the metal pipe
and curves from south to west emptying into an earthen berm lined ditch. The down slope, exterior northern
edge is taller than the upslope exterior edge which is terraced into the slope. The northern edge stands
nearly 2 meters high (Figure 49). Where the flume joins the pipe a metal shut-off valve is present within an
area separated from the main flume channel by a brick wall (Figures 50, 51, and 52). It appears as though
this flume was added to the APE irrigation system to allow water to be sent from the underground pipe to
the berm lined irrigation ditch.
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Figure 46. Pump 18 foundation, view to northeast.
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Figure 47. Pump 18 machinery, view to southeast.

Figure 48. Stairs at Pump 18, view to northwest.
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Figure 49. Northern exterior edge of stone and concrete flume, view to
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Fgre 51. éhlit—ff alve, view to northeast.

Figure 52. Shut-off valve view to southwest.
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SIGNIFICANCE EVALUATION AND
DETERMINATION OF EFFECTS

The site recorded during the current study is assessed for its significance based on the National Register
Criteria. This significance evaluation should be considered as preliminary until the Hawai‘i State Historic
Preservation Officer (SHPO) provides concurrence. As contained in the Federal legislation and its
implementing regulation (Section 106 of the National Historic Preservation Act and 36 CFR Part 800,
respectively), a resource must be considered a Historic Property, that is a resource “listed or eligible for
listing in the National Register of Historic Places” before a determination of effects can be made. The
criteria for evaluating eligibility (36 CFR § 60.4) are as follows:

The quality of significance in American History, architecture, archacology, engineering,
and culture is present in districts, sites buildings, structures, and objects that possess
integrity of location, design, setting, materials, workmanship, feeling, and association
and,

(a) that area associated with events that have made a significant contribution to the
broad patterns of our history; or

(b) that are associated with the lives of persons significant in our past; or

(c) that embody the distinctive characteristics of a type, period, or method of
construction; or that represent the work of a master; or that possess high artistic
values, or that represent a significant and distinguishable entity whose components
may lack individual distinction; or;

(d) that have yielded, or may be likely to yield, information important in prehistory or
history.

Site 4707, although not functional and in a state of disrepair, does retain sufficient integrity to be
considered significant under Criterion d for the historical information it has yielded relative to the
development of the sugarcane industry in Hawai‘i; thus making the site potentially eligible for listing in the
National Register of Historic Places. However, it is suggested that a reasonable and adequate amount of
information has been collected about this potential historic property during the current study to warrant a
no mitigation work requirement, and thus a no adverse effects determination for this site with respect to the
proposed Kahuku Wind Power undertaking.

As noted in an earlier section of this study and in response to consultation with Native Hawaiian
organizations and individuals within the community, First Wind will preserve the coral bluff areas that are
within the overall property under their control, but that are outside of the current APE. As part of this
preservation, First Wind is also dedicated to documenting of the mo ‘olelo concerning these culturally
significant areas. Such documentation will occur as part of an ongoing effort to conduct oral-historical
interviews with knowledgeable community members.
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RECHTMAN CONSULTING, LLC
507-A E. Lanikaula St. Hilo, Hawaii 96720
phone: (808) 969-6066 fax: (808) 443-0065

e-mail: bob@re¢htmanconsulting.com
ARCHAEOLOGICAL, CULTURAL, AND HISTORICAL STUDIES

January 12, 2010 RC-0488

Sharon R. Thomas

Environmental Protection Specialist
US. Department of Energy

1000 Independence Ave, SW, CF-1.3
Washington, DC 20585

Dear Sharon:

This letter is submitted in support of your request to SHPO for “Concurrence with a
Determination of No Historic Properties Affected” pursuant to the establishment of the First
Wind off site microwave communication system. First Wind is developing an alternative energy
production site on TMKSs: 1-5-6-05:007 and 014 in Kahuku Ahupua‘a, Ko‘olauloa District, Island
of O‘ahu. An archaeological survey report in compliance with Section 106 of the National
Historic Preservation Act has already been submitted for this project area. Once complete, First
Wind’s power generating facility will be incorporated into HECO’s power grid. In compliance
with the U.S. Department of Energy and HECO, First Wind will be required to establish a high-
speed communications system using microwave radio technology in order to protect the electrical
grid in case of outages. The microwave communication system will involve the placement of line
of sight microwave dishes at several locations (both on and off-site) between First Wind’s
Kahuku project area and the two HECO electrical substations located at Wahiawa and Waialua
(Figure 1).

In all, seven locations will be utilized for the placement of microwave dishes (see Figure 1). Two
of these will be within the existing Kahuku project area and their placement is within the
established APE for the wind energy project. Three will be a co-location on existing
communications towers, and thus will have no effect on historic properties; and two will require
the construction of new towers. Of this latter category one will be located within the HECO
Waialua Substation in Haleiwa (TMK: 1-6-6-018:037). This area is an already developed site
(Figures 2 and 3) and the placement of an additional tower within this site will have no effect on
historic properties.

The final proposed new tower (40 feet tall) will be situated within Kamananui Ahupua‘a, Waialua
District, Island of O‘ahu (see Figure 1). The proposed tower site is located within a roughly 1,518
acre property (TMK: 1-6-7-002:004) that is owned by Dole Food Co., Inc. and leased by Waialua
Ranch Partners. The property was included in previous island-wide archaeological studies
conducted by McAllister (1933) and Sterling and Summers (1962). As a result of those studies
three archaeological sites were recorded in the vicinity of the new tower location. The sites
include a concealed burial cave in the cliff along the western edge of Kaumoku Gulch (Site 198),
several piles of stones near the mouth of Kaumoku Gulch (Site 199), and a cave near the outlet of
Kaumoku Gulch that was said to have contained human skeletal remains twenty years prior to the
McAllister survey (Site 200). The Ito Ditch, constructed by the Waialua Agricultural Co. during
the early twentieth century, also passes through the property makai of the current project area.
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McAllister (1933) noted that blasting associated with the construction of this ditch appeared to
have caused the ceiling of Site 200 to collapse.

The proposed new tower location is situated on the eastern ridge of Kaumoku Gulch at an
elevation of roughly 750 feet above sea level (Figure 4). It is contained within a fenced paddock
that is currently used as pasture by the Flying R Ranch. The location of the proposed tower places
it well to the south and east of the sites previously recorded by McAllister (1933) and Sterling
and Summers (1962). Two of the previously recorded sites (Sites 199 and 200) were noted on the
property to the north of the proposed development area along an existing access road. An
inspection of the development area by Rechtman Consulting, LLC on January 8, 2010 revealed
that the 30 foot by 30 foot proposed new tower site has been previously bulldozed (Figure 5), and
that no archaeological resources are present. A roughly 500 foot long by 15 foot wide proposed
access road corridor that follows a firebreak road from an existing access road to the proposed
tower location was also inspected (Figures 6 and 7), and again no archaeological resources were
encountered.

Given the negative findings and the previous land disturbance that has already occurred at all of
the proposed microwave dish sites, it is our conclusion that no historic properties will be affected
by the establishment of the First Wind microwave communication system. Should you require
additional information or if you have any questions please feel free to contact me directly.

Regards,

R

Bob Rechtman, Ph.D.
Principal Archaeologist

cc:/Wren Wescoatt — First Wind
Reference Cited
McAllister, J.
1933 Archaeology of Oahu. B.P. Bishop Museum Bulletin 104. Bishop Museum Press,
Honolulu. (New York: Kraus Reprint Co., reprinted 1971)
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1962 Sites of Oahu. Book 6. Vol. 1 Honolulu: Bishop Museum Press.
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Figure 1. Locations of the proposed microwave dishes.
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Figure 3. Existing HECO Waialua substation, new First Wind microwave tower to be
erected in background near pole.
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Proposed tower location -

Figure 5. Proposed new tower site, view to north.
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Figure 8. Gate along propod access road route (ner the existing access road),
view to northeast.





