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Kane‘ohe Bay along two corridors proposed for
subterranean pipelines.
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45-939 Kamehameha Hwy, Suite 104

Kane’ohe, Hawai’'i 96744

Phone: (808) 234-7770 Fax: (808) 234-7775 Email: aecos@aecos.com

Executive Summary

A sewage main completed in 1977 moved treated sewage from a discharge point in South
Kane‘ohe Bay to a deep outfall off Mokapu Peninsula. The environmental benefits to the Bay
were soon apparent, and recovery of the coral reefs has continued over the last 30 years. A
pipeline to replace or supplement this 1977 pipe connecting the Kane‘ohe Wastewater
Treatment Plant to the ‘Aikahi plant is now proposed. One alternative is to use slant drilling
from behind the Kane‘ohe and ‘Aikahi shores to deploy the pipe under the sea floor to avoid
disturbance to the marine biota. Original alternatives for this deployment included possible
connection points within the Bay where box-shaped areas would have been isolated by
sheet pilings driven into the bottom sediment and material removed dredged to allow
access to connect pipe ends. However, the final plans are: in-water construction activities
are not contemplated for pipeline deployment. The present study was conducted to
evaluate areas along the subterranean pipeline that would be sensitive to construction-
related activities were these required for the pipeline deployment.

Surveys were conducted September through November 2009 to define the benthic and fish
communities in the project area. Initial rapid visual assessments of the biota were
conducted at stations located 500 ft apart along two alternative pipeline routes. These
visual assessments were followed by quantitative measurements (percent cover) of benthic
organisms at each station using two, 10-m long transects. At deeper lagoon sites, found to
be entirely fine sediment bottom, transects were not used, but counts were made of the
number of burrow openings as an indication of the presence of organisms living within the
sediment. Sediment meiofauna (very small infaunal organisms) were sampled within the
fine lagoon sediments as well off the mouth of Kane‘ohe Stream and from coarser sediments
on the reef flats.
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Survey results show that most of the reef flat environment along the proposed pipeline
routes is highly degraded and dominated by invasive algae, with reef corals absent and reef
fishes present in low abundance. Macrobenthos and fish are virtually absent on the reef flat
off Kane‘ohe Stream. The only substantial coral reef cover and reef fish populations occur
on a series of linear bottom features in a previously dredged area, 6000 to 7000 ft from the
Kane‘ohe origin of the Blue Line, at a point where the proposed pipeline would bend toward
the ‘Aikahi shore. A substantial growth of seagrass also occurs in this area. An area with
intermediate coral cover and reef fish abundance is found near the reef edge at 2000 ft from
the Green Line origin. Smaller amounts of coral cover occur on reef slopes near the 7000
and 8000-ft Blue Line stations. These areas are the only ones potentially sensitive to
disturbance arising from pipeline deployment. No endangered or threatened marine
species would have been impacted by pipeline deployment, and a species of concern
formerly abundant in south Kane‘ohe Bay, the articulated brachiopod, Lingula reevi, has
been found to be virtually absent in recent years.

Because pipeline deployment is proposed through subterranean slant drilling, the only
unavoidable impact to marine communities would have been at connection point shafts
where pipe ends would have been joined. Seven possible locations were evaluated using
sediment infaunal densities for macrofauna and samples of meiofauna taken at three of
these. Although the estimates indicate that millions of individuals (and up to 100 kg of
macrofauna) would have been removed from the upper layer of sediment by dredging out a
200 x 200-ft connection shaft, these impacts would be temporary, and the sediment infaunal
community would recover once construction was completed and bottom sediments
restored to the dredged area(s). A bigger concern was isolating dredging turbidity plumes
from adjacent sensitive areas. Recommendations are made herein for locating any
emergency in-water activities related to pipeline construction as far as feasible from
sensitive coral bottom and seagrass areas.
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Introduction

Project Description

A subterranean pipeline placed beneath Kane‘ohe Bay has been proposed as an
alternative to a land-based route for a new pipeline (sewage force main) to
supplement or replace the existing pipeline linking the Kane‘ohe and Kailua
(‘Aikahi) Wastewater Treatment Plants (WWTP) on windward O‘ahu,

Two alternative routes crossing the south part of Kane‘ohe Bay (Fig. 1) were
considered:

e A route from the Kane‘'ohe WWTP, beginning near the east bank of
Kane‘ohe Stream extending northeast to the Kailua WWTP, herein
referred to as the “Blue Line” route.

e A route beginning at the shoreline in the vicinity of the Kokokahi
YWCA and extending north-northeast to intersect the Blue Line
route to the Kailua WWTP, herein referred to as the “Green Line”
route.

Both alternatives follow along the same route on the Kailua (‘Aikahi) half of the
proposed project using slant drilling from the Kane‘ohe and ‘Aikahi shore areas.
Original alternatives for this deployment included possible connection points
within the Bay where box-shaped areas would have been isolated by sheet
pilings driven into the bottom sediment and sediments dredged out to expose
pipe ends for joining. However, no in-water construction activities are now in
the final plan for the pipeline deployment.

Marine biological surveys were conducted in September through November
2009 by AECOS, Inc. biologists along the alternative routes of the subterranean
pipeline. This report details findings from these surveys.
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Kaneohe

1,000 0 2,000 Feet
A

Figure 1. Southern Kane‘ohe Bay showing alternative “blue” and “green”
pipeline routes as a series of stations set 500 ft apart. Note that the green route
would continue northeast to ‘Aikahi as the blue route beyond 5000 ft.
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Figure 2. Aerial view of Kane‘ohe Bay.

Environmental Setting

Kane‘ohe Bay is the most prominent nearshore marine feature on the windward
side of the island of O‘ahu, Hawai‘i and is the largest sheltered embayment in
the Hawaiian Islands, with the only well developed barrier reef system in the
Islands (Fig. 2). It is approximately 13-km by 4-km wide oriented in a
northwest-southeast direction and receives the drainage of a watershed of
approximately 97 km? from a number of streams that flow down from a
boundary of near-vertical cliffs that enclose the watershed. The bay’s seaward
side is semi-enclosed by a barrier reef that extends across its mouth, with
channels at the northwest and southeast ends of the barrier reef that allow
increased access of open ocean water into the bay. The interior of the bay is a
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lagoon surrounded by fringing coral reefs and numerous patch reefs that
become more numerous going northward in the bay. Salinities in the bay range
from near oceanic levels (35 PSU?) in open water areas, but can drop to less
than half that value in shallow depths following torrential rainstorms. Water
temperatures can range between 13 and 33°C but average about 18 to 29°C
annually. Bottom depths in the bay range from awash on flats during lowest
tides to 10+ m (33+ ft) in the lagoon. Sediments on the lagoon floor are
flocculent silts and clays with a substantial terrigenous component and on reef
flats, sediments are fine to medium grain calcareous sands, with sand becoming
a greater proportion of the sediment going northward in the bay.

Based upon degree of isolation from the open ocean, circulation patterns, and
environmental attributes, the bay is usually differentiated into three major
areas. The north bay section extends from the north entrance channel about
one third of the distance southward to Kahalu‘u Point and is the most pristine
part of the bay with the most patch reefs, highest coral cover, and lowest
nutrient and particulate organic concentrations in the water. Next southward is
the central bay, extending to a line between Mokapu Peninsula and Coconut
Island and intermediate in its characteristics of circulation, reef development
and nutrient/particulate concentrations. The south bay is enclosed by land on
three sides and consequently has the least exchange with open ocean
circulation, the highest turbidity and nutrient levels, and most limited reef
development in comparison with the other two sections. Water circulation in
this sector is generally clockwise, entering from the north between Coconut
Island and Mokapu Peninsula, flowing through the south bay and reentering the
central bay west of Coconut Island. Residence time is approximately two weeks.
The lands surrounding the south bay are more developed (urban and suburban)
than the watersheds draining to the north and central sectors. Fresh water
runoff and flooding are therefore more significant factors here than elsewhere
in the bay, and dense turbidity plumes are often visible over substantial areas of
the south bay following intense rainstorms in Kane‘ohe. An extensive annotated
bibliography of information related to the environment, ecology, and history of
Kane‘ohe Bay is included as Appendix A.

Historical Perspective

Kane‘ohe Bay has long been recognized as a unique marine environment that
once supported abundant reef corals and associated marine life. The earliest
report (Wilson, 1922) was from James Macrae, botanist on Byron's voyage to
Hawai‘i in 1824-1826 who noted that Kane‘ohe Bay was open, exposed and "full
of rocks in many places above water which renders it unsafe for vessels to

1 PSU = practical salinity unit; replaces the older parts per thousand (ppt) for technical reasons.
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anchor. It is full of fish." Agazzis (1889) described Kane‘ohe Bay to have its
bottom “covered in many places by numerous more or less circular patches of
living corals in all stages of growth... with their sides covered with magnificent
clusters of Pocillopores and Porites... and the simpler Fungiae so characteristic
of the Pacific reefs.” MacKaye (1915) mentioned “over a hundred varieties of
corals are known to exist in Kane‘ohe Bay” that were colored “yellow, red,
green, brown, and lavender, with snow-white corals making bright spots along
the reefs”. He listed the 16 major coral species that composed the “coral
gardens” in the south bay, which was in the vicinity of the present Makani Kai
Marina. MacCauhghey (1918) remarked that in Kane‘ohe Bay there were“many
small coral isles and atolls; some are of notable perfection and that in the bay
“in protected waters of inner channels or lagoons that corals attain their finest
development”. (Edmondson, 1928) described the bay as "one of the most
favorable localities for the development of shallow water corals” with “nearly all
the reef-forming genera known in the Hawaiian Islands ... represented in
certain areas of this bay and many species grow luxuriantly."

The Kane‘ohe Bay region was a major Hawai‘i population center prior to and for
a time after European contact. The bay area included nine ahupua’a valleys
extending from the mountaintop to the sea and about 30 fishponds and was
highly productive. Population at the time for Kane‘ohe at European contact has
been estimated variously as around 15,000 to 17,000 (Devaney, et al., 1976).
Following European contact the native population of the Kane‘ohe Bay region
fell precipitously due to introduction of diseases, disruption of native society,
and culture and emigration into the growing district of Honolulu across the
Ko‘olau. By the time of the first Hawai‘i census in 1831, the population of the
nine Kane‘ohe ahupua’a was recorded as 3,019. Population for the district
reached its lowest in 1872, when only 2,028 persons were recorded, or about
4% of the 1831 value and only about 10% of the number estimated some 100
years earlier. Although population began to increase in the 1870s, the 1831
value was not reached until the 1920s. Population for Ko‘olaupoko District then
doubled in less than 20 years, reaching 9000 in 1940, and then again in ten
years with over 20,000 in 1950, the population distributed about evenly
between Kane‘ohe and Kailua-Waimanalo areas.

Considerable change occurred in the water quality and marine environment in
Kane‘ohe Bay with urbanization and development of the watershed in the
second half of the 20th century. This phase of the history of windward O‘ahu
and Kane‘ohe Bay began in about 1945 as residents of Honolulu began to utilize
the improved Pali Road to visit the area, with many people eventually making
their homes in Kane‘ohe-Kailua once the modern Pali (in 1957) and Likelike (in
1960) highways were completed. The enhanced accessibility to Honolulu urban
centers that these roads afforded, resulted in the Ko‘olaupoko District
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population increasing rapidly, reaching 92,000 in 1970, 110,00 in 1980 and
122,000 in 1995. Most of the population increase in the last 30 years has
occurred in the Kane‘ohe area, which accounted for 60,000 of the 110,000 for
the Ko‘olaupoko district in 1980 (Smith, et al., 1980). This “opening up” of the
windward side resulted in considerable impacts to Kane‘ohe Bay. The hardened
surfaces of roads, parking lots and roofs diverted rain water into storm drains
and streams that previously would have percolated into the ground, but now
flowed quickly into the bay, along with sediments from hillside slopes
uncovered by construction and development. Nine of the bay’s 30 fishponds
that are indicated to have existed in the 19th century were filled between 1946
and 1948 and used for housing sites, and only 12 of the original ponds remain
today. Principally as a result of extension and development of the Kane‘ohe
Marine Corps Base just prior to World War II, large areas of the Bay were
dredged and filled, especially in the south bay in the vicinity of Mokapu
Peninsula. Between 1939 and 1941 over two million cubic yards of reef area
were dredged in areas on the bay side of Mokapu and much of the material used
to extend the shoreline for the Marine Base runways (Devaney, et al., 1976).

The Marine Base was also the first source to release sewage into the bay,
beginning with the discharge of untreated primary sewage in the southeast bay
in the 1940s. In 1971 sewage treatment at the Marine Base was upgraded to
secondary (removal of suspended solids and reduction of organic load). Prior to
1963 municipal waste from Kane‘ohe town was handled by a network of
cesspools and septic tanks. In 1963, the Kane‘'ohe WWTP became operational,
utilizing secondary treatment and discharging effluent into south Kane‘ohe Bay
at a depth of 8 m. In 1970 a small secondary treatment constructed for a
housing development at ‘Ahuimanu began discharging in central Kane‘ohe Bay.
By 1975 the total sewage discharge from these three sources had risen to a total
of about 17,000 m3/day, with about 70% of the total coming from the Kane‘ohe
municipal discharge into south Kane‘ohe Bay.

By the early 1970s the water quality and marine environment of Kane‘ohe Bay
had been severely degraded, especially in the south basin where a residence
time for water of approximately two weeks (Bathen, 1968) meant that nutrients
and suspended solids discharged by the sewage outfalls, streams and shoreline
runoff accumulated, stimulating phytoplankton growth. Conditions at that time
in the bay were described in several publications (Banner and Bailey, 1970;
Maragos, 1972, 1973; Smith, et al., 1973; Banner, 1974; see also Laws, 1981 for
a summary discussion). It had been evident for years that effluents were
causing eutrophication and biological damage in the bay, especially in the south
basin where reef corals had essentially ceased to occur (Maragos, 1972; Laws
and Redalje, 1979). A benthic community dominated by suspension and deposit
feeders such as sponges, zoanthids, polychaetes and tunicates utilizing the
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increased organic load and plankton productivity replaced the former coral
bottom community. Distributions of corals (Maragos, 1972, 1973) as well as
macroalgae (Soegiarto, 1973), and reef fishes (Key, 1973) showed dramatic
decreases in the south basin, and corals transplanted into this area failed to
grow or survive (Maragos, 1972). Mid-bay shallow reefs were dominated by an
invasive macroalga, Dictyosphaeria cavernosa, which overgrew corals and
weakened their skeletons (Banner and Bailey, 1970; Maragos, 1972). A study of
the bay’s bathymetry (Roy, 1970) comparing depths from 1882 and 1927 charts
with fathometer readings made in 1969, indicated no significant change
between the two earlier dates, but showed a mean decrease of 1.6 m to have
occurred between 1927 and 1969. The composition of 72% of the sediment
deposited was carbonate, suggesting that reef degradation and subsequent
erosion exceeded reef growth during this period.

In order to counter the impacts of sewage-induced eutrophication, construction
began in 1975 to transfer Kane‘ohe sewage to a deep ocean outfall at about 30-
m depth off Mokapu Peninsula outside Kailua Bay. All sewage discharge was
permanently diverted from Kane‘ohe Bay to the deep outfall in May 1978. The
reduced nutrient loading in the bay quickly manifested itself in reduced
plankton, suspended solids, and turbidity in the south bay. The benthic
community shifted from dominance by suspension and deposit feeding
detritovores to autotrophic algae and reef corals which could utilize the
improved light penetration of the water column (Smith, 1981). Resurveys of
reef sites in the bay in 1983 (Maragos, et al. 1985; Alino, 1986; Evans, et al.
1986; Holthus, et al. 1986; Holthus, et al., 1989; Guinther and Bartlett, 1986 )
revealed a shift in the composition of reef organisms and a remarkable recovery
of corals, especially Porites compressa and Montipora verrucosa (= M. capitata)
in the south and middle sectors, while Dictyosphaeria cavernosa declined greatly
except for a minor increase in the northern sector.

Along with the impact of sewage discharge, an important environmental factor
affecting Kane‘ohe Bay has been periodic runoff from torrential rainstorms.
Major storms occurring in 1965 (Banner, 1968) and 1987 (Jokiel, et al., 1993)
had somewhat contrasting impacts on the benthic communities over the long
term. Both storms yielded sediment laden, low salinity water over the shallow
depths of the reefs that resulted in extensive mortality for benthic organisms
and fishes. Damage from the 1965 storm was long-term on some shallow reefs
directly impacted by the flood in the south bay, which underwent a shift in the
dominant benthic component from reef corals to the colonial anemone,
Zoanthus (Banner, 1968; Maragos and Chave, 1973). After removal of sewage
discharge from the south bay, the Zoanthus population diminished, probably
due to food limitation, and the 1987 storm did not produce another shift to
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Zoanthus dominance, but rather a recovery of corals from tissues remaining in
the apparently dead coral skeletons (Jokiel, et al., 1993).

Measurement of nutrients and other water quality indicators during the early
1990s indicated that nutrients had remained near or below the lowered values
that had been measured during monitoring following the removal of sewage
discharge from the bay in 1978 (Coles and Ruddy, 1995; Laws, et al., 1996).
Corals transplanted to four sites where Maragos (1972) had previously shown
high mortality in the south bay during the period of sewage discharge showed
good survival and growth in 1991-92 (Coles and Ruddy, 1995). However,
surveys conducted on benthic coverage throughout the bay suggested that the
rate of coral recovery established in 1970 and 1983 had slowed or, in some
cases, reversed and Dictyosphaeria cavernosa was again increasing at a third of
the sites surveyed (Evans, 1991; Evans and Hunter, 1992; Hunter and Evans,
1995). Studies of the nutrient dynamics of D. cavernosa (Larned and Stimson,
1996; Stimson, et al,, 1996; Larned, 1998) suggest that sediments function as
localized nutrient sources, making sustained algal growth possible despite low
nutrient concentrations in the water column, and that nutrient regeneration
from sediments beneath thalli, and/or excretion by animals inhabiting these
chambers contribute to the elevated nutrient levels utilized by the algae.

The other prominent change in Kane‘ohe Bay in the last two decades has been a
growing dominance of the benthos by nonindigenous (introduced) species. In a
comprehensive survey at 24 locations in the bay in 1999-2000, Coles et al,,
(2002) found a total of 116 introduced or cryptogenic species, mostly
invertebrates, comprising 23% of the total taxa identified in the study. Invasive
(alien) algae are of particular concern (Rodgers, 1997; Rodgers and Cox, 1999;
Coles et al., 2002, Smith and Hunter, 2002). The first introduced algae noted in
Kane‘ohe Bay was Acanthophora spicifera, which was reported by (Doty, 1961)
who mentioned Kohn (1959) recording this species on the egg cases of Conus
quercinus collected in Kane‘ohe Bay This alga is believed to have been
accidentally introduced into Pearl Harbor on a barge during WW II (Doty, 1961;
Russell, 1992). The remaining algal introductions were purposeful as potential
aquaculture species that did not prove practical or profitable but managed to
proliferate on their own. The most thoroughly documented introductions were
various species of Kappaphycus or Eucheuma (Russell, 1983) which were
introduced by Doty in 1974 and rapidly spread over the reef on which they had
been placed. Although originally proposed to be limited in ability to disperse
because of light limitations that prevent survival in deep water (Russell, 1983),
subsequent surveys (Rodgers and Cox, 1999) have shown Kappaphycus to had
spread throughout the bay at an average rate of 250 m per year, or over 6 km
from its point of introduction in 1974. Another algae introduced in that year,
Hypnea musciformis from Florida, was originally planted on reefs in Kane‘ohe

AECOS Inc. [File: 1215C.doc] Page | 10



Kane‘ohe-Kailua Force Main KANE'OHE BAY, O‘AHU

Bay and while not prominent in the bay, has spread to many other locations on
O‘ahu and other Hawaiian islands, becoming an especially invasive pest on the
south and west coasts of Maui. The most recent introduction, Gracilaria
salicornia, has proliferated rapidly since its introduction in 1978, with an
average rate of spread of approximately 280 m per year in the bay (Rodgers and
Cox, 1999). This is now the most widespread and abundant alien algae in the
bay, where it covers large areas of shallow reef, especially in the south bay.

Both Kappaphycus and G. salicornia smother and displace live coral and native
species of algae on reefs and prevent the utilization habitat by reef-associated
invertebrates and fishes. Additional competition with corals by an invasive
sponge, Mycale grandis, has been recently reported (Coles and Bolick, 2007)
that may limit further reestablishment of corals on the reefs in the south bay.

During the last two decades increasing popularity of Kane‘ohe Bay and
perception of its value as a recreational and income-producing asset has
resulted in competition among user groups for the bay’s space and resources.
The bay is now heavily used by recreational and commercial fishermen, power
and sailing boaters, tourist-oriented business providing experiences in
snorkeling, high speed watercraft, glass bottom boat tours, and scientific
research at the Hawai'i Institute of Marine Biology (HIMB), from which
scientists have studied the bay for over 50 years. The mix of these activities
sometimes conflict and optimizing usage among them has been the objective of
the Kane‘ohe Bay Task Force.

The history of Kane‘ohe Bay illustrates a resource that has always been
considered of high value, but has always been highly affected by activities on its
watershed and shoreline, as well as those occurring directly within the bay
waters Over the last century the bay has gone from near pristine condition to a
highly degraded state, then through a degree of recovery following cessation of
sewage discharge, and finally to the present state with some reestablishment of
reef corals and associated organisms, but also symptoms of decline and
interference from introduced species.
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Methods

Rapid Visual Assessment Surveys

Marine biological surveys were conducted on September 11 and 14 by three
AECOS marine biologists along the proposed alternative routes of the
subterranean pipeline to link the Kane‘ohe and Kailua (‘Aikahi) WWTPs. Both
the proposed Blue Line and Green Line routes were addressed, with survey
stations established every 500 ft along the two routes. Latitude-longitude
coordinates of these stations were loaded into a Garmin Etrex Summit GPS
receiver for locating in the field. The Blue Line had 20 marine stations out of 23
stations, and the Green Line had 9 marine stations out if 11 stations for this
route (Fig. 1, above).

All marine stations were surveyed by three biologists, each noting depths,
substratum characteristics, and the species and relative abundance of algae,
invertebrates, and fishes that could be identified in the field. Vouchers of some
specimens were collected and returned to the laboratory for subsequent
identification. Most stations were surveyed by snorkeling. Scuba was used in
making observations from Stas. 5500 to 7000 along the Blue Line route where
live corals and associated organisms occurred. Except at points in the lagoon at
depths greater than 12 ft (4 m), investigators swam between all designated sites
and made observations to verify that station biological and substratum
observations were typical of the surrounding area.

Quantitative Transect Surveys

Determinations of benthic coverage along transects laid on the bottom were
made at all stations along the Green and Blue Lines except for those stations
characterized entirely by soft sediment (Stas. 1000 to 5500 Blue Line and Stas.
2500 to 5000 Green Line). Locations of the transect start and end points are
plotted in Fig. 3.

Transect surveys were conducted October 16 through 29, 2009. A 25-m
transect line was deployed at the station and surveyed in two segments, each 10
m long2. The start and end of each transect were recorded using a Garmin E

? The practice of using a single 25-m line divided into two 10-m transects appears to be widely used
in Hawai‘i in marine surveys, and typically the data are presented as two transects from a site.
Although the advantages of laying out transects in this manner seems minimal, the disadvantage
that the results cannot be analyzed as two, independent transects per site easily outweighs the ease
of a single setup of a survey line.
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trex Summit GPS. Macro-organisms with low abundance along a transect were
entered into field notes as “present.” Quantitative quadrats utilized one of three
methods, depending on water depth at a station.

6500 reef’
- L
6000 reef

2000 slope
-
2000 flat
® G1500 flat
100 flat $
4 .6'1000 flat
EL & .

i.‘ A .‘

&

Figure 3. Locations of surveys conducted near Blue and Green pipeline sites,
October 16-29, 2009.

1.  Photoquadat-0.66 m?/quadrat. In depths of water around 3 m (10 ft),
a digital camera in an underwater housing was supported on a frame
1.2 m above the bottom, giving an image covering 1.0 x 0.66 m.
Photos were taken every meter along the two 10-m segments of the
transect. The quadrat photographs were analyzed on a computer
using Coral Point Count with Excel extension (CPCe) software (Kohler
and Gill, 2006). Quadrat photos were cropped to a consistent area of

AECOS Inc. [File: 1215C.doc] Page | 13



Kane‘ohe-Kailua Force Main KANE'OHE BAY, O‘AHU

0.67 m2 and enhanced to an optimal image as needed. The organisms
or substratum type under 50 points randomly generated for each
image were recorded for a total of 1000 points per transect. These
data were used to determine the percent cover of macroalgae, corals,
other invertebrates sufficiently abundant in the quadrats to be
detected by the method, and substratum type, which were averaged
for each transect at each site. This method and analysis was used for
Stas. 6000, 6500, and 7000 and on the reef slope at Stas. 7000 and
7500 along the Blue Line (Fig. 1).

2.  Photoquadat-0.165 m2/quadrat. For sites up to 0.5 m depth, or where

water turbidity was so high that a larger focal distance could not be
used, a smaller support frame with a quadrat area 0.5 x 0.33 m was
used putting the camera housing at 0.5 m above the bottom. The
same techniques as described above for Method 1 were used, except
that images were separated by 0.5 m along the two 10 m segments.
This method was used for transects on the reef flat at Stas. 1500 and
2000 and on the reef slope at Sta. 2000 along the Green Line; and at
Stas. 7000 and 8000 (reef flat and reef slope) on the Blue Line.

3. Quadrat Frame-0.25 m?/quadrat. For stations in less than 0.5 m
depth, a 0.5 x 0.5 m square frame subdivided by thin nylon lines at 10-

cm intervals to form a grid of 25 intersecting points was used. Laid on
the bottom, the organism or substratum type lying under each of the
intersections was recorded. As in Method 2, measurements were
made every other 0.5 m along each 10 m transect segment, and values
for each entity were totaled and averaged for each of the two
segments. This method was used for reef flat stations near the
shoreline and at Sta. 1000 on the Green Line; and near the shore and
at Stas. 8500, 9000, 9500, and 10000 along the Blue line.

Sediment Macrofauna

Seven locations shown in Fig. 4 were surveyed November 2009 for the presence
of epibenthic animals3. At each location, observers swam cardinal directions
from the center of the box, located by GPS, inspected the bottom for indications
of macrofauna, (i.e. organisms large enough to be visible on the bottom), and
recorded the number of burrow openings on the sediment surface within a 0.25
m?2 quadrat haphazardly placed on the bottom. The sediment itself was sampled
for infauna at three of the seven sites by divers inserting a 28-cm diameter

3 Epibenthic means living on the bottom; infauna refers to living within the benthic (bottom)
substratum.
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cylinder, 35 cm into the soft bottom and capping the cylinder from below, then
later sieving the contents through quarter-inch (6 mm) mesh screen.
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Figure 4. Locations of sediment infauna observations and sampling.

Sediment Meiofauna#

To sample the meiofauna living in the sediment in various locations, glass
screw-cap jars of 450 ml capacity were used to core vertically down into the
upper 5 to 10 cm of sediment. Samples were hand collected by divers from
within the reef flat mud/sand mixture adjacent to Kane‘ohe Stream (0-0.5 m

4 Benthic infauna live within the sand or mud in this case; the majority of these sediment-dwelling
organisms are part of the meiofauna, organisms so small they easily pass through a 1 mm screen
sieve.
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depth), from the reef flat at Sta. 7500 on the Blue Line (1-3 m depth), and from
the deeper lagoon floor (10-13 m depth) sediment at the three potential
connection sites. Sampling locations are shown in Fig. 4. Three replicate
samples were collected from each location. The overlaying water was then
strained through a 0.25 mm sieve and any organisms retained on the sieve were
backwashed with formalin into the sample.

Two sieves (0.5 mm and 0.25 mm mesh) were used to trap individual
specimens in the sediment samples. Specimens were transferred to 70%
ethanol, sorted to major taxa, and stored in glass vials in 70% ethanol. Taxa
were identified using dissecting and compound microscopes and regional keys.
This method successfully separated all organisms from the sediment that were
not heavily calcified. Polychaetes and other invertebrates retained on the sieve
were stained with rose bengal. All specimens were identified to the lowest
taxonomic level possible at the Wormlab at the University of Hawai‘i.

Reef Fishes

On October 15, 23, and 26, 2009, AECOS biologists conducted belt transect fish
surveys of three shallow water environments in south Kane‘ohe Bay to
characterize the fish assemblages in the general project area. The fish
observations were conducted on sand flats, reef margins and slopers, and
deeper coral bottom environments, utilizing the same transects as described for
the quantitative benthic surveys (Fig. 3). Each 25-m transect was surveyed by a
diver swimming the length of the line and identifying and estimating total body
length of all fishes present within 0.5 to 1 m (1.5 to 3 ft) of either side of the line,
depending on visibility. Live wet weight (W) of fishes recorded was calculated
from the visually-estimated total length (TL) using the relation W = a(TL)b
(Friedlander and Brown, 2006). That is, biomass equals total body length
measurement multiplied by known length conversion factors a and b (provided
by Hawai‘i Cooperative Fishery Research Unit, University of Hawai',
unpublished data). The derived biomass values for each transect are then
summed and converted to kilograms per hectare. This underwater visual
survey technique (Brock, 1954; Brock, 1982), which is standard for surveys of
this kind, does not accurately census seasonal, cryptic, nocturnal, and burrow-
inhabiting fishes, although they may comprise half or more of the extant fish
assemblage in a reef environment (Willis, 2001). These latter groups can be
extremely difficult to account for in a onetime visual censusing.
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Results
Qualitative Benthic Survey Observations

The general characteristics and dominant organisms found at the sample
stations and in some areas between stations are shown in Table 1 for the Blue
Line route and in Table 2 for the Green Line route. Most of the sites occurred at
locations where the substratum was fine sediment at depths ranging from 12 to
42 ft (4 to 13 m), with burrow openings the only indication of the presence of
macrofauna. Such was the case at ten sites along the Blue Line from Stas. 1000
to 5500, and six sites along the Green Line from Stas. 2500 to 5000.

The second most frequent environment encountered was that of shallow sand
flats dominated by introduced marine algae with depths of 3 ft (1 m) or less.
This occurred at 7 Blue Line stations, from the shore to a point between Stas.
500 and 1000, from Sta. 7500 to the shore near ‘Aikahi, and at three of the
Green Line stations, from the shore near Kokokahi to Sta. 2000. Although there
is some variability among dominant and secondary species, most of these areas
were heavily covered with invasive red algae, Acanthophora spicifera and
Gracilaria salicornia, the latter very abundant between the ‘Aikahi shore and
Sta. 10000. Other abundant species were the blue-green alga, Lyngbya
majuscula, and the green alga, Dictyosphaeria cavernosa; the latter once
dominated shallow areas in south Kane‘ohe Bay, but has become less common
in recent years.

No reef corals or associated organisms were found on reef flat locations except
at the reef margins adjacent to deeper water. Coral patch reefs occurred
between Stas. 5500 and 6000 and at Sta. 7000 on the Blue Line, and about 50 ft
outside of Sta. 2000 on the Green Line. The Blue Line coral areas from Stas.
6000 to 7000 are a series of linear bottom features with high cover of Montipora
capitata and Porites compressa, and abundant Mycale grandis (a sponge) and
Sabellastarte spectabilis (feather duster worm) living among the corals. These
features occurred at depths from 8 to 10 ft (2.5 to 3 m) and are separated from
the reef flat by a sand channel. A large bed of the Hawaiian endemic seagrass,
Halophila hawaiiensis, occurred between Stas. 7000 and 7500 on the Blue Line
and coral coverage was minimal at the reef margin where bottom cover was
dominated by Gracilaria salicornia. The Green Line reef area outside Sta. 2000
had a moderate cover of Montipora capitata, Porites compressa, abundant
Sabellastarte spectabilis, and moderate cover of Gracilaria salicornia.
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Marine organisms recorded along the Blue and Green routes are listed in Table
3. A total of 72 taxa were found: 18 macroalgae, 2 flowering plants, 34
invertebrates, and 18 fishes. Of these, 15 of the species are introduced or
cryptogenic®, or 21% of the total, and 57 are native species, including two
species that are considered endemics (i.e. occurring only in the Hawaiian
Islands): the sea-grass, Halophila hawaiiensis, and the coral, Porites compressa.

Table 1. Characteristics and dominant biota along Blue Line route

Station depth (ft)

Description

Shore

Btw

500
Btw
1000
1500

2000

2500
3000

3500
4000

4500
5000

5500

Btw

6000

2

12
17

26

32
35

36
37

35
39

42

Sand & silt, abundant rubbish, with scattered algae.

Cobbles in sand/silt, with shell fragments, burrow openings; Acanthophora spicifera
& Gracilaria salicornia abundant.

Level black sand/silt with sparse scattering of mixed algal mats (most <15 cm to 25
cm diam.).

Level, black sand/silt; algae, sea-grass, & sponges rare.
Silt bottom; numerous burrow opening.s

Silt bottom; numerous burrow openings.

Silt bottom; numerous burrow openings.

Silt bottom; numerous burrow openings.

Silt bottom; numerous burrow openings.

Silt bottom; numerous burrow openings.

Silt bottom; numerous burrow openings.

Silt bottom; numerous burrow openings.

Silt bottom; numerous burrow openings

Silt bottom; numerous burrow openings.

Reef margin adjacent to Sta. 5500, with high cover of Porites compressa,
Montipora capitata & abundant Sabellastarte spectabilis.

Coral cover 75-85%. Porites compressa dominant with abundant Montipora
capitata, Dictyosphaeria cavernosa & Mycale grandis.

5 » ) . . . . . . . .
A”cryptogenic” species is one whose origins are uncertain; that is, a species that may be native or
may be introduced (alien).
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Table 1 (continued).

Station  depth (ft) Description

6000
Btw

6500 10

Btw

7000 9

Btw

7500 2

Btw

8000 28

Btw

8500 2

Btw

9000 15

Btw
9500 1
Btw

10000 1
Btw
10500

Linear coral patches in coarse coral sand, some Lyngbya majuscula mats.

Isolated reef 6 ft deep with Montipora capitata dominant, Porites
compressa, Sabellastate spectabilis, & Mycale grandis abundant.

Coral sand with Lyngbya majuscula patches, small Montipora capitata reefs
and sea-grass bed.

Linear coral growth feature in medium grain sand ca. 50 ft from reef edge.
Abundant Montipora capitata, Porites compressa, Sabellastate spectabilis,
& Mycale grandis.

Coarse sand to reef edge where only coral is scarce Montipora capitata,
some heads bleached; abundant Gracilaria salicornia, and a large seagrass
bed.

Sand flat dominated by Acanthophora spicifera, Gracilaria salicornia,&
seagrass; corals rare.

Rubble at reef edge, abundant burrow openings, 10% cover of Gracilaria
salicornia on reef sand flat, with abundant Lyngbya majuscula, turf
tubeworms, sparse Mycale grandis & sea-grass on reef flat

Pipe in coral sand ca. 100 ft from reef with Acanthophora spicifera & sparse
Halichondria caerulea.

Reef edge ca. 100 ft from #18. Very little Montipora capitata with ca. 80%
cover Gracilaria salicornia and Lyngbya majuscula mats on medium
grained sand.

Reef flat with medium grained sand and sparse seagrass, large clumps of
Acanthophora spicifera, Gracilaria salicornia & Lyngbya majuscula, with
small amount of Dictyosphaeria cavernosa

Sand flat with abundant large clumps of Lyngbya majuscula, less
Acanthophiora spicifera, Gracilaria salicornia, & Symploca hydnoides with
occasional Opheodesoma spectabilis

20% Gracilaria salicornia in fine sand & rubble, w/ some Symploca
hydnoides & Lyngbya majuscula

Same as 9000 with Gracilaria salicornia decreasing to 10% in fine sand
with some Acanthophora spicifera

<10% Gracilaria salicornia in fine sand, & coral rubble, mangrove starting

Same as 9500; Gracilaria salicornia increasing in abundance.

50 ft from shore, thick 90% cover Gracilaria salicornia, many mangrove
shoots.

Mangroves off the shore.
Land

Btw = On Blue route between the stations before (above) and after (below).
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Table 2. Characteristics and dominant biota along Green Line route

Station depth (ft)

Description

0
500

Btw

1000

Btw

1500

Btw

2000

Btw

2500
3000
3500
4000
4500
5000

29
31
35
36
35
37

Land
Land

Acanthophora spicifera & Gracilaria salicornia in small patches among
sand and pebbles, 50 ft from shore; algal cover increases going seaward.

Abundant mixed Acanthophora spicifera, Gracilaria salicornia, & Lyngbya
majuscula in medium grain sand; numerous burrows of alpheid shrimp with
commensal and gobies.

Abundant Lyngbya majuscula & Acanthophora spicifera, some Caulerpa
sertularioides & Dictyosphaeria cavernosa in medium grain sand.

50% cover of mixed Acanthophora spicifera & Gracilaria salicornia; small
amount of Montipora capitata & Dictyosphaeria cavernosa in medium
grained sand in vicinity of relict Kokokahi pier.

Abundant Gracilaria salicornia & Acanthophora spicifera, some Montipora
capitata, Caulerpa sertularioides, Sabellastarte spectabilis &
Dictyosphaeria cavernosa in coarse grained sand. At or around the 1500 ft
mark, Gracilaria salicornia dominance replaced by Acanthophora spici fera

Reef margin quickly grades from ~70% live coral cover to <5% coral cover
and abundant Gracilaria salicornia on sand.

Across reef about 50 ft outside from Sta. 2000 live coral increases,
abundant Montipora capitata & Porites compressa, Sabellastarte
spectabilis & Gracilaria salicornia, moderate Dictyosphaeria cavernosa,
Dendostrea sandvicensis, Phallusia nigra & Halichondria caerulea

Silt, numerous burrow openings.
Silt, numerous burrow openings
Silt, numerous burrow openings
Silt, numerous burrow openings
Silt, numerous burrow openings

Silt, numerous burrow openings (joins Blue Line)

Btw = On Green route between the stations before (above) and after (below).

The distributions of these organisms along the Blue and Green routes are shown
in Tables 4 and 5. As previously noted, reef corals and associated organisms
were abundant on the Blue route only at Stas. 6000 to 7000 along a series of
linear bottom features separated by linear sand patches. These are old
dredging scars and very evident in aerial photographs like Fig. 3, above. This
area was also the location of most of the reef fish sighted along the Blue Line,
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Table 3. A listing of marine organisms recorded in the surveys.

Taxon Group Genus_Species Status
Algae Blue-green Algae  Leptolyngula crosbyana Native
Lyngbya majuscula Native
Symploca hydnoides Native
Green Algae Avrainvillea amadelpha Introduced
Caulerpa sertularioides Native
Caulerpa racemosa Native
Cladophora sp. Native
Dictyosphaeria cavernosa Native
Dictyosphaeria versluysii Native
Enteromorpha sp. Native
Halimeda sp. Native
Brown Algae Hydroclathrus clathratus Native
Red Algae Acanthophora spicifera Introduced
Ceramium sp. Native
Gracilaria cornopfolia Native
Gracilaria salicornia Introduced
Hypnea musciformis Introduced
Spyridia filamentosa Introduced
Flowering Plants Seagrass Halophila hawaiiana Endemic
Mangrove Rhizophora mangle Introduced
Invertebrates Sponges Biemna fistulosa Cryptogenic
Callyspongia sp. Native
Halichondria caerulea Introduced
Mycale grandis Introduced
Corals Pocillopora damicornis Native
Porites compressa Endemic
Montipora capitata Native
Anemones Aiptasia sp Native
Boloceroides mumurrichi Native
Gyractis sesere Native
Molluscs Crassostrea sp. Introduced
Ctena bella Native
Dendostrea sandvicensis Native
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Page | 21




Kane‘ohe-Kailua Force Main

KANE'OHE BAY, O‘AHU

Table 3 (continued).

Taxon Group Genus_Species Status
Molluscs (cont.) Hypselodoris infurcata Native
Lioconcha hieroglyphica Native
Plakobranchus ocellatus Native
Trochus sp. Native
Trochus intextus Native
Vermetus alii Introduced
Polychaetes
(Worms) Sabellastarte spectabilis Introduced
Mesochaetopterus sagittarius Native
Spirobanchus giganteus Native
Crustaceans Alpheus rapax Native
Calappa hepatica Native
Chthamalus proteus Introduced
Thalamita sp. Introduced
Scylla serrata Introduced
Platypodia eydouxii Native
Pilodius areolatus Native
Metopograpsus thukuhar? Native
Tunicates Ascidia sydneiensis Introduced
Botryllus sp. Native
Didemnum sp. Native
Phallusia nigra Introduced
Marine Fish Blennies Cirripectes obscurus Native
Butterflyfish Chaetodon miliaris Endemic
Cardinalfish Apogon sp. Native
Foa brachygamma Native
Damselfish Abudefeduf abdominalis Endemic
Abudefdef vaigiensis Native
Dascyllus albisella Endemic
Gobies Asterropteryx semipunctatus Native
Psilogobius mainlandi Endemic
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Table 3 (continued).

Taxon Group Genus_Species Status
Jacks Caranx melampygus Native
Scomberoides lysan Native
Parrotfish Scarus psittacus Native
Pufferfish Arothron hispidus Native
Surgeonfish Acanthurus blochii Native
Acanthurus leucopareius Native
Acanthurus triostegus Native
Zebrosoma veliferum Native
Wrasses Thalassoma duperrey Endemic

resulting in the highest numbers of species (16-23) found for any Blue Line
stations. Further shoreward, towards ‘Aikahi from this flourishing community,
the reef flat is mostly sand without live coral and is dominated in different areas
by the introduced algae, Gracilaria salicornia and Acanthophora spicifera, or
large clumps of hairlike Lyngbya majuscula, with some occurrences of the blue-
green alga, Symploca hydenoides, and the brown alga, Hydroclathrus clathratus.
A small patch of the endemic sea-grass, Halophila hawaiiensis, was noted on the
reef flat at Sta. 8500, but a much larger bed occurred offshore of Sta. 7500 and
another small bed between Stas. 6500 and 7000. Another small sea-grass bed
occurred on the sand flat near the Kane‘ohe shore at the Sta. 500, which was the
only notable species to be found in this area shoreward of the deep silt that
comprised the bottom from Stas. 1000 to 5500 along the Blue Line.

The distribution of species along the Green Line alternative also showed the
previously noted limitation on reef coral growth and associated reef organisms,
here found at Stas. 1500 and 2000. Stations further seaward had only deep silt
bottom (with burrow openings). The reef outside of Green Line Sta. 2000 had
high coral cover approaching that at Stas. 6000 to 7000 on the Blue Line. This
area also had a diverse fish assemblage, giving a total of 30 species when those
associated with the nearby reef face are included. Numbers of species
decreased shoreward to 10 species at Sta. 1500 and then increased to 23
species at Sta. 1000, but the reef flat there was still dominated by a mixed
assemblage of macroalgae. Algal coverage then decreased with approach to the
shore off Kokokabhi.
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Table 5. Occurrences of organisms at stations along Green Line route.

Distance (ft) x1000

Group Taxa Species 1 15 2 25 3 3.5 4 4.5
Indet, Burrows in silt X X X X
Algae Bluegreen Lyngbya majuscula X X
Algae
Green Algae Caulerpa racemosa X
Caulerpa sertularioides X
Dictyosphaeria cavernosa X X
Red Algae Acanthophora spicifera X X X
Ceramium sp. X
Gracilaria salicornia X X X
Invertebrates Anemones Gyractis sesere X X
Corals Montipora capitata X X
Porites compressa X
Crustaceans Alpheus rapax X
Calappa hepatica
Chthamalus proteus
Crassostrea sp.
Platypodia eydouxii X
Molluscs Dendostrea sandvicensis X
Hypselodoris infurcata X
Mesochaetopterus sagittarius X
Plakobranchus ocellatus X
Trochus intextus X
Trochus sp. X
Vermetus alii X
Polychaetes Sabellastarte spectabilis X X
Spirobanchus giganteus X
Sponges Biemna fistulosa X
Halichondria caerulea X
Mycale grandis X X
Yellow Green Sponge
Tunicates Ascidia sydniensis X
Bottryllus sp. X
Didemnum sp. X
Phallusia nigra X
Marine Fishes Dameselfish Abudefeduf abdominalis X
Gobies Asterropteryx semipunctatus X X
Psilogobius mainlandi X
Jacks Caranx melampygus X
Scomberoides lysan X
Parrotfish Scarus psittacus X
Pufferfish Arothron hispidus
Surgeonfish Acanthurus blochii X
Acanthurus triostegus X
Wrasses Thalassoma duperrey
Total 23 | 10 | 30 1 1 1 1 1
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Quantitative Transect Surveys

Taxa and substrata occurring on or adjacent to each transect are listed in Tables
6 through 8, which give percent cover if the parameter was sufficiently
abundant to be detected by the 50-point intercept method, or presence (p) if it
was in low abundance. Based on their locations and similarities of benthic
cover and species composition, the 19 transects are placed into one of three
groups. Figure 6 is a graphical presentation of average total cover for
macroalgae, sea grass, corals, other invertebrates, and the various types of
substrata for each transect segment.

Table 6 lists coverage and presence for organisms for transects near the
Kane‘ohe shoreline: Blue Line (BL) stations just off the shore (within 500 ft
from the origin) and Green Line (GL) reef flat stations from the shore out 2000
ft from the origin (and including a Green Line transect on the reef slope near
Sta. 2000). The Blue Line sites were all covered by silt, sand or pebbles/gravel
with only a small amount of macroalgae present. Benthic cover at Stas. GL 1000
and GL 1500 was mostly mixed Gracilaria saliconia, Acanthophora spicifera, and
Lynbya majuscula totaling 26 to 38% cover at Sta. GL 1000 and 65 to 70% at Sta.
GL 1500, with a few sponges and tunicates present. The character of the benthic
assemblage on the reef flat changed dramatically with approach to the reef
slope near Sta. GL 2000, where corals—entirely Montipora capitata and Porites
compressa—totaled 10 to 40% cover, and the introduced orange keyhole
sponge, Mycale grandis, and the featherduster worm, Sabellastarte specatibilis,
were abundant enough to total 2 to 6% cover. However, the dominant benthic
organism was invasive, G. salicornia, which composed nearly all of the algal
cover, totaling 34 to 65% of the bottom. Both coral and algal cover decreased
substantially on the reef slope just beyond Sta. GL 2000 and silt, which ranged
from 61 to 67%, was the dominant bottom cover on the transect followed by G.
saliconia at 19 to 23%, and total coral at 8 to14%.

All station locations not appearing in Tables 6, 7, or 8 are on silt bottom, 26 to
42 ft (8 to 13 m) deep, outside of the reef line (lagoonal). The three stations
starting at BL 6000 (Table 7 and Fig. 6) are adjacent to linear dredge marks that
extend in a northeast-southwest direction, with high coral cover and associated
reef organisms that are unique compared to the rest of the locations along the
potential pipeline alignments. Total coral cover at these three stations ranged
from 50 to 80%, dominated by M. capitata and P. compressa, the two most
abundant coral species in Kane‘ohe Bay. Pocillopora damicornis was also
present in the vicinity of Stas. 6000 and 7000. The invasive orange keyhole
sponge and the featherduster worm were next most abundant, with mean cover
values of 0.4 to 4.4%. Many other invertebrates were recorded at these three
stations that were not noted elsewhere, but macroalgae was rare, with G.
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salicornia abundant enough to be recorded as 1.4% along one transect segment
at Sta. 7000. The substratum was primarily silt with a substantial amount of
coral rubble.

Table 6. Percent cover or presence of benthic organisms on the
Blue Line (BL) and Green Line (GL) reef transects.

BL Shore = BL500  GLShore GL1000 GL1500 GL 2000 GL2000%
Category/Species A B A B A B A B A B A B A B

MACROALGAE 2.8 3.5 6.4 378 | 26.0 | 69.6 | 65.1 | 64.8 | 342 | 22.7 | 19.2

Acanthophora spicifera 3.5 3.6 236 | 17.2 | 169 | 37.6 0.2

Caulerpa taxifolia p

Caulerpa sertularioides p

Dictyospheria
cavernosa p 1.3 0.7 0.0

Dictyospheria versluysii p

Gracilaria burstoperis p

Gracilaria salicornia 1.2 2.8 14.2 8.8 44.0 139 | 636 | 333 | 224 | 184

Lynbya majuscula 2.7 8.7 0.2 p 0.5

Other Macroalgae 1.6

CORAL 95 | 40.0 | 13.7 | 8.1

Montipora capitata p p 6.4 253 | 124 | 124

Porites compressa p p 3.1 14.7 1.4 1.4

OTHER
INVERTEBRATES 0.4 2.2 6.5 7.1 5.4

PORIFERA

Biemna fistulosa

Halochondria coerulea p p p p

Mycale grandis 0.2 0.8 0.8

Other Porifera 0.4 2.0 2.0 2.5 5.4

CNIDARIA

Boloceroides
mumurrichi p

Zoanthus sp. (green) p

MOLLUSCA

Chromodoris decora p

Dendostrea
sandvicensis

Serpulorbis variabilis p

POLYCHAETA

Mesochaetopterus
sagittarius p

Sabellastarte spectablis p p 0.0 3.7 3.7

CRUSTACEA

Portunidae unid. sp. p
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Table 6 (continued).

BL Shore BL 500 GL Shore GL 1000 GL1500 GL2000 GL2000t
Category/Species A B A B A B A B A B A B A B
TUNICATA
Ascidia sydniensis p p
Botryllus sp. (red) p
Herdmania momus p p
Phallusia nigra p p p p
Didemnum sp. (white) p p p
SUBSTRATUM 100 | 96.8 | 96.5 | 100 | 100 | 93.2 | 62.2 | 74.0 | 29.2 | 34.1 | 235 | 21.0 | 61.0 | 67.4
Coral Rubble 0.4 2.8 0.0 1.2 9.1 0.2 0.2 2.2
Dead Coral 135 | 205 | 124 5.7
Sand 20.2 | 22.4 88.0 | 61.8 | 71.2 | 29.2 | 329 0.9 0.0 0.0 0.0
Silt 100 | 96.4 | 76.3 | 77.6 0.2 | 484 | 59.5
Pebbles/Gravel 0.4 100 5.2

Note: “A” and “B” are results from two 10 m segments at either end of the same 25 m transect.

T - reef slope transect; others are in reef flat areas. p - present in low numbers.
Values in gray boxes are sums for the category.

Table 7. Percent cover or presence of benthic organisms on
Blue Line (BL) deep bottom and reef slope transects.

BL6000 BL6500 BL7000 BL7000f BL7500 BL7500ft
Category/Species 5A B 4A B 3A B 6A B 2A B 1A B
MACROALGAE 0.4 0.0 0.0 1.4 0.0 23.1 11.2 | 30.5 | 48.1 | 29.1 | 36.3
Acanthophora spicifera 0.4
Dictyospheria, cavernosa 0.7
Dictyospheria versluysii p
Gracilaria salicornia p 1.4 0.0 23.1 | 11.2 | 28.0 | 475 | 28.0 | 36.1
Lynbya majuscula p p p 14 0.6 1.1 0.2
Other Macroalgae 0.4
SEAGRASS 146 | 21.0
Halophila hawaiiana 146 | 21.0
CORAL 62.7 | 50.5 | 79.2 | 79.7 | 50.1 | 54.3 1.0
Pacillopora damicornis p p
Montipora capitata 171 | 154 | 58.3 | 238 | 354 | 37.8 p p
Porites compressa 455 | 35.1 | 20.8 | 55.9 | 14.7 | 165 p
OTHER INVERTEBRATES 1.4 3.1 6.3 6.1 0.8 0.4
PORIFERA
Biemna fistulosa p p
Callyspongia sp. p p p
Gelloides fibrosa p p
Halochondria coerulea p p
Mycale grandis 0.6 1.9 4.2 2.0 0.4 0.4
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Table 7 (continued).

BL6000 BL6500 BL7000 BL7000f BL7500 BL7500ft

Category/Species 5A B 4A B 3A B 6A B 2A B 1A B

CNIDARIA

Aiptasia sp. p p p

MOLLUSCA

Dendostrea sandvicensis p p

Serpulorbis variabilis

Vermetus alii p p

NEMERTINA

Baseodiscus cingulatus p

POLYCHAETA

Loimia medusa p

Sabellastarte spectablis 0.8 1.2 2.1 4.1 0.4

CRUSTACEA

Alpheus sp. p

Pilodius areolatus p p p

TUNICATA

Botryllus sp. (red) p p p

Herdmania momus p p p

Phallusia nigra p p p

Didemnum sp. (white) p p

SUBSTRATUM 359 | 28.2 | 146 | 142 | 476 | 452 | 62.1 | 67.7 | 69.5 | 51.9 | 70.9 63.7

Coral Rubble 1.0 3.7 4.0 2.9 13.0 | 3.0 8.7 16.5

Dead Coral 155 | 104 | 104 7.2 18.2 8.5 0.2 0.4

Sand 3.7 0.2 61.9 675 | 56.6 | 48.7 | 61.6 | 47.2

Silt 194 | 104 | 4.2 6.7 254 | 339 0.2 0.2 0.2

Note: “A” and “B” are results from two 10 m segments at either end of the same 25 m transect.

T - reef slope transect. Others are in deeper bottom areas. p - present in very low numbers.

Values in gray boxes are sums for the category.

Table 8. Percent cover or presence of benthic organisms on
‘Aikahi Blue Line (BL) reef transects.
BL 8000t BL8500+ BL8500 BL9000 BL9500  BL10000

Category/Species A B A B A B A B A B A B
MACROALGAE 13.0 24.6 6.0 3.6 7.2 7.6 25.6 | 320 | 32.0 | 224 | 716 92.0
Acanthophora spicifera 0.2 0.8 0.2 6.4 0.4
Caulerpa sertularioides p
Dictyospheria, cavernosa p
Gracilaria salicornia 9.5 214 1.2 2.6 6.0 6.8 25.6 | 32.0 | 32.0 | 224 | 716 92.0
Lynbya majuscula 3.5 2.4 4.8 0.8 1.2 0.8
SEAGRASS 0.4 2.9
Halophila hawaiiana 0.4 2.9
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Table 8 (continued).

Species

BL 8000t

A

B

BL 8500t

A

B

BL 8500

A

B

BL9000

A

B

BL9500

A

B

BL10000

A

B

CORAL

0.6

Montipora capitata

0.6

Porites compressa

OTHER INVERTEBRATES

12.7

Callyspongia sp.

Gelloides fibrosa

Halochondria coerulea

Mycale grandis

0.7

Other Porifera

12.0

CNIDARIA

Aiptasia sp.

MOLLUSCA

Vermetus alii

Sabellastarte spectablis

CRUSTACEA

Alpheus sp.

Gonodactylaceus falcatus

Palaemon/Palemontes sp.

|30rtunidae unid. sp.

TUNICATA

Ascidia sydniensis

Herdmania momus

Didemnum sp. (white)

ECHINODERMATA

Opheodesoma spectabilis

SUBSTRATUM

59.4

61.9

92.7

93.5

92.4

92.0

74.4

68.0

68.0

77.6

22.0

7.6

Coral Rubble

0.4

1.2

1.6

4.0

2.0

8.4

20.0

0.8

1.2

Dead Coral

12.0

0.4

Sand

0.2

92.3

93.5

91.2

90.4

70.4

66.0

59.6

57.6

Silt

47.4

61.2

21.2

6.4

Note: “A” and “B” are results from two 10 m segments at either end of the same 25 m transect.
T - reef slope transect. Others are in shallow, reef flat areas. p - present in low numbers.

Values in gray boxes are sums for the category.

Immediately beyond Sta. 7000, the pipeline route curves towards shore and
encounters a tongue of reef that extends outward to the northwest, adjacent to a
natural channel coinciding with Sta. 8000 (Table 8). The slope between Sta.
7000 and Sta. 7500 on the reef flat is very gradual and was the location of the

only substantial seagrass bed encountered on the surveys.

Halophila

hawaiiensis—the only endemic seagrass in Hawai‘i—was abundant near Sta.
7000, with mean cover of 15-21%, growing on a sand bottom; the only
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other macro-organisms noted were G. salicornia at 11 to 21% and L. majuscula
and M. capitata present. The reef flat above this slope at Sta. 7500 is dominated
by G. salicornia with a small component of A. spicifera, L. majuscula, and D.
cavernosa totaling 30 to 40%, with a small amount of M. capitata coral present.
Similar conditions were found on the Sta. 7500 slopes on the other side of the
tongue of reef. G. salicornia and L. majuscula totaled means of 29 to 36% of total
bottom area and a few isolated colonies of M. capitata and sponges occur.

The reef slope beyond Sta. 8000 has intermediate algal cover of 13 to 25% of
mostly G. salicornia, with some L. majuscula and A. spicifera, rare M. capitata
coral, and a relatively high cover of a variety of sponges that are able to utilize
the high particulate levels that occur in the turbid water at this site. The bottom
at this site is composed of mixed dead coral rubble and silt. Going shoreward
from this point towards ‘Aikahi, the transects reflect a highly degraded reef flat
environment that becomes increasingly dominated towards shore by G.
salicornia on sand substratum. On the flat nearest Sta. 8000, even algae are in
low abundance, averaging only 3.6 to 6% on the transect, increasing to 7.2 to
7.6% at Sta. 8500. Coverage at both sites is composed of G. salicornia and L.
majuscula. G. salicornia was the only algal species counted on transects from
Stas. 9000 and 9500, where the species averaged 22 to 32%, to Sta. 10000
nearshore, where this species occupied 72 to 92% of the available space on the
bottom.

Sediment Infauna

Only algal thalli, and those very rarely, were seen attached on the bottom during
underwater surveys (Fig. 4). However, an abundance of burrow openings occur
and a few burrows were observed to be occupied by alpheid shrimp or goby
fish. Crab tracks were evident on the surface. The number of burrows at each
connection site was based upon 10 quadrat placements per site. Burrow
densities were highly variable in these quadrats, both within and between sites.
Mean number of burrows/m? ranged from 12 to 63 with minima as low as 2 and
maxima as high as 150/m? (Table 9).

Attempts to sample the sediment infauna at five sites by divers inserting a 28
cm diameter cylinder 35 cm into the sediment and capping the cylinder from
below were unsuccessful in obtaining organisms, possibly because the sampling
process induced motile organisms to escape into complex burrow systems.
Information is available for sediment macrofauna densities and biomass from
two sources where sampling was previously done in South Kane‘ohe Bay. Both
studies (Harrison, 1981; Bush, 2003) utilized a combination of airlift and
poisoning at the surface of burrows to sample the top 30-35 cm of sediments.
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Table 9. Summary results for benthic burrow opening counts.

Burrows per sq. meter
Line  Station Box Dimensions (f)  Depth (ft) Avg Std Dev  Min Max n

Green 2000 50 x 50 29 58 124 24 96 10
Blue 2000 50 x 50 26 12 +6 2 20 10
Blue 2500 50 x 50 32 55 +33 10 126 10
Blue 3500 200 x 200 36 77 +47 24 150 10
Blue 4500 100 x 100 35 63 +32 20 120 10
Blue 5500 200 x 200 42 91 +32 22 136 10
Blue 8000 50 x 50 28 84 +30 42 142 10

Overall 63 +26 2 150 70

The dominant resident organism in both studies was the alpheid snapping
shrimp, Alpheus mackayi, which Harrison (1981) found in densities of
(mean#+sd) of 12+4/m? by poisoning and 14+5/m?2 by airlift sampling in the
south Bay during the period when eutrophication and high densities of benthic
filter and deposit feeders characterized the south Bay. Organisms sampled were
those retained by a 3 mm mesh screen. Alpheids were estimated to be 78% of
the mean total biomass of 5.1 g/m?2 determined from poisoning or 48% of the
total 8.8 g/m? determined by airlift sampling, suggesting that poisoning was
less effective than airlifting for getting a complete sample of the sediment
infauna. Harrison also noted burrow densities of up to 450/m?, with an average
of about 100/m2 throughout the bay.

Sampling by Bush (2003) in 1995, conducted approximately 20 years after
Harrison’s (1981) sampling, and 18 years after sewage release in Kane‘ohe Bay
ended in 1977, found substantially lower A. macayi densities of only
3.6£5.2/m?, or only about 25% of the densities found by Harrison. Bush'’s
samples were of the organisms retained on a 1.5 mm mesh screen, smaller than
that used by Harrison. Other macrofauna captured were the crab,
Podophthalmus vigil (1.3+2.4/ m2), collected by airlift, the goby, Oxyruricthys
lonchatus (2.3+0.7/ m2) sampled by poisoning, and the goby, Hazeus nephodes
(2 to 3/m?), estimated visually. Bush (2003) concluded that the lower infaunal
densities were due to the cessation of sewage discharge and resulting lower
availability of food. But this did not consider the finding that higher alpheid
densities were found by Harrison (1981) in the north and central Bay than in
the south Bay, beyond the zone where sewage related eutrophication was
considered to be impacting water quality and organic enrichment.
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Sediment Meiofauna

A total of 1,706 invertebrates belonging to 53 taxa, including 329 polychaetes
representing 37 taxa were identified for the meiofaunal samples collected from
three environments: shallow reef flat, stream mouth, and lagoon bottom. Lists
of identified taxa, their locations of occurrence, trophic category, and motility
are in the detailed report attached as Appendix C.

Figure 8 shows total number of taxa and total polychaete taxa identified for the
three sampling locations and Fig. 9 shows total numbers of individuals and
numbers by major taxonomic category. Both graphs indicate clear differences
in numbers of taxa and individuals among the three environments sampled.
Samples collected from the reef flat had the highest invertebrate abundance and
greatest number of species. A total of 1,090 invertebrates from 58 taxa were
found on the reef flat, and 231 of those invertebrates were polychaete worms
from 34 taxa. Samples from the stream mouth contained 520 invertebrates from
40 taxa, 89 of which were polychaetes from 20 taxa . Samples collected from the
lagoon floor contained 96 invertebrates from 10 taxa, 9 of which were
polychaetes from only five taxa.

60~

o Total Taxa
m Polychaete Taxa

Total Taxa

Reef Flat Stream Mouth Lagoon Floor

Figure 8. Numbers of total and polychaete taxa
for the three environments sampled.
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The infaunal community is dominated in number by nematodes on the reef flat
and the lagoon bottom, but by oligochaetes at the stream mouth. The results
indicate that the meiofaunal community inhabiting the fine sediments of the
lagoon floor are highly depauperate compared to the community inhabiting the
coarser sands of the reef flat or the silty sediments off of the mouth of Kane‘ohe
Stream.

0O NEMATODA

B NEMERTEA

B POLYCHAETA

0O OLIGOCHAETA
B PHORONIDA

O MOLLUSCA

B ACARI

O CRUSTACEA

0O BRYOZOA

B ECHINODERMATA
O HEMICHORDATA

1200

1000

800

AN

600

No. of Individuals

400+

Reef Flat Stream Mouth Lagoon Floor

Figure 9. Numbers of individual taxa within major taxonomic groups
and totals for the three environments sampled.

Reef Fishes

The fish species counted and lengths estimated at the benthic transect sites are
listed in Table 10a-c and shown graphically in Figure 10, which includes total
numbers of fish individuals, numbers of species, biomass per transect, and
extrapolated biomass in kg/ha. Only 15 species were recorded for all of the
sites, and numbers of species were very sparse at all except Blue Line Stas. 6000
and 6500, where more than 110 individuals were counted, and Stas. 7500 and
8000 (reef slopes), where 43 to 52 fishes were counted. By contrast, only three
species with 11 individuals occurred at Sta. 7000, where the most abundant
species on other transects, the goby Asterropteryx semipunctatus, was
conspicuously absent. However, total biomass estimated at Sta. 7000 was much
greater than any other location because of the presence of two Bothus sp
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flounders at 85 and 111 g estimated weight. Consequently biomass for this
transect was about a third more than at Sta. 6000, nearly double that at Sta.
6500, and almost eight times the biomass at the two nearby reef slope stations.

Table 10a. Fish counts for nearshore sites off Kane‘ohe.

Species

BL
Shore

BL

500
Flat

1000
Flat

GL

Shore

GL

1000
Flat

GL

1500
Flat

GL

2000
Flat

GL
2000
Slope

ACANTHURIDAE
Acanthurus blochii
Zebrasoma veliferum
BLENNIDAE
Cirripectes obscurus
GOBIIDAE
Asterropteryx
semipunctatus
Psilogobius mainlandi
LABRIDAE
Stethojulis balteata
LUTJANIDAE
Lutjanus fulvus
POMACENTRIDAE
Abudefduf abdominalis
TETRADONTIDAE
Arothron hispidus

Total Individuals
Total species
Total biomass/transect

(@)
kg/ha

2.3
0.9

19
0.8

55
2.2

6.5
2.6

13

20.1
8.1

3.1
1.2

Table 10b. Fish counts for reef flat and reef slope stations.

6000
Deep

6500
Deep

7000
Deep

7000
Slope

7500

Flat

7500
Slope

ACANTHURIDAE

Acanthurus blochii
Zebrasoma veliferum
APOGONIDAE

Foa brachygramma
BLENNIDAE

Bothus sp.
GOBIIDAE
Asterropteryx
semipunctatus
Gnatholepis anjerensis
Psilogobius mainlandi

91

69

38

12

39
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Table 10b (continued).

6000 6500 7000 7000 7500 7500
Deep Deep Deep Slope Flat Slope
POMACENTRIDAE
Abudefduf abdominalis 11 1
Dascyllus albisella 1
SCARIDAE
Chlorurus spilurus 2
Scarus psittacus 12 12
TETRADONTIDAE
Arothron hispidus 1
Total Individuals 116 110 11 43 12 52
Total species 8 8 3 3 1 5
Total biomass/transect (g) 135.1 108.6 203.4 21.1 19.8 26.2
kg/ha 27.0 21.7 40.7 4.2 7.9 5.2
Table 10c. Fish counts for ‘Aikahi nearshore sites
8000 8000 8500 9000 9500 10000
Species Slope Flat Flat Flat Flat Flat
GOBIIDAE
Asterropteryx
semipunctatus 5
Gnatholepis anjerensis 2
Psilogobius mainlandi 3 1 9 13 6 0
Total Individuals 10 1 9 13 6 0
Total species 3 1 1 1 1 0
Total biomass/transect (g) 14.2 1.0 17.1 18.9 14.3 0.0
kg/ha 5.7 0.4 6.8 7.6 5.7 0.0

Fishes were generally sparse on reef flat transects, with only 0 to 6 species, 0 to
13 individuals, and biomass values of no more than 7% of those determined for
coral reef sites (109 to 201 kg/ha). Fish numbers and biomass reached zero
near both the Kane‘ohe and ‘Aikahi shores. Fishes on the reef flats were almost
entirely the goby, Psilogobius mainlandi, inhabiting burrows in the sand. The
virtual absence of larger reef fishes on the reefs is likely related to the almost
total absence of habitat on the silt laden reef flat from the Kane‘ohe shore out to
Sta. 1000 on the Blue Line, or the near monopolization of the bottom by invasive
algae on the Green Line reef flat sites and on the Blue Line reef flat approaching
the ‘Aikahi shore.

Figure 10 also shows the kg/ha average values for the Main Hawaiian Islands
(MHI) provided by Ivors Williams (Div. Aquatic Resources, DLNR, pers. comm.)
and based on values from surveys made by a number of investigators around
the Hawaiian Islands (Williams et al., 2008). The MHI mean value of 48.4 kg/ha
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Figure 10. Fish numbers and biomass. Top: Kane‘ohe nearshore Blue and Green Line
reef flats. Middle: Blue Line reef and slope. Bottom: ‘Aikahi nearshore reef flat sites. Far
right bar is the mean biomass value for the Main Hawaiian Islands.
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is slightly more than the 40.1 kg/ha determined in the present study for Sta.
7000, and approximately double the values for the other two coral bottom sites.
The MHI mean is at least five times the value for any reef flat or slope site on
this survey, indicating that most of the fish populations along the pipeline
routes are highly depauperate except on sites near or on flourishing coral
bottom.
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DISCUSSION

Listed Species and Species of Concern

No endangered or threatened (listed) species such as Hawaiian Monk seal or
cetaceans were seen within the study area during field surveys from September
through November, 2009. No previous reports could be found for Monk seal or
wild cetaceans in south Kane‘ohe Bay during the approximately 60 years of
operation of Hawai‘i Institute of Marine Biology, or from any published source.
Green sea turtles (Chelonia mydas; Aguirre et al., 1994; Zamzow, 1998; Balazs et
al, 2000; Russell and Balazs, 2009) and, less commonly, Hawksbill turtles
(Eretmochelys imbricata; Balazs, 1978) occur in Kane‘ohe Bay. On October 28,
2009, an AECOS biologist observed a solitary green sea turtle resting on the mud
bottom adjacent to the 2000' transect survey location. The turtle was not
observed foraging or swimming. A large Green sea turtle was seen on the
fringing reef around Coconut Island in November 2009 (S. L. Coles, pers. obs.).
It is therefore probable that sea turtles occasionally frequent the project area to
utilize reef macroalgae as a food source

An additional species of concern to the National Oceanic and Atmospheric
administration (NOAA) is the inarticulate brachiopod, Lingula reevi. This
species was found to be very abundant in 1967-69 in the area of the present
surveys by Worcester (1969), who found densities of up to 500/m? at sites on
reef flats off the southeast shore of the Bay, one of these near the location of Sta.
BL7500. No focused sampling for L. reevi was done in the present study, but
recent studies describe that populations of this species have plummeted from
the time when treated sewage and eutrophication was occurring in South
Kane‘ohe Bay (Hunter et al., 2008, 2009). These surveys found that in 2004 the
highest L. reevi densities in the same areas sampled in 1967-69 had fallen to
4/m2, occurring only at the above mentioned location, and in 2007 no
brachiopods occurred at this site and were also absent at eight of twelve sites
where they were common to very abundant in the late 1960s. It is highly
probable that these drastic reductions in L. reevi are due to the reduction in
their food source since cessation of sewage into the bay in 1977. The prolific
growth of invasive algae on the reef flats may also have contributed to the
brachiopod decline. In any event, there is no likelihood of impact on this species
from pipeline deployment operations.

Marine Community Sensitivity

The sensitivity of the marine communities along the Blue and Green pipeline
routes are summarized in Table 11. Most of both the Blue and Green line routes
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are projected to be under areas of low sensitivity to potential environmental
disturbance, either beneath soft lagoonal sediment with few infaunal organisms,
or beneath already highly degraded reef flat areas dominated by invasive algae.
Exceptions to these low sensitivity areas are the high to very high sensitivity
coral reef locations at Stas. 6000 to 7000 and near Green Line Sta. 2000.
Intermediate sensitivity areas are the seagrass beds on the Blue Line at Sta.
7000 to 7500 and reef slopes at Sta. 8000 to 8500.

Table 11. Station information on dominant organisms
and their potential sensitivity to construction disturbance.

Station Description Dominant Benthic Biotope Sensitivity
Silted flat off stream

BL 1000 mouth Meiofauna, few sponges Low
Lagoon, silt/clay

BL1000-6000 sediments Meiofauna, alpheid shrimps Low
Coral reefs in medium

BL 6000-7000 sand Abundant reef coral Very high
Seagrass in medium

BL 7000-7500 sand Seagrass, few corals Medium
Reef slopes and sand Invasive algae, few corals on

BL 7500-8000 flat slopes Medium

BL 8000 Fine sand/silt Meiofauna, alpheid shrimps Low
Reef slopes and sand Invasive algae, few corals on

BL 8000-8500 flat slope Medium

Sparce seagrass, abundant
BL 8500-10000 Sandy reef flat invasive algae Low
GL Shore-2000 Sandy reef flat Invasive algae Low
Moderate coral cover &

GL 2000-2500 Reef edge invasive algae High
Lagoon, silt/clay

GL 2500-5000 sediments Meiofauna, alpheid shrimps Low

Subterranean slant drilling and pipe laying are the proposed methods for
deploying the pipe well below the bottom of Kane‘ohe bay. Consequently there
will be no direct impact on marine organisms from shore-based drilling and
deployment activities. However, should emergency conditions require that in-
water activities be conducted to complete the pipeline, Table 11 indicates that
areas along the Blue Line from 6000 to 7000 and the Green Line from 2000 to
2500 ft should be avoided if at all possible.

Conclusions and Recommendations
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The marine communities along most of the Blue and Green Line routes are on
highly degraded reef flats or in fine sediments with much lower meiofauna
densities than found in coarser sediments on nearby reef flats or even on the
highly silted reef flat along the mouth of Kane‘ohe Stream. The benthic
communities on most of the reef flat areas along the routes have few to no reef
corals, few reef fish species or numbers (with very low biomasses), and very
low species diversity. Assemblages are dominated by introduced invasive algae
and a few filter feeding invertebrates such as sponges and tunicates. The only
substantial coral bottom along the pipeline routes is from Stas. 6000 to 7000,
where a series of low, linear outcrops support high coral cover and relatively
high fish abundance. This area has recovered on a formerly dredged surface of
the fringing reef. Another reef area showing moderate recovery from earlier
documented degraded conditions is the reef flat near Green Line Sta. 2000 and
on reef slopes near Blue Line Stas. 7500 and 8000, where some live coral is
growing and intermediate values for fish counts and biomass were recorded. A
large bed of endemic seagrass occurs between Stas. 7000 and 7500 that would
be sensitive to excessive siltation.

Since pipeline deployment will be made by slant drilling and pipe extension
from shorelines and the pipeline will be well below the ocean bottom for its
entire distance, there is no potential impact to marine communities along the
pipeline route from proposed construction activities. The proposed possible
sites for emergency work is over the silt sand bottom that predominates along
the pipeline route and is well removed from sensitive reef areas.

AECOS, Inc. [FILE: 1217.D0C] Page |44



Kane‘ohe-Kailua Force Main KANE‘OHE BAY, O‘AHU

References

Agazzis, A. 1889. The Coral Reefs of the Hawaiian Islands. Bull. Mus. Comp. Zool.
17:121-170.

Aguirre, A. A, G. H. Balazs et al. 1994. "Evaluation of Hawaiian green turtles
(Chelonia  mydas) for potential pathogens associated with
fibropapillomas." J. Wildlife Dis., 30: 8-15.

Alino, P. M. 1986. A comparison of coral community structure on reef flats in
Kane‘ohe Bay, Hawaii. p. 91-100 in P. L. Jokiel, R. H. Richmond and R. A.
Rogers, eds. Coral Reef Population Biology. University of Hawaii, Hawai'i
Institute of Marine Biology, Kaneohe.

Balazs, G. H. 1978. A hawksbill turtle in Kane‘ohe Bay, O‘ahu. Elepaio, 38(11):
128-129.

Balazs, G.H., S .K. K. Murakawa, D. M. Ellis, and A. A. Aguirre.(2000).
Manisfestation of fibropapillomatosis and rates of growth of green
turtles at Kane‘ohe Bay in the Hawaiian Islands. in A. Abreu-Grobois, R.
Briseno-Duenas, R. Marquez-Millan, L. Sarti-Martinez (eds.), Proceedings
of the 18th International Sea Turtle Symposium, 3-7 March 1998. U.S.
Dept. Commerce., NOAA Tech. Memo. NOAA-TM-NMFS-SEFSC-436, pp.
112-113. Available online at URL: http://www.pifsc.noaa.gov/library/pubs/
Balazs_etal_ConfProc_p112_2000.pdf; last accessed February 2010.

Banner, A. H. 1974. Kane‘ohe Bay, Hawai‘i: Urban pollution and a coral reef
ecosystem. Proc. 2nd Intl. Coral Reef Symp.: 689-702.

, and ]. Bailey. 1970. The effects of urban pollution upon a coral reef
system. A preliminary report., University of Hawai‘i, Hawai‘i Institute of
Marine Biology. HIMB Tech. Rept. No. 25: 66.

Bathen, K. H. 1968. A descriptive study of the physical oceanography of
Kane‘ohe Bay, O‘ahu, Hawai‘i. University of Hawai‘i, Manoa.

Brock, V. E. 1954. A preliminary report on a method of estimating reef fish
populations. J. of Wild. Mgt., 18: 297-308.

Brock, R. E. 1982. A critique of the visual census method for assessing coral reef
fish populations. Bull. Mar. Sci. 32: 269-276.

AECOS Inc. [File: 1215C.doc] Page | 45



Kane‘ohe-Kailua Force Main KANE‘OHE BAY, O‘AHU

Bush, A. 2003. Diet and diel feeding periodicity of juvenile scalloped
hammerhead sharks, Sphyrna lewini, in Kane‘ohe Bay, O‘ahu, Hawaii. Env.
Biol. Fishes, 67: 1-11.

Clarke, T. A. 1971. The ecology of the scalloped hammerhead shark, Sphyrna
lewini in Hawai'i. Pac. Sci., 25: 133-44.

Coles, S. L. and H. Bolick. 2007. Invasive introduced sponge Mycale grandis
overgrows reef corals in Kane‘ohe Bay, O‘ahu, Hawaii. Coral Reefs, 26:
911.

,and ____ . 2006. Assessment of invasiveness of the orange keyhole
sponge Mycale armata in Kane‘ohe Bay, O‘ahu, Hawai‘i. Final Report Year
1 prepared for the Hawai‘i Coral Reef Initiative. 23 p. Available at URL:
http://hbs.bishopmuseum.org/pdf/HCRI-report2006.pdf.

, and L. Ruddy 1995. A comparison of water quality and reef coral
mortality and growth in southeast Kane‘ohe Bay, O‘ahu, Hawai‘i, 1990 to
1992 with pre-sewage diversion conditions. Pac. Sci., 49: 247-265

, R. C. DeFelice, L. G. Eldredge. 2002. Nonindigenous Marine Species in
Kane’ohe Bay, O’ahu, Hawaii. Final Report prepared for the David and
Lucile Packard Foundation and the State of Hawai'l Department of Land
and Natural Resources Division of Aquatic Resources. Bishop Museum
Technical Report No. 24: 364 pp. Available at URL: http://hbs.bishop
museum.org/pdf/kbay-report.pdf.

Devaney, D. M., M. Kelly, P.]. Lee and L. S. Motteler. 1976. Kane'ohe: a history of
change (1778-1950). U. Army Corps of Engineers, Pacific Ocean Division,
Contract No. DACW84-76-C-0009, Honolulu.

Doty, M. S. 1961. Acanthophora, a possible invader of the marine flora of
Hawai‘i. Pac. Sci., 15: 547-552.

Edmondson, C. H. 1928. The ecology of an Hawaiian coral reef. Bishop Museum
Bull.,, 45: 64 pp.

Evans, C. W. 1991. Patterns of recovery and change of coral reef communities in
Kaneohe Bay, Hawaii. 17th Pacific Science Congr., Coral Reefs and
Environmental Change—the Next 100 Years. Pacific Science Assoc.,
Honolulu. 381 pp.

AECOS, Inc. [FILE: 1217.D0C] Page |46



Kane‘ohe-Kailua Force Main KANE‘OHE BAY, O‘AHU

Evans, C. W. and C. L. Hunter. 1992. Kane‘ohe Bay: An update on coral reef
recovery and trends to the contrary. Proc. 7th Intern. Coral Reef Symp.,
Guam.

____,J. T. Maragos and P. Holthuis 1986. Reef corals in Kane‘ohe Bay. Six years
before and after termination of sewage discharges (0'ahu, Hawaiian
Archipelago). p. 76-90 in P. L. Jokiel, R. H. Richmond and R. A. Rogers, ed.
Coral Reef Population Biology. University of Hawai'i, Hawai'i Institute of
Marine Biology, Kane‘ohe.

Friedlander A. M. and E. K. Brown. 2006. Hanalei Bay, Kaua‘i marine benthic
communities since 1992: spatial and temporal trends in a dynamic
Hawaiian coral reef ecosystem. Prep. for Pac. Isl. Ecosys. Res. Cen.,,
U.S.G.S.,, Tech. Rept. HCSU-003. 35 pp. Available online at URL:
http://www.uhh.hawaii.edu/hcsu/documents/HanaleiFullSmall.pdf; last accessed
February 2010.

Guinther, E. B, and M. L. Bartlett. 1986. A note on comparative quadrat
sampling for the infaunal and epifaunal invertebrates, 1968-71 and
1983, on the Coconut Island reef flat, Kaneohe Bay, Oahu, Hawaii. Tech.
Rept. No. 37, Sea Grant Cooperative Rept. UNIHI-SEAGRANT-CR-86-01:
111-122 pp.

Holthus, P. F, C. W. Evans and ]. E. Maragos 1986. Coral reef recovery
subsequent to the fresh water kill of 1965. p. 66-75 in P. L. Jokiel, R. H.
Richmond and R. A. Rogers, ed. Coral Reef Population Biology. University
of Hawai'i, Hawai'i Institute of Marine Biology, Kane‘ohe.

Hunter, C. L., and C. W. Evans. 1995. Coral reefs in Kane‘ohe Bay, Hawai'i: two
centuries of western influence and two decades of data. Bull. Mar. Sci. 57:
501-515.

Jokiel, P. L., C. L. Hunter, S. Taguchi and L. Watarai. 1993. Ecological impact of a
fresh-water "reef kill" in Kane‘ohe Bay, O'ahu, Hawai'i. Coral Reefs, 12:
177-184.

Key, G. S. 1973. Reef fishes in the bay. p. 51-66 in S. V. Smith, K. E. Chave and D.
T. O. Kam, eds. Atlas of Kane‘ohe Bay: a reef ecosystem under stress.
University of Hawai'i Sea Grant, Honolulu.

Kohler, K. E. and S. M. Gill, 2006. Coral Point Count with Excel extensions
(CPCe): A Visual Basic program for the determination of coral and

AECOS, Inc. [FILE: 1217.D0C] Page |47



Kane‘ohe-Kailua Force Main KANE‘OHE BAY, O‘AHU

substrate coverage using random point count methodology. Computers
and Geosciences, 32: 1259-1269.

Larned, S. T. 1998. Nitrogen- versus phosphorus-limited growth and sources of
nutrients for coral reef macroalgae. Mar. Biol., 132: 409-421.

, and J]. Stimson. 1996. Nitrogen-limited growth in the coral reef
chlorophyte Dictyosphaeriacavernosa, and the effect of exposure to
sediment-derived nitrogen on growth. Mar. Ecol. Prog. Ser., 145: 95-108.

Laws, E. A. and D. G. Redalje. 1979. Effect of sewage enrichment on the
phytoplankton population of a subtropical estuary. Pac. Sci., 33: 129-144.

, C. B. Allen and P. Y. L. English. 1996. Water quality in a subtropical
embayment more than a decade after diversion of sewage discharges.
Pac. Sci., 50: 194-210.

MacCaughey, V. 1918. A survey of the Hawaiian coral reefs. Am. Naturalist, 52:
409-438: 409-438.

Mackaye, A. C. 1915. Corals of Kaneohe Bay. Hawaiian Almanac and Annual for
1916. p. 135-139.

Maragos, J. E. 1972. A study of the ecology of Hawaiian reef corals. Ph.D.
dissertation, Oceanography, Univ. of Hawai‘i, Honolulu. 290 pp.

. 1973. Distribution and abundance of reef corals. p. 37-49 in S. V. Smith, K.
E. Chave and D. T. 0. Kam, eds. Atlas of Kaneohe Bay: a reef ecosystem
under stress. University of Hawai'i, Sea Grant Advisory Program, U.H.
Manoa.

___,and K. E. Chave 1973. Stress and interference of Man in the Bay. p. 119-
123 in S. V. Smith, K. E. Chave and D. T. 0. Kam, eds., Atlas of Kaneohe Bay:
a reef ecosystem under stress. University of Hawai'i, Sea Grant Advisory
Program, U.H. Manoa.

, C. Evans and P. Holthus. 1985. Reef corals in Kaneohe Bay six years before
and after termination of sewage discharges (O'ahu, Hawaiian

Archipelago). Proc. Intl. Coral Reef Symp., Tahiti, 4: 189-194.

Rodgers, S. K. 1997. Oahu's invasive algae. Aliens, 6: 10.

AECOS, Inc. [FILE: 1217.D0C] Page |48



Kane‘ohe-Kailua Force Main KANE‘OHE BAY, O‘AHU

Rodgers, S. K. and E. F. Cox. 1999. Rate of spread of introduced Rhodophytes
Kappaphycus alvarezzii, Kappaphycus striatum, and Gracilaria salicornia

and their current distributions in Kaneohe Bay, Oahu, Hawaii. Pac. Sci.,
53:232-241.

Roy, K. ]J. 1970. Change in bathymetric configuration, Kaneohe Bay, Oahu, 1882-
1969. University of Hawai'i, Hawai'i Institute of Geophysics, HIG Rept.
70-15, Honolulu.

Russell, D. ]J. 1983. Ecology of the imported red seaweed Eucheuma striatum
Schmitz on Coconut Island, O‘ahu, Hawai'i. Pac. Sci., 37: 87-107.

. 1992. The ecological invasion of Hawaiian reefs by two marine red algae,
Acanthophora spicifera (Vahl) Boerg. and Hypnea musciformis (Wulfen) J.
Ag., and their association with two native species, Laurencia nidifica J. Ag.
and Hypnea cervicornis J. Ag. ICES Mar. Sci. Symp., 110-125.

, and G. H. Balazs. 2009. Dietary Shifts of Green Turtles (Chelonia mydas)

in the Kane‘ohe Bay Region of the Hawaiian Islands: A 28-Year Study.
Pac. Sci., 63: 181:192.

Smith, J. E, C. L. Hunter, et al. 2002. Distribution and reproductive

characteristics of nonindigenous and invasive marine algae in Hawai‘i.
Pac. Sci., 56(3):229-315.

Smith, S. V. 1981. Responses of Kane‘ohe Bay, Hawai‘i, to relaxation of sewage
stress. p. 391-410 in (B. ]. Nielson and L. E. Cronin, eds): Estuaries and
Nutrients. Humana Press.

, K. E. Chave and D. T. O. Kam. 1973. Atlas of Kane‘ohe Bay: A Reef
Ecosystem Under Stress. University of Hawai'i, Sea Grant Program,
UHIHI-SEAGRANT-TR-72-01, Honolulu.

____, R E.Brock, W.]J. Kimmerer, E. A. Laws and T. Walsh. 1980. Kane‘ohe Bay
sewage diversion experiment: perspectives on ecosystem responses to
nutritional perturbation. University of Hawai‘i, Hawai‘i Institute of
Marine Biology, USEPA Grant No. R803983, Kane‘ohe.

Soegiarto, A. 1973. Benthic algae in the bay. p. 67-90 in S. V. Smith, K. E. Chave
and D. T. O. Kam, ed. Kane'ohe Bay: a reef ecosystem under stress.
University of Hawai'i Sea Grant, Honolulu.

AECOS, Inc. [FILE: 1217.D0C] Page |49



Kane‘ohe-Kailua Force Main KANE‘OHE BAY, O‘AHU

Stimson, J., S. Larned and K. Mcdermid. 1996. Seasonal growth of the coral reef
macroalga Dictyosphaeria cavernosa (Forsskal) Borgesen and the effects
of nutrient availability, temperature and herbivory on growth rate. J. Exp.
Mar. Biol. Ecol., 196: 53-77.

Wilson, W. F. 1922. With Lord Byron at the Sandwich Islands in 1825, Being
Extracts from the Diary of James Macrae, Scottish Botanist. W. F. Wilson,
Honolulu. 75 pp.

Williams, 1. D, W. J. Walsh, R. E. Schoeder, A. M. Friedlandler, B. L. Williams and
K. A. Stamoulis. 2008. Assessing the importance of fishing impacts on the
Hawaiian coral reef fish assemblages along regional-scale human
population gradients. Env. Cons., 1-12.

Willis, T. ]. 2001. Visual census methods underestimate density and diversity of
cryptic reef fishes. J. Fish Biol., 59(5): 1408-1411.

Zamzow, ].P. 1998. Investigation of green turtle fibropapillomatosis and the
potential role of cleaner fishes and reef habitat characteristics in disease
transmission in Kane‘ohe Bay, O‘ahu, Hawaii. Southwest Fish. Sci. Cent.
Admin. Rep. H-98-06C, 15 p. Available online at URL: http://
www.pifsc.noaa.gov/adminrpts/1998-1999/SWFC_Admin_Report_98-06C.pdf; last
accessed February 2010.

AECOS, Inc. [FILE: 1217.D0C] Page |50



Appendix A

Marine biota identified along the Green Line route in south Kane‘ohe
Bay.



Taxa

Species

Green Line Stations

1000 1500 2000 2500 3000 3500 4000 4500 5000

Indet.

Burrows in silt

X X X

X X

Algae
Blue-green Algae | yngbya majuscula X
Green Algae Caulerpa racemosa X
Caulerpa sertularoides X
Dictyosphaeria cavernosa
Red Algae Acanthophora spicifera X
Ceramium sp.
Gracilaria salicornia X
Invertebrates
Sponges Biemna fistulosa X
Halichondria caerulea
Mycale grandis X
yellow-green sponge X
Anemones Gyractis sesere X
Corals Montipora capitata
Porites compressa
Crustaceans Alpheus rapax X
Calappa hepatica X
Chthamalus proteus
Crassostrea sp.
Platypodia eydouxii X
Molluscs Dendostrea sandvicensis X
Hypselodoris infurcata X
Mesochaetopterus
sagittarius X
Plakobranchus ocellatus X
Trochus intextus
Trochus sp. X

Vermetus alii




Green Line Stations

Group Taxa Species 1000 1500 2000 2500 3000 3500 4000 4500 5000
Polychaetes Sabellastarte spectabilis X X
Spirobanchus giganteus X
Sponges Biemna fistulosa X
Halichondria caerulea X
Mycale grandis X X X
yellow-green sponge X
Tunicates Ascidea sydneiensis X
Botryllus sp. X X
Didemnum sp. X X
Phallusia nigra X
Fishes
Damselfish Abudefeduf abdominalis X
Gobies Asterropteryx
semipunctatus X X
Psilogobius mainlandi X
Jacks Caranx melampygus X
Scomberoides lysan X
Parrotfish Scarus psittacus X
Pufferfish Arothron hispidus X
Surgeonfish Acanthurus blochii X X

Acanthurus triostegus
sandvicensis X X

Wrasses Thalassoma duperrey X

Total Species 23 10 30 1 1 1 1 1
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Marine biota identified along the Blue Line route in south Kane‘ohe
Bay.
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Introduction

This report presents findings from a water quality sampling program for a
proposed new Kailua-Kane‘ohe sewage force main. One proposed alternative
includes construction of a subterranean pipeline extending below Kane‘ohe Bay,
connecting the Kailua (‘Aikahi) and Kane‘ohe Wastewater Treatment Plants
(WWTP). This pipeline would be installed using directional drilling from the
land. There will be a need to dredged selected sites, isolated by sheet pilings, in
order to connect sections of the pipe together (see AECOS, 2010 for more
detail). AECOS, Inc was contracted by Austin Tsustumi and Associates, Inc. to
assess water quality in the project area. This report presents the water quality
data collected, compares the findings with water quality standards as set forth
by the State of Hawai‘i (HDOH, 2004), and briefly assesses potential impacts
from the proposed project.

Background

Southern Kane‘ohe Bay was the receiving basin for increasing amounts of
secondary treated effluents from the town of Kane‘ohe and primary sewage
effluents from the Kane‘ohe Marine Corps Air Station (KMCAS) from the 1950s
to the late 1970s, resulting in a general decline in water quality in this section of
Kane‘ohe Bay (Caperon et al., 1971). The KMCAS WWTP discharged sewage at
an outfall in the southeast corner of the Bay from 1951 through 1977. The
Kane‘ohe WWTP discharged sewage at an outfall in the southern corner of the
Bay from 1963 through 1977. In December 1977, the discharge from the

AECOS Inc. [File: 1215B.D0C]

Page|1



Water Quality Assessment KANE‘OHE BAy, O‘AHU

Kane‘ohe plant was permanently diverted to a deep ocean outfall followed six
months later by the diversion of the KMCAS discharge from the Bay (NOAA,
2009).

Water quality in southern Kane‘ohe Bay was also impacted by increasing urban
development during this same time period, resulting in increased runoff and
entrainment of sediments and nutrients to southern Kane‘ohe Bay (Banner and
Bailey, 1970; Banner, 1974), primarily from Kane‘ohe Stream and Kea‘ahala
Stream, and to a lesser degree, Kawa Stream. These inputs further contributed
to the degradation of water quality in southern Kane‘ohe Bay.

Improving water quality conditions in southern Kane‘ohe Bay following sewage
diversion has been well documented (Laws and Redalje, 1979, 1982; Smith,
1979, 1981; Laws, 1981). Since that time, additional studies have been
conducted on factors influencing water quality in southern Kane‘ohe Bay. These
include periodic monitoring by the Hawaii Department of Health (HDOH) from
1979 to 1997 at a station located in the central portion of southern Kane‘ohe
Bay and a station located in the nearshore waters off Kane‘ohe Beach Park
between 1991 and 1997 (EPA, 2009). The Coastal Intensive Site Network
(CISNet) study generated bimonthly water quality data from 1998 to 2001, with
one station located near the mouth of Kane‘ohe Stream and another station in
the central portion of southern Kane‘ohe Bay. These stations were used to
measure terrestrial inputs and influences on southern Kane‘ohe Bay water
quality (SOEST, 2009). Other studies included sediment and nutrient inputs
from streams (Hoover and Mackenzie, 2002) and storm events (DeCarlo et al,,
2007; Ringuet et al., 2003) to southern Kane‘ohe Bay.

Methods

AECOS, Inc. technicians collected water quality samples from five stations in
southern Kane‘ohe Bay, during three sampling events: September 23, October
15, and October 27, 2009. Figure 1 illustrates the station locations. Samples
were collected in the surface waters at three nearshore stations (Stas. “Nuupia”,
“Kawa”, and “Kaneohe”). For two stations (Stas. “B8000” and “B4500”) located
in the deeper waters of southern Kane‘ohe Bay, samples were collected from
surface, mid-depth and bottom waters using a Van Dorn type sampler (Vertical
Beta™ 4.2 Liter). Temperature, pH, and dissolved oxygen measurements were
taken in situ from the sampler or directly from the surface layer. All collected
samples were immediately placed in a cooler and chilled on ice for delivery to
AECOS, Inc. laboratory in Kane‘ohe for analysis (AECOS Log Nos. 25628, 25683,
and 25694). Table 1 lists the analytical methods and instrumentation used in
this survey program.
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Figure 1. Locations of water quality sampling stations in southern Kane‘ohe Bay.

Results

A summary of the existing water quality conditions in southern Kane‘ohe Bay
based upon the three sampling events is shown in Tables 2 and 3. Complete

water quality data for each sampling event are given in Appendix A.

Mean water temperatures varied from a low of 27.3° C in the bottom waters at
Sta. B800O0 to a high of 29.1° C at Sta. Kaneohe, just offshore of Kane‘ohe Stream.
Temperatures decreased with depth at Stas. BB000 and B4500. Mean salinity
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ranged from 20.40 PSU (brackish) at Sta. Kaneohe to a high of 35.16 PSU

(typical ocean water value) in the bottom waters at Sta. 4500.

increased with depth at Stas. BB000 and B4500.

Salinities

Table 1. Analytical methods and instruments used for the analysis of water quality
samples collected from southern Kane‘ohe Bay in September and October 2009.

Analysis Method Reference Instrument
Ammonia EPA 350 M Grasshoff et al. (1986) Technicon AutoAnalyzer I1
Chlorophyll a 10200 H (M) Standard Methods 20th  Turner Fluorometer
Edition (1998)
Dissolved Oxygen SM 4500-O G Standard Methods 20th YSI Model 550A Dissolved
Edition (1998) Oxygen Meter
Nitrate + Nitrite EPA 353.2 Rev 2.0 EPA (1993) Technicon AutoAnalyzer 11
pH SM 4500 H+ Standard Methods 20th ~ Hannah pocket pH meter
Edition (1998)
Salinity SM 2520 B Standard Methods 20th ~ AGE Model 2100 bench
Edition (1998) salinometer
Temperature thermister calibrated to Standard Methods 20™ YSI Model 550A Dissolved
NBS. Cert. thermometer Edition (1998) Oxygen Meter
SM 2550 B
Total Nitrogen persulfate digestion/EPA  Grasshoff et al (1986)/  Technicon AutoAnalyzer 11
353.2 EPA (1993)
Total Phosphorus  persulfate digestion/EPA  Grasshoff et al. Technicon AutoAnalyzer II
365.1 Rev 2.0 (1986)/EPA (1993)
Total Suspended  Method 2540 D Standard Methods 20th ~ Mettler H31 balance
Solids Edition (1998)
Turbidity EPA 180.1 Rev 2.0 EPA (1993) Hach 2100N Turbidimeter

EPA. 1993. Methods for the Determination of Inorganic Substances in Environmental
Samples. EPA 600/R-93/100.

Grasshoff, K., M. Ehrhardt, & K. Kremling (eds). 1986. Methods of Seawater Analysis (2nd
ed). Verlag Chemie, GmbH, Weinheim.

Standard Methods. 1998. Standard Methods for the Examination of Water and Wastewater.
20th Edition. 1998. (Greenberg, Clesceri, and Eaton, eds.). APHA, AWWA, & WEF. 1220 p.
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Table 2. Summary of water quality for selected physicochemical parameters in
southern Kane‘ohe Bay based on three sampling events.

Arithmetic Means

Geometric Means

Station Temp. Salinity DO Sat. pH Turbidity TSS
Y] (ppt) (%) (NTU) (mg/L)

Nuupia 27.4 33.10 98 7.74 2.85 6.8
B8000

Surface  27.5 33.85 110 8.05 1.20 4.1

Mid-depth (14") 27.4 34.96 98 8.02 1.10 4.4

Bottom (25") 27.3 35.10 93 7.99 1.75 4.6
B4500

Surface ~ 28.2 33.97 111 8.08 0.98 3.8

Mid-depth (16.5") 27.7 34.95 108 8.05 0.95 4.0

Bottom (30) 27.4 35.16 91 8.04 5.09 9.7

Kawa 29.0 33.47 108 8.02 2.02 6.0

Kaneohe 29.1 20.40 110 7.98 1.94 5.9

Mean dissolved oxygen (DO) saturation levels ranged from 91% in the bottom
waters at Sta. 4500 to a high of 111% in the surface waters also at Sta. B4500.
Mean pH ranged from a low of 7.74 at Station Nuuipa to a high of 8.08 in the
surface waters at Sta. B4500. DO saturation levels decreased with depth at both

Stas. 8000 and 4500.

Geometric means were calculated for particulates (turbidity and total
suspended solids [TSS]) and for nutrients for comparison with state water
quality criteria (see below). Turbidity geometric means ranged from 0.95 NTU
at mid-depth at Sta. B4500 to a high of 5.09 NTU in the bottom waters at Sta.
B4500. Geometric mean values for TSS ranged from 3.8 mg/L in the surface
waters at Sta. B4500 to a high of 9.7 mg/L in the bottom waters of Sta. B4500.
TSS concentrations increased with depth at both Stas. 8000 and B4500, while
turbidity did not.

AECOS Inc. [File: 1215B.DOC]

Pagel5



Water Quality Assessment KANE‘OHE BAy, O‘AHU

Table 3. Summary of water quality results (geometric means) for nutrients and
chlorophyll a in southern Kane‘ohe Bay, based on three sampling events

Station NO2+NOs3 Total N Total P Chl. o
(ng N/L) (ng N/L) (ugP/L) (png/L)
B8000
Surface 4 195 15 0.80
Mid-depth (14") 5 193 14 1.10
Bottom (25) 4 211 20 1.70
B4500 2 179 18 0.80
Mid-depth (16.5") 1 198 19 0.83
Bottom (30°) 1 221 24 3.40
Kawa 14 251 21 1.43
Nuupia 8 237 24 1.06
Kaneohe 70 354 26 1.89

Geometric means for nitrate-nitrite ranged from 1 to 5 pg N/L at all depths at
Stas. B4500 and B8000 to 70 pg N/L at Sta. Kaneohe near the mouth of
Kane‘ohe Stream. Geometric means for total nitrogen (TN) ranged from 179 ug
N/L, in the surface waters at Sta. B4500, to 354 pg N/L at Sta. Kaneohe. Total
phosphorus means ranged from 14 pg P/L, in the mid-depth waters at Sta.
B8000, to 26 pg P/L at Sta. Kaneohe. Samples for ammonia were collected and
analyzed, but were consistently high for this parameter. In open waters of the
Bay, ammonia should be around 5 pg N/L or less. Laboratory QA/QC was
unable to attribute the problem to an analytical cause. Since these results are
presently considered unreliable, the values have not been assessed further for
this report.

Chlorophyll a means ranged from 0.80 pg/L, in the surface waters at Sta. 8000
and Sta. 4500 to a high of 3.40 pg/L, in the bottom waters at Station B4500.
Chlorophyll a concentration increased with depth at Station B8000 and B4500.

State of Hawai‘i water quality standards for embayments (HDOH, 2004; see
Table 4) are divided into “wet” and “dry” criteria based upon fresh water inputs
to the bay (see footnotes at bottom of Table 4). Because there are substantial
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stream and groundwater inputs to Kane'ohe Bay, as evidenced by the reduced
salinity levels at the shallow nearshore stations, the results of the present study
are compared with appropriate “wet” criteria.

Table 4. State of Hawai‘i water quality criteria for embayments (geometric mean
values) for wet and dry embayments from HAR §11-54-06(a)(3).

Geometric Mean Value not to be Value not to be
value not to exceeded more exceeded more
exceed than 10% of than 2% of
Parameter this value the time the time
Total
Nitrogen 150.00 250.00 350.00
(ug N/1) 200.00 350.00 500.00
Ammonia 3.50 8.50 15.00
(ug N/1) 6.00 13.00 20.00
Nitrate-
Nitrite 5.00 14.00 25.00
(ug N/1) 8.00 20.00 35.00
Total
Phosphorus 20.00 40.00 60.00
(ug P/1) 25.00 50.00 75.00
Chlorophyll
(ng/1) 0.50 1.50 3.00
1.50 4.50 8.50
Turbidity
(NTU) 0.40 1.00 1.50
1.50 3.00 5.00

“dry” criteria apply when the average fresh water inflow from the land equals or exceeds one per
cent of the embayment volume per day.

“wet” (italicized) criteria apply when the average fresh water inflow from the land equals or exceeds
one per cent of the embayment volume per day.

Applicable to both “wet” and “dry” conditions:
- pH units shall not deviate more than 0.5 units from a value of 8.1.
- Dissolved oxygen shall not decrease below 75% of saturation.
- Temperature shall not vary more than 1 CO from ambient conditions.
- Salinity shall not vary more than 10% from natural or seasonal changes.
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Salinity and temperature during the three sampling events represent ambient
conditions, to which future measurements might be compared and compliance
with state criteria for these parameters determined. All dissolved oxygen (DO)
saturation levels were greater than the minimum 75 percent specified by the
DO saturation criterion (see Appendix A). pH values were within the range of
7.60 to 8.70, as specified by the criterion for this parameter.

Turbidity geometric means in the surface and mid-depth waters at Stas. B4500
and B8000 did meet the “wet” criterion, but the bottom waters of these two
stations and Stas. Kawa, Nuupia, and Kaneohe did not meet the state criterion.
There are no state water quality criteria for TSS in marine waters, but increases
in TSS concentrations may occur from proposed project activities and the values
reported herein serve as a baseline to gauge any project effects.

Nitrate-nitrite geometric means were in compliance with the geometric mean
“wet” criterion at Stas. B4500 and B800O0, but only at Sta. Nuupia of the three
nearshore stations, suggesting Kawa and Kane‘ohe streams are sources of high
nitrates. Total nitrogen geometric means exceeded the state geometric mean
“wet” criterion at the nearshore stations and the bottom samples further out in
the bay. Total phosphorus geometric means met the “wet” geometric mean
criterion at all stations, except for Sta. Kaneohe which was very slightly above.
The pattern for Chlorophyll a geometric means was very similar to that shown
by the TN means.

Assessment

The water quality in southern Kane‘ohe Bay is influenced by fresh water inputs
from both Kane‘ohe and Kea‘ahala streams, and to a lesser degree Kawa Stream,
especially during storm events. Fig. 2 shows nine significant storm events (with
daily rainfall in excess of 1 inch [3.5 cm]) in Kane‘ohe over a two year period
that influenced sediment and nutrient transport into southern Kane‘ohe Bay
(SOEST, 2009).

Hoover and Mackenzie (2009) determined that storm events account for about
93% of suspended particulate matter entering Hawai‘i coastal waters and about
85% of nutrient fluxes. Additionally, several studies have demonstrated that
nitrogen and phosphorus moieties contained in Kane‘ohe Bay sediments have a
direct effect on algal productivity (Larned and Stimson, 1996; Larned and
Atkinson, 1997).

Excavation in the bottom of southern Kane‘ohe Bay would result in the
resuspension of bottom sediments into the water column. This resuspension
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would directly affect turbidity and TSS concentrations in the water column.
Based upon the studies cited above, it is likely that nitrogen and phosphorus
moieties will be released from these sediments and could be utilized by benthic
algae and phytoplankton productivity. Sediment suspension may affect changes
to DO and pH, as well.
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Figure 2. Daily rainfall as measured at the Luluku gauge in Kane‘ohe from mid
1998 through mid 2000 (SOEST, 2009).

Most of the length of the proposed pipeline will be drilled horizontally well
below the surface of the bottom of the Bay, avoiding disturbance of the
sediment. Only the dredging needed to excavate the connection points will
disturb the bottom in a way having potential to impact on water quality. These
locations (pipe connection points) will be surrounded by sheet pilings in order
to isolate them from the waters of the Bay. Disturbance of the bottom sediment
in these locations will be temporary. Silt curtains will be deployed to further
limit the spread of any turbidity plumes generated by the construction. Changes
in water quality caused by construction activities can be expected to be
localized and temporary.

Spillage of pollutants such as diesel oil from boat and/or platform operations
would degrade water quality in surface. The State of Hawai‘i water quality
standards (HDOH, 2004) mandated that:
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“All waters shall be free of substances
attributable to domestic, industrial, or
other controllable sources of pollutants,
including...floating debris, oil, grease....”

Best management practices (BMPs) that should be employed during excavation
include the deployment of containment devices/silt curtains and
implementation of a water quality monitoring program to ensure that BMPs are
containing particulates. A monitoring program should include sampling for
turbidity, TSS, and nitrogen and phosphorus moieties both inside and outside
the silt curtains and sheet piles used during excavation. The water quality data
presented in this report represents general conditions, and preconstruction
water quality sampling will likely be required.

Preventative BMPs for pollutant spills include proper storage of potential
pollutants, appropriate training of personnel to prevent spills and implement
clean-up operations in the event of a spill, and having proper clean-up gear
onboard project boats and platforms at all times.
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Station Time Depth Temp Salinity DO sat. pH
(ft) (G (ppt) (%)

9/23/2009
B8000-S 1132 28.5 34.05 95 7.96
B8000-M 1141 14 27.8 35.15 77 7.91
B8000-B 1150 25 27.5 35.23 88 7.90
B4500-S 1240 28.6 34.98 99 8.02
B4500-M 1248 16.5 27.9 35.30 94 8.03
B4500-B 1258 30 27.5 35.30 74 7.99
Nuupia 1048 28.0 34.49 84 7.55
Kawa 1322 29.9 33.52 115 8.07
Kaneohe 1345 30.1 33.94 118 8.06

10/15/2009
B8000-S 0942 26.8 32.90 125 8.16
B8000-M 0953 14 27.2 34.88 111 8.08
B8000-B 1001 25 27.2 35.12 93 8.02
B4500-S 1105 27.9 33.04 121 8.14
B4500-M 1115 16.5 27.6 34.75 119 8.13
B4500-B 1124 30 27.6 35.19 95 8.05
Nuupia 1032 271 32.15 122 7.95
Kawa 1207 29.1 32.91 95 7.97
Kaneohe 1151 28.5 10.97 97 7.98

10/27/2009
B8000-S 1043 27.2 34.59 110 8.04
B8000-M 1051 14 27.2 34.84 105 8.07
B8000-B 1101 25 27.1 34.96 98 8.05
B4500-S 0113 28.2 33.90 112 8.08
B4500-M 1136 16.5 27.7 34.80 111 8.00
B4500-B 1141 30 27.2 34.98 104 8.07
Nuupia 1028 27.0 32.66 88 7.71
Kawa 1201 28.1 33.98 114 8.03
Kaneohe 1215 28.6 16.30 114 7.91



Station Turbidity TSS Ammonia NO2+NO3 TN TP Chl. a
(NTU) (mg/L) (ngN/L) (ugN/L) (ugN/L) (ngP/L) (ng/L)

9/23/2009
B8000-S 1.26 4.5 5 216 <20 0.73
B8000-M 0.98 5.7 6 247 <20 1.07
B8000-B 0.88 2.7 2 216 <20 1.08
B4500-S 0.77 3.6 2 202 <20 0.64
B4500-M 1.10 4.3 2 257 <20 0.76
B4500-B 8.42 10.0 1 277 <20 3.91
Nuupia 3.56 9.0 7 279 <20 1.93
Kawa 2.12 7.5 11 267 <20 1.36
Kaneohe 1.59 5.9 8 248 <20 1.33

10/15/2009
B8000-S 1.34 4.4 76 11 205 15 0.53
B8000-M 1.32 3.8 69 8 174 11 0.71
B8000-B 4.32 8.6 88 12 227 17 1.83
B4500-S 1.15 5.1 67 166 24 0.64
B4500-M 0.66 3.6 69 181 25 0.45
B4500-B 4.64 9.0 68 206 31 3.84
Nuupia 3.30 6.0 74 214 35 0.63
Kawa 1.51 5.3 92 13 265 32 1.59
Kaneohe 2.45 8.2 124 156 423 31 3.14

10/27/2009
B8000-S 1.02 3.6 65 1 167 14 1.33
B8000-M 1.04 4.0 67 2 168 16 1.73
B8000-B 1.42 4.3 68 3 192 29 2.47
B4500-S 1.05 3.0 66 2 171 17 1.23
B4500-M 1.18 4.1 68 1 168 18 1.65
B4500-B 3.37 10.2 67 1 189 31 2.61
Nuupia 1.98 5.7 77 16 222 26 0.98
Kawa 2.56 5.5 82 21 223 20 1.35
Kaneohe 1.87 4.2 100 276 421 37 1.62
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Introduction

A proposed sewer force main connecting the Kane‘ohe Wastewater Treatment
Plant (WWTP) with the ‘Aikahi WWTP on windward O‘ahu is in early planning
stages. A subterranean pipeline beneath Kane‘ohe Bay (Fig. 1) is being
considered as an alternative to a land-based route for the new pipeline to
supplement or replace the existing pipeline linking the Kane‘ohe and Kailua
plants. Microtunneling and pulling (jacking) the pipe through the tunnel will
require setups on the land at either end. In addition, base yards are anticipated
where the pipe sections are connected prior to deployment under the Bay. Two
alternative routes crossing the south part of Kane‘ohe Bay (Fig. 1) are currently
under consideration, however, these come ashore at the Kailua?2 (‘Aikahi) end at
the same point, and are close together at the Kane‘ohe end.

Potential impact areas at the southern or Kane‘ohe end extend from the mouth
of Kane‘ohe Stream to the vicinity of the Kokokahi YWCA. Potential impact
areas at the northern or ‘Aikahi end would be inland from the in the vicinity of
the H-3/Kane‘ohe Bay Drive exchange.

! This report was prepared for Austin Tsutsumi & Associates, Inc., Honolulu; to be used as needed for
planning purposes. This report may become part of the public record for permitting or due
diligence purposes.

2 Although we describe this area as the Kailua end of the project, in fact no part of the project is in
Kailua since ‘Aikahi, like Mokapu, is technically part of Kane‘ohe, although served by the Kailua
Post Office.
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KA'A’AWA

PROJECT LOCATIONS

BARBERS POINT
MAMALA BaAY

Figure 1. Survey locations on the Island of O‘ahu.

Methods

On February 10, 2010, a pedestrian botanical survey was made by AECOS
biologist, Eric Guinther, of areas potentially impacted by the land sites at the
Kane‘ohe end (Fig. 2) of the proposed subterranean sewer force main. The
survey area included Waikalua Loko (fishpond), the Kaneohe Pump Station
(former WWTP), and the Bay View Golf Course. The survey consisted of
walking the subject areas (at Bay View Golf Course, a cart was used to access
areas on the course) using a handheld GPS unit (Trimble GeoXT) to ensure
complete coverage of the properties in the areas shown in Fig 2. All plant
species encountered were noted. A return visit was made on August 20, 2010
to enhance assessment of wetland boundaries in proposed pipe set-up areas
potentially impinging on Kawa Stream and a wetland on Bay View Golf Course

property.

AECOS Inc. [FILE: 1215D.docx] Page | 2
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Botanical Survey KANEOHE FORCE MAIN, O‘AHU

Several past botanical surveys have been conducted in the project areas,
including: Linney and Char (1989) and AECOS (2006, 2008). The species listed
in these reports have been incorporated into Table 1 (see footnotes).

Names of ferns and fern allies follow Palmer (2003). Flowering plant names
follow Manual of the Flowering Plants of Hawai‘i (Wagner et al. and Wagner and
Herbst, 1990, 1999). Ornamental plant names follow A Tropical Garden Flora:
Plants Cultivated in the Hawaiian Islands and Other Tropical Places (Staples and
Herbst, 2005). Hawaiian and scientific names of plants are italicized in the text.

Results

The results of the surveys are expressed as a description of the vegetation and a
listing of plant species encountered (Table 1). The vegetation in all areas is
typical of disturbed or landscaped environments, with the exception of the
mangal (Rhizophora mangle mangrove forest) present along the shore, in
Waikalua Loko fishpond, and up into lower Kawa Stream. Inland from the
mangal is typically a sparse to moderate growth of milo (Thespesia populnea).
Some not recently disturbed areas are covered by grasses and scattered shrubs.
Landscaped areas predominate at the Kane‘ohe Pump Station, the Bay View Golf
Course, the YWCA, and the H-3 interchange. Landscaping involves both regular
mowing of lawn grasses and maintenance of plantings of trees and shrubs,
mostly or typically ornamental species. Wetlands occur in two areas: along the
shore and estuarine areas (mangal is a wetland type), and a freshwater wetland
on undeveloped land at the Bay View Golf Course (see below).

Although we prefer to provide a qualitative sense of abundance of each species
as part of the list of species (flora; Table 1), the survey covered such a diversity
of environments—from along the Kane‘ohe Bay shoreline, to riparian areas of
Kane‘ohe and Kawa streams, to ruderal sites associated with roads and
construction areas, to highly manicured grounds of the golf course—that
describing abundance proved impossible without reference to the many
localized environments.

The survey by AECOS (2008) on the Bay View Golf Course encompassed the
channel of Kawa Stream and immediate surrounding ground, from just
downstream of Kane‘ohe Bay Drive to a point not far downstream of the lowest
cart path over the stream. The present survey started near the same cart path
and extended downstream to the mouth and on the golf course west as far as
Kane‘ohe Stream and east as far as Kane‘ohe Bay Drive, although some
undeveloped and forested areas not proposed impacts by the project were not
surveyed.
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Botanical Survey KANEOHE FORCE MAIN, O‘AHU

Table 1. Checklist of plants found in potential terrestrial project areas,
Kaneohe Force Main Project

Family

Species Common name STATUS _ TYPE NOTES

PTERIDOPHYTES ~ FERNS & FERN ALLIES

POLYPODIACEAE

Phlebodium aureum (L.) J. Sm. rabbit’s foot fern Nat <5>

Phymatg;:s;;t;si3 gr]()rgrslil;s (Langsd. & laua‘e Nat H  <245>
THELYPTERIDACEAE

Christella parasitica (L.) H. Lév. wood fern Nat H <2,5>

FLOWERING PLANTS
DICOTYLEDONS

ACANTHACEAE

Asystasia gangetica (L.) T. Anderson Chinese violet Nat H <4,5>

Justicia betonica L. white shrimp plant  Nat  H

Thunbergia fragrans R oxb. sweet clock vine Nat H
AIZOACEAE

Sesuvium portulacastrum (L.) L. ‘akulikuli Ind H <4>

Trianthema portulacastrum L. Nat H
AMARANTHACEAE

Alternanthera sessilis (L.) R.Br. Ex DC  sessile joyseed Nat H <2,5>

Amaranthus spinosus L. spiny amarnth Nat H

Amaranthus viridis L. slender amaranth Nat H
ANACARDIACEAE

Mangifera indica L. mango Nat T

Schinus terebinthifolius Raddi Christmas berry Nat T <4>
APIACEAE

Centella asiatica (L.) Urb. Asiatic pennywort ~ Nat

Ciclospermum leptophyllum (Pers.) fir-leaved celery Nat

Sprague

APOCYNACEAE

Allamanda cathartica L. allamanda Om

Catharanthus roseus (L.) G. Don periwinkle Nat H

Plumeria obtusa L. Singapore plumeria Om T
ARALIACEAE

Schefflera actinophyla (Endl.) Harms  octopus tree Nat T <5>
ASTERACEAE (COMPOSITAE)

Ageratum conyzoides L. maile hohono Nat H

AECOS Inc. [FILE: 1215D.docx]
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KANEOHE FORCE MAIN, O‘AHU

Table 1 (continued).

Family
Species Common name STATUS _ TYPE NOTES
ASTERACEAE (continued)
Ageratum houstonianum Mill. bluemink Nat H <2,5>
Bidens alba (L.) DC beggartick Nat H
Bidens pilosa L. beggartick Nat H <4>
Calyptocarpus vialis Less. Nat H <1>
Conyza bonariensis (L.) Crong. hairy horseweed Nat H
Dyssodia tenuiloba (Cand.) Robinson Nat H
Emilia fosbergii Nicolson Flora’s paintbrush Nat H <5>
Lactuca serriola L. prickly lettuce Nat H
Pluchea indica (L.) Less. Indian fleabane Nat S <4>
Pluchea carolinensis sourbush Nat S
i i i i small yellow
Sigesbeckia orientalis L. Crown}; llow Nat H <255
Sonchus oleraceus L. pualele Nat H <5>
Spagneticola trilobata (L.) wedelia Nat H <4,5>
Synedrella nodiflora (L.) Gaertn. nodeweed Nat H
Taraxacum officinale W.W. Weber  common dandelion
ex Wigg. Nat H <2,5>
Tridax procumbans L. coat buttons Nat H <4>
Xanthium strumarium var. cocklebur, kikania
canadense (Mill.) Torr. & A. Gray Nat H <2,5>
Youngia japonica (L.) DC Oriental hawksbeard ~ Nat H
BATACEAE
Batis maritima L. pickleweed Nat S <4>
BIGNONIACEAE
Spathodea campanulata P. Beauv. African tulip tree Nat T
Tabebuia aurea (Silva Manso) S. silver trumpet
Moore Orn T
Tabebuia heterophylla (A.P. de pink tecoma orn T
Candolle) Britton
BORAGINACEAE
Heliotropium curassavivum L. kipikai Ind H <6>
Heliotropium procumbens Mmill. Nat H
BRASSICACEAE
Brassica campestris L. field mustard Nat H
Cardamine flexuosa With. woodland bittercress Nat  H <2,5>
Coronopus didymus (L.) Sm. swinecress Nat H
CARICACEAE
Carica papaya L. papaya Nat H <2,5>

AECOS Inc. [FILE: 1215D.docx]
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Table 1 (continued).

Gris.

Family
Species Common name STATUS _ TYPE NOTES
CASUARINACEAE
Casuarina equisetifolia L. common ironwood Nat T <2,4>
CLUSIACEAE
Clusia rosea Jacq. autograph tree Nat T
COMBRETACEAE
Conocarpus erectus L. buttonwood Nat T <3,4>
Terminalia catappa L. tropical almond Nat T <2,4>
CONVOLVULACEAE
Ipomoea alba L. moonflower Nat V <2,5>
Ipomoea obscura (L.) Ker-Gawl. Nat \Y%
Ipomoea triloba L. little bell Nat V
Merremia tuberose (L.) Rendle wood rose Nat \Y%
CUCURBITACEAE
Coccinia grandis (L.) Voigt scarlet-fruited Nat H
gourd
EUPHORBIACEAE
Aclypha wilkesiana Miiller Arg. beefsteak plant Orn S
Aleurites moluccana (L.) Wild. kukui Pol T
Chamaesyce hirta (L.) Millsp. garden spurge Nat H
Chamaesyce hypericifolia (L.) Millsp.  graceful spurge Nat H
Codiaeum variegatum (L.) Blume croton Orn S
Phyllanthus debilis Klein ex Willd. niuri Nat H
Ricinus communis L. castor bean Nat S
FABACEAE
Acacia confusa Merr. Formosan koa Nat T
Acacia farnesiana (L.) Willd. klu Nat S <2,4>
Albizia lebbeck (L.) Benth. Nat T
Bauhania cf. galpinii N.E. Brown nasturtium bauhania Orn T <2,4>
Canavalia cathartica Thouars maunaloa Nat V
Canavalia sericea A. Gray silky jackbean Nat V <3>
Cassia X nealiae Irwin & Balwin. rainbow shower Orn T <6>
Centrosema molle Mart. ex Benth. Om V
Chamaecrista nictitans (L.) Moench partridge pea Nat H
Crotalaria incana L. fuzzy rattlepod Nat H
Desmanlitlfllglsur[f:mambUCanUS (L) virgate mimosa Nat H <d>
Desmodium tortuosum (Sw.) DC Florida beggarweed Nat H
Enterolobium cyclocarpum (N.Jacq.)  earpod om T
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KANEOHE FORCE MAIN, O‘AHU

Table 1 (continued).

Family
Species Common name STATUS _ TYPE NOTES
FABACEAE (continued)
Falcataria moluccana (Miq.) Barneby  albizia Nat
& Grimes
Indigofera hendycaphyla creeping indigo Nat H <5>
Indigofera suffruticosa Mmill. indigo Nat S
Leucaena leucocephala (Lam.) deWit  koa haole Nat S, T <4,5>
Macroptilium lathyroides (L.) Urb. wild bean Nat H
Medicago sp. bur clover Nat H
Melilotus indica (L.) AlL yellow sweet clover Nat H
Mimosa pudica var. unijuga (Duchass. ~sensitive plant Nat H <S>
& Walp.) Griseb.
Neonotonia wightii (Wight & Arnott) glycine vine Nat H
Lackey
Prosop|swpizlall(;.|)aId<rzll IEt}}IIumb. & Bonpl. Ex kiawe Nat <245
Samanea saman (N. Jacq.) Merr. monkeypod Nat <4>
Senna S;r]g::igs}i/s (Burm. £) H. S. Irwin  scrambled egg plant ~ Orn S <2.5>
GOODENIACEAE
Scaevola sericea Vahl. naupaka kahakai Ind S
LAMIACEAE
Hyptis pectinata (L.) Poit. comb hyptis Nat H
MALVACEAE
Abutilon grandifolium (Willd.) Sweet ~ hairy abutilon Nat S
Hibiscus rosa-sinensis L. Chinese hibiscus Orn S
Hibiscus tiliaceus L. hau Ind TS <5>
Malva parviflora L. cheeseweed Nat H
Malvastrum americanum (L.) Torr. false mallow Nat H
Sida spinosa L. prickly sida Nat H
Thespesia populnea (L.) Sol. ex Corréa  milo Ind T
MELASTOMATACEAE
Clidemia hirta (L.) D. Don var. hirta Koster’s curse Nat H
MORACEAE
Ficus microcarpa L. Chinese banyan Nat T <5>
MORINGACEAE
Moringa oleifera Lam. horseradish tree Om T
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KANEOHE FORCE MAIN, O‘AHU

Table 1 (continued).

Family
Species Common name STATUS _ TYPE NOTES
MYRTACEAE
Call isteg?lgo\llliminalis (J. Gaertn.) weeping bottlebrush
Melalelgcgk(guinquenerwa (Cav.)S.T.  paperbark Nat T
Psidium cattleianum Sabine strawberry guava Nat S
Psidium guajava L. common guava Nat T
Syzigium cumini (L.) Skeels Java plum Nat T <5>
NYCTAGINACEAE
Boerhavia coccinea Mill. false alena Nat H <2,4>
Bougainvillea spectabilis wild. bougainvillea Om S
OXALIDACEAE
Oxalis corniculata L. yellow wood sorrel Ind
Oxalis debilis var. corymbosa (A.p.  pink wood sorrel orn
de Candolle) Lour.
PLANTAGINACEAE
Plantago major L. common plantain Nat H <5>
POLYGONACEAE
Coccoloba univera (L.) L. sea grape Nat T <2,4>
PRIMULACEAE
Anagallis arvensis L. scarlet pimpernel Nat H
RHIZOPHORACEAE
Rhizophora mangle L. red mangrove Nat T <4, 5>
RUBIACEAE
Morinda citrifolia L. noni Pol S/T
Padaeria foetida L. maile pilau Nat V
Spermacoce assurgens Ruiz & Pav.  buttonweed Nat H
SAPINDACEAE
Filicium decipiens (Wight & Arnott) fern tree
Thwaites Nat T
SOLANACEAE
Solanum americanum Mill. pépolo Ind H
Solanum lycopersicum var. cherry tomato Nat H
cerasiforme (Dunal) Spooner
Solanum mauritianum Scop. pua nand honua Nat H
Solanum torvum Sw. Nat H
STERCULIACEAE
Waltheria indica L. ‘uhaloa Ind H
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KANEOHE FORCE MAIN, O‘AHU

Table 1 (continued).

Family
Species Common name STATUS _ TYPE NOTES
ULMACEAE
Trema orientalis (L.) Blume gunpowder tree Nat T
VERBENACEAE
Citharexylum caudatum L. fiddlewood Nat S
Stachytarpheta australis Moldenke Nat H <2,4>
Stachtarpheta dichotoma (Ruiz & owi Nat
Pav.) Vahl
MONOCOTYLEDONES
AGAVACEAE
Cordyline fruticosa (L.) A. Chev. ti, ki Pol S
Dracaena fragrans (L.) Ker Gawl. fragrant dracaena Orn H
ARACEAE
Dieffenbachia maculata (Loddiges) G.  dumb cane
Don Orn H
Epipremnum pinnatum ‘Aureum’ G.S.  pothos
Bunting Nat
Syngonium cf. podophyllum Schott nephthytis Nat V
Xanthosoma robustum Schott ‘ape Nat H <5>
ARECACEAE
i Alexandra palm
Archong\(/)lgggrz)n g( %ﬁﬁ?ﬁdrae (F. p Nat T 1>
Cocos nucifera L. coconut, niu Pol T <4, 5>
Dypsis lutescens (H. Wendl.) Beentje golden-fruited
& Dransfield palm Om T
Phoenix hybrid Phoenix palm Nat T
Pritchardia thurstonii F. Mueller & Fiji fan palm
Drude Orn T
Wodyetia bifurcata Irwine foxtail palm Oon T
CANNACEAE
Canna indica L. canna, Indian-
Orn H <6>
shot
COMMELINACEAE
Commelina diffusa N.L. Burm. day flower Nat H <5>
CYPERACEAE
Cyperus gracilis R. Br. McCoy grass Nat H <5>
Cyperus involucratus Rottb. umbrella sedge Nat H <5>
Cyperus polystachyos Rottb. Ind H
Cyperus rotundus L. nut grass Nat H
Fimbristylis dichotoma (L.) Vahl Ind H <2,4>
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Table 1 (continued).

Family
Species Common name STATUS _ TYPE NOTES
CYPERACEAE (continued)
Kyllinga nemoralis (J.R. Forster & G. kili‘o‘opu Nat  H
Forster) Dandy ex Hutchinson & Dalziel
MUSACEAE
Musa cultivar banana Orn H <5>
PANDANACEAE
Pandanus tectorius Z Ind T
POACEAE (GRAMINEAE)
Andropogon virginicus L. broomsedge Nat
AXONOpuUs COMpPressus (Swartz) P. Beau.  brd-lvd carpetgrass Nat H <1,5>
Bothriochloa pertusa (L.) Camus pitted beardgrass  Nat  H <5>
Cenchrus echinatus L. commom sandbur  Nat H <5>
Chloris barbata (L.) Sw. swollen fingergrass ~ Nat H <4>
Chloris virgata Sw. feather fingergrass Nat H
Coix lacryma-jobi L. Job’s tears Nat H <5>
Cynodon dactylon (L.) Pers. Bermuda grass Nat H <4,5>
Cynodon hybrid Tifdwarf Orn H <6>
Digitaria ciliaris (Retz.) Koeler Henry's crabgrass  Nat H <1>
Digitaria insularis (L.) Mez ex Ekman sourgrass Nat H
Digiteria sp. v. long racemes Nat H
Echinochloa colona (L.) Link jungle-rice Nat H
Eleusine indica (L.) Gaertn. wiregrass Nat H <5>
Eragrostis pectinacea (Michx.) Nees  Carolinalovegrass Nat  H <5>
Leptochloa uninervia (K. Presl.) Hitche.  sprangletop Nat H
& Chase
Melinus repens Natal redtop Nat H
Paspalum conjugatum Bergius Hilo grass Nat H <1,5>
Paspalum fimbriatum Kunth Panama paspalum  Nat H
Paspalum scrobiculatum L. ricegrass Ind H <2,5>
Paspalum urvillei Steud. Vasey grass Nat H <2,5>
Pennisetum purpureum Schumach. elephant grass Nat H <5>
Setaria verticillata (L.) P. Beauv. bristly foxtail Nat H
Sorghum halepense (L.) Pers. Johnson grass Nat H
Sporobolus cf. indicus (L.) R. Br. dropseed Nat H
Sporaobolis virginicus Ind §H
Urochloa maxima (Jacq.) Webster Guinea grass Nat H <4,5>
Urochloa mutica (Forssk.) Nguyen California grass Nat H <5>
STRELITZIACEAE
Ravenala madagascariensis Sonnerat traveler’s tree Om T
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Table 1 (continued).

Legend to Table 1

Status = distributional status

end. = endemic; native to Hawaii and found naturally nowhere else.
ind. = indigenous; native to Hawaii, but not unique to the Hawaiian Islands.
nat. = naturalized, exotic, plant introduced to the Hawaiian Islands since the arrival of Cook Expedition in
1778, and well-established outside of cultivation.
orn. = exotic, ornamental or cultivated; plant not naturalized (not well-established outside of cultivation).
pol. = Polynesian introduction before 1778.
Abundance = occurrence ratings for plants in survey area.
R —Rare - only one, two, or three plants seen.
U - Uncommon - several to a dozen plants observed.
O - Occasional - found regularly around the site.
C - Common - considered an important part of the vegetation and observed numerous times.
A - Abundant - found in large numbers; may be locally dominant.
AA - Abundant - abundant and dominant in some areas surveyed, defining vegetation

in those areas.
Notes:
<1> a naturalized species utilized as an ornamental.
<2> From referenced reports only; not recorded in this (2010) survey.
<3> plant lacking seasonal flowers or fruit; identification uncertain.
<4> Also recorded in AECOS (2006) between shore and H-3 freeway
<5> Also recorded in AECOS (2008) near and along Kawa Stream at the
Bay View Golf Course.

The following description is of the mangrove forest along the H-3 Freeway
shoreline in the general area proposed for the ‘Aikahi end of the project. The
tunneling method proposed would pass deep below the shoreline at this point,
so no disturbance of the shore vegetation is anticipated in this location. The
vegetation at and behind the shore is described as follows (AECOS, 2006, p. 26-
28):

A narrow belt of red mangrove lines the shore of the H-3 causeway from
the MCBH-KB Mokapu Central Drainage Channel (MCDC) outlet near the
base main gate to the southern culvert (Culvert No. 5) for Nu‘upia ‘Ekahi
pond. In the middle of this segment, mangroves extend to the very edge of
the reef flat (actually to the dredged face of the reef) with the prop roots
adjacent to coral colonies... Further south, the mangrove belt is widely
separated from coral bottom areas. South of Culvert No. 5, the mangrove
expands into a mangal—a mangrove forest—that continues the length of
the causeway shore to an area of residential lots along Kane‘ohe Bay Drive

The mangal ends in the crux formed where the causeway meets the
original shore at ‘Aikahi. Only scattered occurrences of mangrove trees
occur along the shore of Kane‘ohe Bay to the west and south of the
causeway because of a narrow dredged boat channel just off the shore and
presumably the efforts by property owners to maintain this channel and
private inlets and docks free for navigation. ...The ...area is the largest or
second largest concentration of mangrove plants in south Kane‘ohe Bay,
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the other of comparable size being that associated with Waikalua [Loko]
Fishpond and Kawa Stream at Kokokahi some 1.7 mi (2.7 km) distant.

The mangal off the southern end of H-3 causeway has a closed-canopy of
mature trees and a dense understory of prop roots and young trees. There
is one large (100 ft or 30 m diameter) mangrove islet off the Nu‘upia ‘Ekahi
culvert channel; the islet is currently being used as a “campsite.” Several
smaller mangrove islets and numerous isolated young trees growing on the
reef flat seaward of the forest indicate that the mangrove forest is
expanding seaward...

AECOS (2006) listing of plant species extended from the shoreline along the H-3
causeway up to and including part of the H-3/Kane‘ohe Bay Drive Interchange.

Jurisdictional Waters

Jurisdictional waters or Waters of the U.S. are waters subject to the tide,
streams, and wetlands that come under the jurisdictional authority of the U.S.
Environmental Protection Agency (USEPA) and the U.S. Army Corps of
Engineers (USACE). Kane‘ohe Bay is a jurisdictional water; so are Kane‘ohe and
Kawa streams, Waikalua Loko and other nearby fishponds, and the wetland on
the Bay View Golf Course directly south of Kawa Stream (see Fig. 3). The
wetland boundary, in this latter case, appears to have originally come from
Elliott and Hall (1977) as presented in Linney and Char (1998). In general, the
old boundary as depicted appears fairly accurate as compared with the present
outline of this wetland. No other areas in the immediate vicinity of the project
were identified in our survey as being Waters of the U.S.

Conclusions

No plant species listed as endangered, threatened, or currently proposed for
listing under either federal or state endangered species statutes are known
from the project site (USFWS, 2005a, 2005b, 2009), nor are any expected given
the highly disturbed nature of the area. No listed species were reported from
the same areas in earlier botanical surveys (Linney & Char, 1989; AECOS, 2006,
2008).

From a floristic perspective there exists no reasons or constraints that would
suggest areas proposed for work on the land related to a subterranean sewer
force main beneath Kane‘ohe Bay would be detrimental to botanical resources.
The proximity of jurisdictional waters to areas under consideration for on land
operations will require consideration of how these operations might impinge on
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Botanical Survey KANEOHE FORCE MAIN, O‘AHU

jurisdictional waters. A permit for placing fill (including structures) could be
needed, and a delineation of the jurisdictional boundary is typically a first step
in moving towards an Army permit application under Section 404 of the Clean
Water Act.
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Introduction

Two subterranean pipelines routes have been proposed as alternatives to
upgrade the existing 42-in (107-cm) sewage force main linking the Kane‘ohe
Waste Water PreTreatment Facility (WWPTF) and Kailua (‘Aikahi) Regional
Waste Water Treatment Plant (RWWTP), both on windward O‘ahu. One
alternative proposes a 36-in (91-cm) force main extending 10,845 ft (3305 m)
northeast from the Kane‘ohe facility to the Kailua plant (both herein referred to
as WWTP) beneath the bottom of Kane‘ohe Bay. A second alternative proposes
a gravity tunnel connecting the two sites beneath Oneawa Hills (Fig. 1). Studies
on marine (water quality and biota) and terrestrial botanical resources have
been completed for the project (AECOS, 2009, 2010a, 2010b, 2010c). AECOS,
Inc has been contracted by Wilson Okamoto Corp., to survey avifaunal resources
and assess possible impacts to birds and any threatened or endangered species
potentially found in proposed work areas. This report details the results of the
additional field surveys and a literature search of related information.

Currently, no in-water construction activities are anticipated for the under
Kane‘ohe Bay force main alternative. However, contingency planning includes
the possibility of an emergency work area being utilized within the bay, should
an emergency arise. The emergency work area, isolated from surrounding
waters by sheet piles, would allow for an access shaft to recover or repair
subterranean drilling equipment used for the project. Similarly, the
underground gravity tunnel alternative would require an access shaft to be
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located near the Board of Water Supply (BWS) water tank on Mokapu (Saddle)
Road, herein referred to as the Kapa‘a Access Shaft (Fig. 1).

FORCE MAIN A
ALTERNATIVE - UNDER BAY £

EXISTING 4234
FORCE MAIN

ERGROUND

- AGCESS
SHAFT SITE *y

/"

Mokapu Saddle Ra-

Kawainui Marsh

Figure 1. Southern Kane‘ohe Bay vicinity, showing existing sewer force main
(vellow) and proposed routes of two project alternatives (red and blue).

Methods

Avifaunal Surveys

Six avian count stations located near project work areas were surveyed for ten
minutes each to identify species present in or transiting through the survey
area. Auditory patterns or calls were not counted as individuals. Rather,
identification and avian species counts were based on visual observations of
physical features and flight patterns. Locations of count stations include: 1)
near the entry gate, Kane‘'ohe WWTP, 2) the east end Kane‘'ohe WWTP, 3) the
center of the western shore of Waikalua Fishpond, 4) the pipe entry work area
along Kane‘ohe Stream, 5) the H-3 roundabout/Kailua work area, and 6) the
proposed Kapa‘a access shaft location off Mokapu (Saddle) Rd. Walking surveys
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for avifauna were also conducted to identify additional species not encountered
during station counts. Walking surveys were conducted around both the
Kane‘ohe and Kailua WWTP’s, Bay View Golf Course, the public path along
southern Nu‘upia ‘Ekahi Pond, the access road leading to the Kapa‘a Access
Shaft, and Kane‘ohe Bay Drive between the H-3 roundabout and Kailua WWTP.
The avian phylogenetic order and nomenclature used in this report follow the
AOU Check-List of North American Birds (American Ornithologists’ Union, 1998)
and the 42nd through the 51st supplements to the Check-List (American
Ornithologists’ Union, 2000; Banks, et al., 2002, 2003, 2004, 2005, 2006, 2007,
2008, 2009, 2010).

Listed Species

A review of published literature and field notes from AECOS, Inc. surveys in and
near the project area was conducted to ascertain what if any federal
Endangered Species Act (ESA) listed or state listed marine or avian species
would be anticipated to be encountered at project work areas (most of the work
for each alternative occurs far underground).

The Endangered Species Act (ESA) of 1973 [16 U.S.C. 1531-1544, 87 Stat. 884]
mandates the protection of listed endangered and threatened species and their
critical habitats. The Act gives jurisdiction over endangered terrestrial flora,
fauna and birds to U.S. Fish and Wildlife Service (FWS) and jurisdiction over sea
turtles and marine mammals to National Oceanic and Atmospheric
Adminstration (NOAA) Fisheries. Under Section 7 of the Act, federal, state, and
local agencies must consult with these organizations when threatened or
endangered species exist in a project area.

Results

Avifaunal Surveys

The findings of the avian survey are consistent with the habitat present at the
surveyed sites and with the general location of coastal windward O‘ahu.
Generally, birds were sighted much more commonly at count stations and
during walking at the Kane‘ohe end as compared to the Kailua end of the
project. A total of 180 individual birds representing 18 different species from
ten separate families were recorded during the six station counts (Table 1). 14
of the species recorded are considered to be introduced species, naturalized in
the Hawaiian Islands. Doves (Family Columbidae), Common Waxbills (Estrilda
astrild), and the ubiquitous Common Myna (Acridotheres tristis) account for
over 68% of individual birds recorded during station counts.
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Table 1. List of bird species sighted during surveys

and their abundances at six count stations.

PHYLUM, CLASS, ORDER,
FAMILY

ABUNDANCE

Count Stations

Genus species Common name Status 1 2 3 4 5 6
CHORDATA, AVES BIRDS
AVES, ANSERIFORMES
ANATIDAE
Anas sp. Linnaeus unid. duck -- I
AVES, CICONITIFORMES
ARDEIDAE
Bubulcus ibis Linnaeus Cattle Egret Nat. 1 - 2 - 3 -
Nycticorax nycticorax Black-crowned Ind - - - - - -
Linnaeus Night Heron;
‘auku‘u
CHARADRIIDAE
Himantopus mexicanus Hawaiian Stilt; ae'o  Ind. - 1 - - - -
knudseni Muller
Pluvialis fulva ]. F. Gmelin Pacific Golden Indd - 3 - - 3 -
Plover; kolea
SCOLOPIDAE
Calidris alba Pallas Sanderling Ind. -- -- 8 2 - -
AVES, COLOMBIFORMES
COLUMBIDAE
Columba livia ]. F. Gmelin Rock Dove Nat. - - 1 2 - -
Geopelia striata Linnaeus Zebra Dove Nat. -- 5 9 4 5 2
Streptopelia chinensis Spotted Dove Nat. 7 5 4 2 - -
Scopoli
AVES, GALLIFORMES
PHASIANIDAE
Gallus gallus Linnaeus Red Junglefowl Dom. -- -- -- 3 - -
AVES, PASSERIFORMES
EMBERIZIDAE
Paroaria coronata J. F. Miller Red-crested Nat. 1 3 - - - -
Cardinal
ESTRILDIDAE
Amandava amandava Red Avadavat Nat. - - - - - 2
Linnaeus
Estrilda astrild Linnaeus Common Waxbill Nat. 26 14 2 2 -- 6
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Table 1 (continued).

PHYLUM, CLASS, ORDER, ABUNDANCE
FAMILY Count Stations
Genus species Common name Status 1 2 3 4 5 6

ESTRILDIDAE (cont.)

Lonchura atricapilla Viellot Chestnut Mannikin Nat. 2 3 - -- - 2
Padda oryzivora Linnaeus Java Sparrow Nat. 2 3 - - - -
FRINGILLIDAE

Carpodacus mexicanus House Finch Nat. - - - 1 - -

Muller

PASSERIDAE

Passer domesticus Linnaeus House Sparrow Nat. - - - - - 1
PYCNONOTIDAE

Pycnonotus cafer Linnaeus Red-vented Bulbul  Nat. 8 - 1 - -
Pycnonotus jocosus Linnaeus Red-whiskered Nat. 1 -- - - - -

Bulbul

STERNIDAE

Acridotheres tristis Linnaeus Common Myna Nat. 4 -- 13 11 -- --
Legend

Status

End. - Native and unique to the Hawaiian Islands;

Ind. - indigenous; native to Hawai'‘i, but not unique to the Hawaiian Islands;

Nat. - naturalized; exotic, introduced to the Hawaiian Islands.

Dom. - domesticated; wild population not established .
Locations:

Sta.1 - entry gate Kane‘ohe WWTP.

Sta. 2 - east end Kane‘ohe WWTP.

Sta. 3 - center of western shore of Waikalua Fishpond.

Sta. 4 - pipe entry work area along Kane‘ohe Stream

Sta. 5 - H-3 roundabout/Kailua work area

Sta. 6 - Kapa‘a access shaft off Mokapu (Saddle) Rd.

Three species observed during station counts are native to Hawai‘i: Sanderling (Calidris
alba) Plover (Charadrius semipalmatus), Hawaiian Stilt or ae‘o (Himantopus mexicanus),
and the Pacific Golden Plover or kolea (Pluvialis fulva). One additional native species,
the Black-crowned Night Heron or ‘auku‘u (Nycticorax nycticorax) was observed during
a walking survey near Nu‘upia ‘Ekahi Pond. Several unidentified ducks were also
observed in the pond as well as flying over the project work area beside Kane‘ohe
Stream.

Although not detected during the course of this survey, it is possible that the
Hawaiian endemic sub-species of the Short-eared Owl (Asio flammeus
sandwichensis) or pue‘o, as it is known locally, forages near the project sites on
occasion. The O‘ahu population of this species is listed as endangered under
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state endangered species statutes (DLNR, 1998), but it is not listed under the
federal endangered species act.

Protected Species
Regional Overview

Table 2 provides a listing of listed species in the project vicinity. The Kailua
(Aikahi) RWWTP is located adjacent to the 482-acre Nu‘upia Ponds Wildlife
Management Area (WMA) on Marine Corps Base Hawaii. The ponds at Nu‘upia
represent a primary breeding area for a population of 20 ae‘o or Hawaiian Stilt
(Himantopus mexicanus knudseni), a species listed as endangered under both
federal and state laws (Drigot, et al, 2001). The ponds provide foraging habitat
for three other federally listed endangered species: Hawaiian Duck (Anas
wyvilliana), Hawaiian Coot (Fulica alai), and Hawaiian Gallinule (Gallinula
chloropus sandvicensis).

The presence of honu or Green sea turtle (Chelonia mydas) in Kane‘ohe Bay is
well documented (Aguirre, 1992; Aguirre, et al, 1994, 1995; Brill, et al. 1995;
Balazs, et al, 2000; Zamzow, 1998). The species was identified near the
proposed project corridor in October of 2009 (AECOS, 2009). Turtle tracks
were also present on deep (>35 ft) soft sediment along the proposed force main
route (personal observation). Green sea turtles are protected by the ESA and
the Hawaiian population is listed as threatened under both federal and state
laws. The endangered Hawksbill turtle (Eretmochelys imbricata) is reported to
occur historically in Kane‘ohe Bay (Balazs, 1978). Sightings of immature or
adult hawksbills are uncommon in coastal waters of the Hawaiian Islands
(Balazs, Katahira, and Ellis, 2000).

The endangered Hawaiian monk seal (Monachus schauinslandi) is reported to
visit Kane‘ohe Bay. In April of 1996, a pregnant monk seal hauled out along the
shoreline west of Pyramid Rock (outside the Bay) to successfully birth and
ween her pup (Drigot, et al, 2001). Monk seal populations are declining at an
average rate of 4% per year with about 1100 individuals present throughout
the Hawaiian Islands (Wilson, 2010). Most of these individuals reside in the
Northwest Hawaiian Islands and the proposed project work areas do not
include any sand shorelines, which are occasionally utilized by monk seals in
the main Hawaiian Islands.
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Table 2. List of protected species occurring in Kane‘ohe Bay and their
anticipated occurrence at proposed project work areas.

PHYLUM, CLASS, ORDER

FAMILY Common Name; ESA Project
Genus Species Hawaiian Name Listing Occurrence
CNIDARIA, ANTHAZOA
SCLERATINIA
ACROPORIDAE
Montipora dilatata irregular rice coral SOC No
BRACHIOPODA
INARTICULATA
LINGULIDA
LINGULIDAE
Lingula reevi inarticulate SOC No
brachiopod
CHORDATA, REPTILIA
TESTUDINES
CHELONIIDAE
Chelonia mydas green sea turtle; T Force main
honu emergency plan
Eretmochelys imbricata ~ hawksbill turtle; E No
‘ea
MAMMILIA CARNIVORA
PHOCIDAE
Monachus Hawaiian monk E No
schauinslandi seal; ‘ilio holo i ka
uaua.
AVES, ANSERIFORMES
ANATIDAE
Anas wyvilliana Hawaiian Duck; E Nearby/overhead
koloa maoli Kane‘ohe/Kailua
WWTPs
AVES, GRUIFORMES
RALLIDAE
Fulica alai Hawaiian Coot; E Nearby/overhead
alae ke‘oke‘o Kane‘ohe/Kailua
WWTPs
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Table 2 (continued).

PHYLUM, CLASS, ORDER

FAMILY Common Name; ESA Project
Genus Species Hawaiian Name  Listing Occurrence
RALLIDAE (continued)
Gallinula chloropus Hawaiian Gallinule E Nearby/overhead
sandvicensis alae ‘ula Kane‘ohe/Kailua
WWTPs
AVES, CICONIIFORMES
CHARADRIIDAE
Himantopus mexicanus  Hawaiian Stilt; aeo E Nearby/overhead
knudseni Kane‘ohe/Kailua
WWTPs
Legend

E - Endangered species; Population listed as endangered, it illegal to "take" (harass, harm,
pursue, hunt, shoot, wound, kill, trap, capture, collect, or attempt to do these things) that
species

T - Threatened species; Population listed as threatened, it illegal to "take" (harass, harm, pursue,
hunt, shoot, wound, kill, trap, capture, collect, or attempt to do these things) that species

SOC - Species of concern. A “Species of Concern” is a species or vertebrate population for
which there is concern or great uncertainty about its status. Species of Concern are not
protected by the ESA.

A species of concern, listed by the National Oceanic and Atmospheric
Administration (NOAA) and known to occur within Kane‘ohe Bay, is irregular
rice coral (Montipora dilatata). This species has a very small known population
within the Bay as only three colonies were identified during extensive surveys
in 2000 (NOAA, 2007). However, current taxonomic status of the species is
unclear and therefore actual distribution poorly known. This species may be
confirmed to have additional populations in the Northwest Hawaiian Islands.

Another species of concern from Kane‘ohe Bay is the inarticulate brachiopod,
Lingula reevi. This species was found to be very abundant in 1967-69 in the
area of the project marine surveys; Worcester (1969) found densities of up to
500 individuals/m?Z at sites on reef flats off the southeast shore of Kane‘ohe Bay.
The population of this species has since plummeted (Hunter, et al., 2008, 2009).
Surveys in 2004 found that the highest L. reevi densities—in the same areas
sampled in 1967-69—had fallen to 4 individuals per m2 In 2007, no
brachiopods occurred in this area, and the species was absent at eight of twelve
sites where they were once common to abundant in the late 1960s. It is highly
probable that these drastic reductions in L. reevi are due to the reduction in
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their food source resulting from cessation of sewage (nutrient) inputs into the
Bay and the transition of Bay waters away from a eutrophic state.

Protected Species in Project Work Areas

The under Kane‘ohe Bay force main alternative will require work areas on land-
located at the Kane‘ohe and Kailua WWTPs, a work area at the H-3 roundabout,
trenching along Kane‘ohe Bay Drive, and (potentially) emergency work areas in
south Kane‘ohe Bay. The underground gravity tunnel will require work area at
both WWTPs and at an access shaft located near the BWS water tank on
Mokapu (Saddle) Rd.

Published reports confirm the presence of four endangered waterbirds near the
proposed work areas at the Kailua WWTP and along Kane‘ohe Bay Drive. Avian
surveys conducted in November 2010 confirm the presence of the endangered
Hawaiian Stilt flying above the Kane‘ohe WWTP and unidentified ducks (that
may be hybrid Hawaiian Duck) near the work areas at both the WWTPs. The
primary threats to all four endangered waterbirds found near the project are:
habitat loss, introduced predators, altered hydrology, proliferation of non-
native invasive plants, avian diseases, and environmental contaminants
(Mitchell et al, 2005). The project, as planned, will not enhance any of these
threats to endangered waterbirds or their adversely impact habitats.

Endangered waterbirds are not likely to frequent the proposed work areas
largely due to the proximity of utilizable habitat nearby (Waikalua Fishpond in
Kane‘ohe; Nu‘upia Ponds in Kailua). Sightings of endangered waterbirds may
occur as individuals or flocks transit through the air above the work areas.
Given the stable and increasing populations of all four endangered waterbirds
near the project (Mitchell et al,, 2005), and the fact that project construction
work will not attract nearby bird life, Best Management Practices (BMP) specific
to endangered waterbirds—other than general avoidance when encountered—
do not seem warranted.

Recent survey work in Kane‘ohe Bay, conducted by AECOS, Inc., indicates that
Green sea turtles (C. mydas) do utilize marine waters above the force main
route. Turtle abundance in south Kane‘ohe Bay is not known, but AECOS, Inc.
surveys in 2009 involving 10 days of survey work for teams of two to four
divers resulted in but a single turtle sighting. The marine surveys did confirm
the presence of seagrass beds along the route. The diet of green turtles in the
Main Hawaiian Islands is dominated by the naturalized rhodophyte alga,
Acanthophora spicifera, and species from the algal genera Hypnea,
Pterocladiella, and Cladophora, although two sea grasses (Halophila hawaiiana
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and Halophila decipiens) are an important component of the diet in turtles from
Kane‘ohe Bay (Arthur and Balazs, 2008; Russell and Balazs, 2009).

Impacts to Protected Species

The project as planned will not affect any marine or protected species.
However, a contingency 20 x 20 ft (6 x 6 m) emergency access shaft in Kane‘ohe
Bay—to be constructed by driving sheet piles and excavating enclosed
sediment—for equipment realignment/repair or removal of an obstruction as
needed, may have impacts. This contingency plan will require the use of a work
barge, landing craft, or pontoon assembly to access the shaft area and a
vibratory or hydraulic driver to place sheet piles. The assembly, use, and
removal of such an emergency shaft would potentially impact Green sea turtles
(C. mydas) foraging or resting near the shaft site. Further, damage to sea turtle
foraging resources could occur if this work site ended up in an area supporting
a sea grass bed. BMPs to ensure protection of the threatened Green sea turtle
should be included as part of the under-Bay emergency work area contingency
plan. These BMPs would also protect hawksbill turtle in the unlikely event that
this species is encountered during construction.

Impacts to threatened Green sea turtle and turtle habitat from the construction,
use and removal of the emergency shaft may include:

e Loss or degradation of foraging, resting, or shelter habitat.

¢ Increase motorized vessel traffic.

e Proliferation of non-native invasive algal species.

e Degradation of habitat or water quality by dredging/excavation
activity.

e Elevated noise levels during driving of sheet piles and other
work.

These impacts to sea turtles will be both temporary and brief. Construction,
access, and removal of an emergency access shaft will likely be completed in a
matter of hours or days. No long-term adverse impacts to sea turtles or their
habitat are anticipated to occur from construction of a temporary access shaft,
although areas identified as “sensitive” on the marine survey report (AECOs,
2010b) could suffer long-tem adverse impacts.

Best Management Practices for Sea Turtles
Research into turtle hearing is limited, but available information suggests that

they are low frequency specialists, with Green sea turtles believed to be most
acoustically sensitive between 200 and 700 Hz (Ridgway et al, 1969), a
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frequency range that overlaps with noise associated with driving sheet piles
(CalTran, 2007). To reduce adverse impacts to turtles the project could limit
noise/acoustic disturbance to ensure that sound emanation from the driving of
sheet piles is below the temporary threshold shift (TTS) of 180 to 190 dB re 1
microPascal/m (rms) for marine mammals (see NOAA, 2005). Sea turtles are
believed to be less sensitive to sound than marine mammals relying more
heavily on visual cues, rather than auditory input (Hazel, et al. 2007; Ridgeway
et al. 1969).

Underwater sound energy travels outward spherically in all directions, and
dissipates through mechanisms such as spreading, scattering, and absorption
(Bradley and Stern 2008). The existing conditions in south Kane‘ohe Bay, like
turbid water to scatter sound and a soft sediment sea floor to absorb sound will
likely aid this process and shorten the distance sound travels before dissipating
below TTS.

Published methods to limit sound travel during projects in marine waters
include physical barriers, such as silt containment devices and bubble curtains
created by releasing air from pipes, tubing or hosing placed on the seafloor
surrounding all or a portion of the work area (CalTrans, 2007). Utilizing “soft-
starts” with pile-driving by starting at very low impact velocities and slowly
building up to full energy may allow sea turtles and other marine life to travel
away from the area before full acoustic levels are reached. Halting pile-driving
when protected species are within the 50 m (164 ft) range, a conservative
estimate, may prevent permanent hearing damage to sea turtles caused by
exposure to acoustic disturbance in the permanent threshold shift (PTS) range.

Sea turtle research indicates that Green sea turtle, like other turtle species,
cannot be expected to consistently notice and avoid vessels that are traveling
faster than 2 knots (Hazel, et al. 2007). Directing vessels operators to limit
speeds to five knots or less when transiting to work areas, keeping at least 50 m
away from sea turtles when vessels are under way, and slowing vessel speed to
below 2 knots when turtles are in the direct vicinity can limit the potential for
vessel impacts to sea turtles.

The presence of gorilla ogo (Gracilaria salicornia) in Kane‘ohe Bay is well
documented (AECOS, 2009, 2010b; Coles, et al, 2002). Any work equipment in
contact with the seafloor or reef surfaces in Kane‘ohe Bay should be inspected
and cleaned of marine life before being removed from or relocated within the
bay to avoid spreading this invasive species.

Following is a list of general Best Management Practices (BMPs) typically issued
by federal regulatory agencies that can be implemented to prevent adverse
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impacts to sea turtles and other marine life in Kane‘ohe Bay during the project
construction phase:

1. Turbidity and siltation from project-related work should be minimized
and contained to within the vicinity of the site through the appropriate
use of effective silt containment devices and the curtailment of work
during adverse tidal and weather conditions.

2. Any construction-related debris that may pose an entanglement hazard
to marine protected species must be removed from the project site if not
actively being used and certainly at the conclusion of construction work.

3. All project-related materials and equipment placed in the water should
be free of pollutants.

4. No project-related materials (fill, revetment, rock, pipe, etc.) should be
stockpiled in the water (intertidal zones, reef flats, stream channels,
etc.).

5. No contamination (trash or debris disposal, alien species introductions,
etc.) of marine (reef flats, lagoons, open ocean, etc.) environments
adjacent to the project site should result from project-related activities.

6. Fueling of project-related vehicles and equipment should take place
away from the water. A contingency plan to control the accidental spills
of petroleum products at the construction site should be developed.
Absorbent pads, containment booms, and skimmers will be stored
on-site to facilitate the cleanup of petroleum spills.

7. Underlayer fills will be protected from erosion with core-loc units (or
stones) as soon after placement as practicable.

8. Attempts must be made to prevent discharge of dredged material into
the marine environment during the transporting and off-loading of
dredged material.

9. Return flow of or run-off from dredged material stored at inland
dewatering or storage sites must be prevented.

10. A visual survey of the project area (by either the contractor or state
personnel) must be performed just prior to commencement or
resumption of construction activity to ensure that no state or ESA
protected species are in the area. If protected species are detected,
construction activities must be postponed until protected species
voluntarily leave the area.

11. If any ESA-listed species enters the area during construction activities,
all activities must cease until they voluntarily depart the area.

12. All on-site project personnel must be apprised of the status of any ESA
listed species potentially present in the project area and the protections
afforded to those species under federal laws.
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13. Any incidental take of marine mammals must be reported immediately
to NOAA 24-hour hotline at 1-888-256-9840. Any injuries to sea turtles
must be reported immediately to NOAA at 1-808-983-5730. Information
must include the name and phone number of a point of contact, location
of the incident, and the nature of the take and/or injury.

Conclusions

The under-Bay force main alternative will require work areas located at the
Kane‘ohe and Kailua WWTPs, a work area at the H-3 roundabout, trenching
along Kane‘ohe Bay Drive, and may require emergency work areas at some
locations in south Kane‘ohe Bay. The underground gravity tunnel alternative
will require work area at both WWTPs and at an access shaft located near the
BWS water tank on Mokapu (Saddle) Rd. The only work location that is
anticipated to have potential for impact to species listed by either state or
federal protective regulations is any contingency (emergency) access shafts in
Kane‘ohe Bay. As needed, the emergency shaft will need to implement special
BMPs to protect sea turtles, water quality, and the marine environment
generally at the access shaft location.

The Kane‘ohe and Kailua WWTPs and the work areas along Kane‘ohe Bay Drive
are close to waterbird habitats, but the proposed work should not result in any
adverse impacts on any of these species or their habitats. No ESA listed species
is anticipated to utilize the work area near the Kapa‘a Access Shaft.
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ABSTRACT

An archaeological assessment, primarily involving review of pertinent previously completed
studies, archival searches for documents, and on-site surface survey, was undertaken by AKi
Sinoto Consulting of Honolulu at the request of Austin Tsutsumi and Associates, Inc. (ATA), also
of Honolulu. This assessment report was prepared in conjunction with an environmental impact
statement (EIS) being prepared by the City and County of Honolulu (CCH) for the proposed
Kane ohe/Kailua Force Main Number 2 (KKFM2) Project. The proposed undertaking, mandated
by a 1995 Federal Environmental Protection Agency consent decree seeks to connect the existing
Kane'ohe Effluent Pump Station in Waikalua to the existing Kailua Regional Waste Water
Treatment Plant in Aikahi by a transmission pipeline traversing under the sea floor of Kane ohe
Bay. The construction will employ either Horizontal Directional Drilling or Micro-tunneling

technologies to install nearly 10,000 linear feet of jacketed pipeline under the bottom of the bay.

Three previous archaeological studies have been completed within the Waikalua or southwestern
end of the project area. These studies all dealt with the proposed expansion of the Bay View Golf
Course and the preservation of Waikalua-loko fishpond (SIHP Site 50-80-10-349). No previous
studies have been completed within the boundaries of the Aikahi or northeastern end of the

project area.

Subsurface testing was precluded during the current undertaking in view of the limited open-
trenching proposed as well as the occurrence of project corridor segments in areas where
subsurface testing prior to construction was unfeasible. Such areas included Federal lands, the
right-of-ways of existing public roadways, and in the existing waste water treatment facilities
comprising both ends of the project area. Additionally, since two separate, but potentially viable
options are included in the upcoming draft EIS document, the decision was made to conduct
subsurface testing only after the selection is made. A combination of preconstruction testing and
archaeological monitoring of construction activities is expected to fulfill the historic preservation

review requirement for this Kane ohe-Kailua Force Main No. 2 project.

A cultural impact assessment (CIA) was prepared under separate cover and shall be included in

the upcoming Draft EIS as an appendix.



INTRODUCTION

At the request of Austin Tsutsumi and Associates, Inc. of Honolulu; Aki Sinoto Consulting of
Honolulu, undertook an archaeological assessment in conjunction with the Kane ohe-Kailua
Force Main No. 2 (KKFM2) Project being proposed by the City and County of Honolulu (CCH).
The proposed project seeks to connect the existing Kane ohe Effluent Pump Station (KEPS) in
Waikalua with the existing Kailua Regional Wastewater Treatment Plant (KRWTP) in Aikahi
with a new force main waste-water transmission line traversing under the bottom of Kane ohe
Bay. A background description of the project area, a summary compilation of resultant
information from a search and review of the results of previous archaeological studies undertaken
in the immediate vicinity of both terrestrial segments of the proposed transmission corridor,
evaluations of specified areas of potential effect based primarily on available information, and the

formulation of recommendations for mitigation procedures are included here.

PROJECT AREA

The project area occupies the coastal portions of Kane'ohe ahupua'a, Ko olaupoko District,

O"ahu Island and consists of the two terrestrial segments of the transmission corridor and the
major under-bay segment (Figs. 1 & 2). The total length of the corridor measures roughly 13,500
linear feet (4114.80 m) with the Waikalua land segment about 1000 linear feet (304.80 m), the
Aikahi land segment about 2500 linear feet (762 m), and the segment beneath the bay about
10,000 linear feet (3048 m). The archaeological concerns focus on the terrestrial segments at

both ends of the corridor.

The Waikalua terrestrial segment occurs within portions of three parcels (Fig. 3); the Kane’ohe
Effluent Pump Station (TMK: (1) 4-5-30:36), City and County property along Kane ohe Stream
(TMK: (1) 4-5-30:47); and the former Bay View, LLC property currently owned by Central
Pacific Bank (TMK: (1) 4-5-30:1). The Aikahi terrestrial segment traverses lands owned by the
Federal Government including the H-3 interchange where the connection with the underbay
segment is slated to occur (TMK: (1) 4-4-08:1); the right-of-way of Kane’ohe Bay Drive, and the
Kailua Regional Wastewater Treatment Plant (TMK:(1) 4-4-11:81) owned by the City and
County of Honolulu (Figs. 4 & 5).

The connecting segment to the KEPS on the Waikalua end is slated as an open trench installation
over roughly 1000 linear feet in length, while approximately 2500 linear feet of the Aikahi end

connection to the KRWTP may be either open trenching or micro-tunneling.
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ENVIRONMENT

A brief description of the general Kane ohe region and Kane ohe Bay followed by a summary of

environmental data for the subject project area will be presented in this section.

Kane ohe
The many attributes of the windward lands surrounding Kane'ohe Bay make O ahu unique in
contrast to the other major islands of the Hawaiian chain. Handy and Handy (1972:436) list eight
characteristics that define this uniqueness:

1. Bay and reef coastline which make cultivation feasible right to the shore where coconuts
thrive;

extensive wet-taro plantations with ample water;

swampy areas where taro and fish were raised;

sloping piedmont and level shore-side areas well adapted to sweet potato farming;

ample streams whose mouths are ideal seaside spawning pools;

fishponds in which systematic fish farming was practiced,;

upstream terraced streamside lo0’i; and

accessible forested slopes and uplands, for woodland supplies and recourse in famine
times.

NN

These researchers continue that, “location and terrain made this type of area and its contiguous
localities one of the early centers of colonialization as is evidenced by lore, and hence a center of
myths and legends... ” (Handy and Handy 1972:437). Kane ohe ahupua'a is described as, “...an
area of little hills with many small streams between them...The broken topography of Kane ohe
arranges the areas of flatland like chains of pockets connecting along its stream channels between
hills” (ibid. 1972:455). The ahupua’a is likened to “a vast green ampitheater below the serrated
sheer cliffs...” and “...the stream beds along the upper courses, there is little evidence of
systematic terracing observable in these areas, as might have been expected. The lowland /o
areas were so extensive that evidently the more laborious terracing of the interior slopes was not
regarded by the early Hawaiians as necessary” (ibid. 1972:456). The narrative continues on to
describe the neighboring Kailua aiupua‘a as the “seat of the high chiefs of Ko olaupoko from
very early times. The beach, the bay, and living conditions were and are very attractive.
Waimanalo and Kane'ohe, both rich farming areas, were neighboring...Undoubtedly further
reasons for the attractiveness of Kailua as a place of residence for an a/i'i nui with his large
entourage were the great natural fishponds, Ka'elepulu and Kawainui, and the complex of
artificial salt-water ponds that are between Kailua and Kane ohe in the Mokapu area: Halekou,
Nu'upia, and Kaluapuhi” (ibid. 1972:457).



Kane ohe Bay
Kane ohe Bay measuring about 8 miles in length and 2.6 miles in width encompasses roughly

11,000 acres at mean sea level and constitutes the largest sheltered body of water in the main
Hawaiian Islands. The nine ahupuaa bordering the bay from east to west are; Kane ohe, He eia,
Kahalu'u, Waihe'e, Ka'alaea, Waiahole, Waikane, Hakipu'u, and Kualoa. Three marine zones
occur in the bay; a fringing reef, lagoon, and a barrier reef. Fringing reefs occur in the inshore
zone along the shoreline, patch reefs occur within the lagoon, and the barrier reef complex
extends across the mouth of the bay. The sand flat, more commonly referred to as the sand bar, is
part of the barrier reef system. Three distinct areas within the bay are designated the north,
central, and south bays. The south bay within which the current project area is located manifests
the most restricted circulation, the most impact from adjacent land uses, and the lowest average
salinity.

Multiple episodes of man-made impacts occurred in the bay commencing with the prehistoric
fishponds constructed by the early Native Hawaiians along its shoreline. Subsequent compounded
direct and indirect activities during the historic and modern periods have adversely impacted its
geography, biology, and turbidity. The majority of the WWII era dredging took place in the
south bay which is also surrounded by the most developed shoreline including residential,
commercial, and industrial areas. The bay has been impacted by the various effects of
urbanization in the period following WWII. Until 1977-78, sewage was being discharged into the
bay. The northern portion of the south bay on Mokapu Peninsula is the Kane ohe Marine Corps
Air Station and some of the bay areas are restricted from public access and use. Moku O Loe, or
Coconut Island, occupies the boundary between the south and central bays (Kan ohe Bay Master
Plan 1992:9-10).

Project Area
The project area can be divided into three segments, the terrestrial segment at the Waikalua end,

the marine segment under Kane ohe Bay, and the terrestrial segment at the Aikahi end (see Figs.
1 & 2). The marine segment is well covered in the marine sub-consultant’s and engineering
reports, thus the subject of this report is the terrestrial segments comprising the Waikalua

(southwest) and Aikahi (northeast) ends of the project corridor.

The Waikalua end is largely comprised of a modified estuarine landform located between Kawa
Stream on the south and Kane'ohe Stream on the north (see Fig. 3). A series of traditional

Hawaiian fishponds represent the earliest man-induced modification of the shoreline.
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Three of these ponds are within the project area boundaries, Waikalua Loko, Waikalua, and
Keana Fishponds. Keana fishpond has been filled in and may have been destroyed. Waikalua
Loko is currently the sole wholly intact pond with only the northeastern portion of Waikalua
Fishpond visible (see fig. 3). Just inland of the pond is low-lying, level land where wetland
cultivation of taro was undertaken by indigenous Hawaiian farmers. These areas were later
modified for the cultivation of rice by immigrant Chinese farmers who also began commercial
fish farming using the existing fishponds. Later the pond-field areas were filled for residential
development and an elementary school (Puuohala) and waste water pumping station were
constructed. The adjoining area north of Kane ohe stream is occupied by residential development
and the area to the south of Kawa Stream is the existing Bay View golf course.

Currently, the Waikalua area contains beach, shoreline, and wetland vegetation regimes
consisting primarily of hau (Hibiscus tiliaceus), milo (Thespesia populnea), red mangrove
(Rhizophora mangle), and false kamani (Terminalia catappa), together with common grasses and
weeds. The presence of the oriental mangrove (Bruguiera gymnorrhiza) also reported to be in the
Kane ohe Bay region has not been confirmed within the project area. A comprehensive botanical
survey was previously completed for this area (Linney and Char 1989).

The soils represented in the Waikalua area (Fig. 7) include; Hanalei silty clay (0-2% slopes), a
poorly drained soil derived from basic igneous rocks developed in alluvium, that occurs in flood
plains, with moderate permeability, slow runoff, and slight erosion hazard, but with a flooding
hazard; Kane ohe silty clay (8-15% slopes), a well-drained soil on alluvial fans on windward
Oahu, developed in alluvium and colluvium and derived from basic igneous rocks, and with
moderately rapid permeability, medium runoff, and moderate erosion hazard; and Papaa clay (6-
20% slopes), a well-drained soil formed in colluvium and residuum derived from basalt, that
occur on uplands in O ahu, with rapid permeability, slow to medium runoff, and slight to
moderate erosion hazard (Foote et al. 1972: 38, 60, & 110).

A marine, estuarine, and stream study (Brewer/Brandman Associates 1989) observed salinity in
Kane ohe and Kawa Streams and also the nearshore waters of the bay near the stream mouths.
This showed Kawa Stream to have a “salinity-stratified environment” (ibid. 1989:8) meaning that
a differing range of salinities influenced by tidal action occurred between the surface (0 — 3.8 ppt)

and bottom (16.25-23.5 ppt) waters of the stream. Similar stratification in salinity was not evident
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for Kane'ohe Stream attributed to a wider, more exposed stream mouth which promoted a high
degree of vertical mixing from prevailing winds (ibid. 1989:9). Significantly, the near shore
waters of the bay; due to influences from tidal fluctuation, surface runoff, and subtidal and
intertidal groundwater discharges; showed a wide variation in salinity from near full strength
seawater to freshwater (ibid. 1989:10). Within Waikalua Loko proper, students from the Marine
Options Program of Windward Community College gathered salinity data in 1975 (30-36 ppt)
and 1995 (30-37 ppt). The areas near the two makaha produced ranges similar to the near shore
waters due to a more rapid circulation pattern in comparison with other portions of the pond
which were designated as “super saline” areas due to the decreased circulation and regular influx
of freshwater (Dashiell 1995:2). In November of 2010, Professor David Krupp and his Marine
Sciences students from Windward Community College took salinity readings in each of four
sampling stations both within the pond and in near shore localities within the bay. The readings
which were conducted in the afternoon close to high tide ranged from 26.9 to 28.2 ppt within the
pond and from 6.5 to 11.8 ppt in the nearshore areas in the bay. These results indicate the salinity
readings to be similar over time and that the water in the pond in all cases showed a much higher

range of salinity than the nearshore waters of the bay.

The Aikahi end of the project area, located on the western half of the Mokapu Peninsula isthmus,
consists of a mangrove thicket at the shoreline, to the east is a previously modified area for the
H3 Freeway interchange fronting the causeway leading to the Kane'ohe Marine Corp Base
Hawaii main gate, further east is the Kane'ohe Bay Drive right-of-way, and beyond that the
project corridor runs along a roadway within the existing Kailua Regional Wastewater Treatment
Plant roughly paralleling the southwest boundary of the plant (see Figs. 4 & 5). The expansive
Nu“upia fishpond occurs to the north of the project corridor (see Fig. 1). Historically, the
Mokapu area was largely pastureland and during the years following WWII, the area south of

Kane“ohe Bay Drive was developed as residential lots and subdivisions.

Currently, the western portion of the Aikahi segment contains beach and shoreline vegetation,
consisting primarily of red mangrove with common grasses, weeds, and scrub. Along the eastern
portion, the vegetation consists primarily of scrub kiawe (Prosopis pallida) and koa haole
(Leucaena glauca) within the Marine base beyond the fenceline, and landscape hedge
plantingsand grass along the southwest boundary of the Kailua Regional Wastewater Treatment
Plant. A low mock orange (Murraya paniculata) hedge fronts the cmu-block wall along

Kane ohe Bay Drive and a stand of ironwood (Casuarina equisetifolia) trees line the area behind
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the wall. A few large monkey-pod trees (Samanea saman) occur within the grounds of the

treatment plant.

The soils represented in the Aikahi area (Fig. 8) include; Kokokahi clay (6-12% slopes), a
moderately well-drained soil on alluvial fans and talus slopes on Oahu, that developed in
colluvium and alluvium derived from basic igneous rock, with slow to moderately-slow
permeability, medium runoff, and slight to moderate erosion hazard; Jaucus sand, saline (0-12%
slopes), an excessively drained, calcareous soil on coastal plains adjacent to the ocean and
developed in wind and water deposited sand from coral and seashells, occurring where the water
table is near the surface (within 30 inches) and the salts have accumulated, normally includes a
layer of silty alluvial material flocculated by the high concentration of soluble salts; and Keaau
clay, saline (0-2 % slopes), a poorly drained soil on coastal plains on Oahu, developed in
alluvium deposited over reef limestone or consolidated coral sand, occurring in depressions
adjacent to the ocean or in limestone pockets where seepage water evaporates, strongly affected
by salts, the surface structure is platy or vesicular, and under natural conditions this soil is either
idle or used for pasture (Foote et al. 1972: 49, 65, & 73).

The climate of the project area, similar to other windward coastal areas of O ahu, consists of 40-
50 inches of annual rainfall with the highest rainfall occurring between November and March
with the lowest in June and July. Frequent showers occur with the most during the early morning
and evening periods. The prevailing wind is from the northeast and ranges between 4 to 24 miles
per hour during trade-wind conditions. The average temperatures range between 65° F to 85° F;
they are lower during December through March and higher during May through October.

HISTORICAL BACKGROUND

The earliest accounts of the lands of Ko olaupoko appear in legends about Hawaiian gods and

demi-gods. Hiiaka, Pele’s younger sister; Hina, who left earth to dwell on the moon; and Kane,
one of the four principal Hawaiian gods are all associated with the district (Pukui 1926). Kane
was the Hawaiian god of creation and ancestor to both chiefs and commoners (Westervelt
1907:82 in Devaney et al.1976:1). The land of Waikane bears his name because he first dug for
water there (Pukui 1926). However, his name does not appear to be associated with the name of
the subject ahupua’a. Kane ohe, the name literally means “bamboo husband.” According to an
oral tradition, a woman when asked about her husband by another compared his cruelty to the
cutting edge of a bamboo knife (Pukui et al. 1974:85; Sterling and Summers 1978:205).
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Figure 8. Soils in the Aikahi End of the Project Area
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Hawaiian gods are not only found in legends, but are incorporated into various aspects of daily
life. Prayers or oli (chants) were offered prior to each new event to smooth the way and ensure
success for a new undertaking and to give thanks for divine aid upon the successful completion of
an event. The kapu of the gods pertinent for each activity, ie. fishing, planting, and gathering,
were applied with appropriate behavior to suit the requirements of the occasion. The essence of
such customs or protocols can be interpreted as ways in which the Hawaiians sensitized

themselves to their environment (Devaney et al. 1976:1-2).

For the early Polynesian arrivals with a horticultural and marine exploitation subsistence base,
windward O“ahu, particularly Ko olaupoko, was an ideal location for the establishment of
permanent settlements. The lagoonal marine environment of Kane ohe Bay probably served to
remind these early settlers of their home islands. Thus, archaeologically, the earliest available
radiocarbon dates have been obtained from habitation sites in Windward O ahu. Kawainui Marsh

in Kailua and Bellows in Waimanalo produced dates ranging between A.D. 200 to 600.

The windward region of Ko olaupoko has long been considered the “bread basket” of O ahu and
highly favored with well-watered agricultural lands and verdant fishing grounds. Many
prehistoric personages are said to have resided there including La amaikahiki who upon voyaging
from Tahiti landed and resided in a place formerly known as Wai-hau-palua, which over time
came to be known as Waikalua (Sterling and Summers 1978:209). During the early historic
times, many of the ruling chiefs favored Kane ohe as their place of residence. Kahahana the ruler
of O ahu sometimes resided there. Kahekili after defeating Kahahana lived in Kailua, Kane ohe,
and He'eia. In 1795, Kamehameha | when apportioning the conquered O ahu lands to his high
ranking supporters, he retained Kane ohe ahupua‘a for himself. Later his sons inherited much of
Kane ohe, Kahalu'u, and Kualoa. During the Mahele, Queen Kalama, the wife of Kamehameha
Il was awarded 9,500 acres of Kane'ohe ahupua’a as well as large land tracts in Kailua,
including LCA 4452 which incorporated the Aikahi area. Over 40 Land Commission Awards
occurred in the vicinity of the Waikalua end of the project area, with the majority described as
agricultural lots, either lo i kalo, mo ‘o aina, narrow strips of land, or kula for dryland agriculture.
The LCA data on Registered Map 1897 has been previously compiled and described (Cordy
1977).

By the late eighteenth and early nineteenth centuries a population range between 14,600 and
18,400 persons for the nine ahupua'a with frontage on Kane'ohe Bay could be estimated

(Devaney et al. 1976:7). Due to pestilence and also the movement of people to the developing
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urban centers in and around Honolulu in leeward O ahu had depopulated the Kane ohe Bay area
so that by 1831-1832 the population had decreased to 3,019 persons. Kane’ohe ahupua‘a had the
most persons at 1,159 which was twice as many as the next highest number in neighboring He eia
(Devaney et al. 1976:8-9). The population continued to decline to its lowest point in 1872 with
2,082 for all of Ko'olaupoko. By 1896, however, it had increased to a total of 2,753 persons
which was the result of imported labor, most likely Chinese who were cultivating rice and
operating the fishponds in Kane ohe Bay (Devaney et al. 1976:11). Following WWII, Kane ohe
became a popular residential area based on its proximity to downtown Honolulu, especially
following the completion of the Pali and Wilson Tunnels. Between 1940 and 1960 the population
of Kane'ohe more than quadrupled from 5,387 to 29,622 and by 1980 had reached 47,335
(Devaney et al. 1976:13 and Kane ohe Bay Master Plan 1992:5).

The Polynesia settlers of the Kane ohe area had extensively cultivated wetland taro, making full
use of the well watered lands. During the early to mid-historic times following abandonment of
many of these areas by the indigenous population, the Chinese immigrant farmers took up rice
and Chinese taro production in the irrigated former taro fields. In the 1860s, the commercial
cultivation of sugar cane commenced with a mill in Kualoa. By 1880, three more sugar
companies had emerged in Kahalu'u, He eia, and Kane'ohe. In 1880, the plantation in Kaneohe
reported 7,000 acres available for cultivation. The commercial cultivation of sugar cane was
short-lived because it was never as successful as in other parts of the island due to the limited
availability of arable level lands. By 1885, the plantations had ceased operations.  The
commercial cultivation of rice did not occur in earnest until the decline of sugar, and in 1880 the
first Chinese rice company started in Waihe'e area. The Kane'ohe Rice Mill was built around
1892-1893 in the Waikalua area (Devaney et al. 1976:49-51). Another commercial crop,
pineapple, was also grown in the Ko olaupoko region starting around 1910 and continuing on
until the mid 1920s. Portions of Ko okaupoko, especially Kane ohe was also used for cattle
grazing and ranching starting in the mid-1840s. Kane'ohe Ranch at one time operated 12,000
acres of ranch land with 2000 head of cattle. Ranching continued into the early 1970s. All of
Mokapu Peninsula, now occupied by the Kane ohe Marine Corp Base Hawaii, was at one time a

grazing area (Devaney et al. 1976:70-74).

The compounded effects of these large scale commercial ventures had deleterious effects upon
the land, the ocean, and the general environment of the Kane ohe Bay region. The commercial
agricultural endeavors altered expansive land areas contributing to the silting in of Kane'ohe Bay

as well as diverting the natural freshwater sources. The ranching activities cleared cover
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vegetation from many areas and denuded the lands thereby adding to the erosion and silting in of
Kane'ohe Bay. The rapid population growth following World War 1l soon exceeded the
capacities of the available infrastructure, most notably the waste water treatment systems which

became the major factor in the pollution of Kane ohe Bay.

SUMMARY OF PREVIOUS ARCHAEOLOGY

A search for previous archaeological reports was conducted at the State Historic Preservation

Division Library in Kapolei and the Pacific Collection of Hamilton Library at the University of
Hawaii at Manoa. More reports were available for the Waikalua end of the project area than for
the Aikahi end.

The two principal terrestrial areas associated with the emergence of the force main from the sea
floor and the land-based connection to the existing sewage facilities occur on both ends of the
proposed under-bay transmission line. The two areas are Waikalua on the western end and
Aikahi located on the western half of the isthmus of Mokapu Peninsula. The principal
archaeological elements within the proposed project area consist of complexes of traditional
Hawaiian fishponds situated along the shoreline of southeastern Kane ohe Bay connecting both of
these areas. One recorded site, Waikalua Loko (SIHP Site 50-80-10-349), a fishpond occurs
within the project area boundaries at the Waikalua end (see Fig. 3). Appendix A of this report
includes excerpts from the Hawaiian Fishpond Study (Murabayashi et al. 1989) regarding
Waikalua Loko. The only other recorded site that occurs near the project area is Nu'upia
fishpond (SIHP Site 50-80- 11-1002) located within the boundaries of the Kane ohe Marine Corp
Base Hawaii.

Four principal references can be identified in the archaeological literature for Kane’ohe. The
earliest is J. Gilbert McAllister’s Archeology of Oahu published by the Bishop Museum in 1933,
consisting of an island-wide inventory of archaeological sites. A compilation of supplemental
data and updates to McAllister’s inventory were subsequently completed by Elspeth P. Sterling
and Catherine C. Summers and published by Bishop Museum in 1978 as Sites of Oahu. In 1976,
under contract to the U.S. Army Corps of Engineers, the Bishop Museum produced Kane ‘ohe.: A
History of Change (1778-1950) by Dennis M. Devaney, Marion Kelly, Polly Jae Lee, and Lee S.
Motteler. In 1989 a comprehensive inventory of extant fishponds on three of the main islands,
the Hawaiian Fishpond Study: Islands of O ahu, Moloka'i, and Hawai'i, was produced under
contract to the State of Hawaii Coastal Zone Management Program by DHM Planners, Inc. and

The Applied Research Group of the Bishop Museum. In addition to the foregoing reports, a

17



number of more recent archaeological studies, accompanied by pertinent historical and land use
investigations have addressed more specified project localities along the coast as well as adjacent

inland areas. The following section summarizes salient elements of these reports.

Kane’ohe Bay And Vicinity

Among the types of sites recorded by McAllister were heiau, shrines, villages, agricultural sites,
burials, and fishponds. Pertinent to the current project, the following provides a review of the
fishpond complexes along the shoreline of Kane’ohe Bay within the ahupua’a of Kane’ohe as
observed by McAllister during the 1920s and 30s. McAllister identified roughly 16 fishponds in
the ahupua’a of Kane’ohe. Three of these ponds; Waikalua-loko and Waikalua, sometimes
referred to as Waikalua-waho (listed together as Site 349); and Keana (Site 350); occur in the
southwestern portion of the current project area (Figure 1). Within the ahupua’a of Kane’ohe,
along the coastline northwest of the project area, McAllister’s sites include Kalokohanahou
fishpond, Site 343 (see Fig. 1), which is reported to have covered 7 acres (McAllister 1933:177).
“According to Bell, this is not the old name, but the one used by Parker when he rebuilt the pond.
The walls are but a few feet wide, loosely built of lava stones through which the water seeps. A
small island occupies a portion of the wall. There were two watch-houses and no outlet gates
(McAllister 1933:177). In Sterling and Summers (1978:208), the old name of this pond is given
as Kohanahou. Devaney et al (1976:146) report that Kalokohanahou pond was filled for housing

in 1947 and became Kahanahou Circle.

Near the mouth of Kea'ahala Stream, was Kanohuluiwi fishpond, Site 344, (see Fig.1) covering
an area of 2.5 acres. “The name was given me by John Bell. The pond is small, with narrow
lava-rock walls, and covers and area of 2.5 acres. It is apparently still in use. On one of the old
maps in the land office there are two adjacent ponds of about the same size.” (McAllister
1933:178). Kanohuluiwi pond in 1982 is described as being well-preserved with a narrow lava-
rock wall, and covering an area of 2.7 acres (Devaney et al 1982:145). The Hawaiian Fishpond
Study (Riford and Murabayashi, et al. 1989: 1VV-27) gave this pond an excellent rating, but also

described portions of the original pond as being filled in.

About 500 meters east of Kanohuluiwi pond was Punaluu pond, Site 345 (see Fig. 1), with an
enclosing wall about 1600 feet in length and covering an area of 12.5 acres (McAllister
1933:178). Sterling and Summers (1978:208) note that this pond had been filled. Devaney et al
(1976:147) state that Punaluu pond was filled for housing between 1946 and 1948 and became

Mabhalani Circle.
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Within the current project area, between the effluence of Kane’ohe and Kawa Streams and
adjacent to the Kane’ohe sewage disposal facility, McAllister recorded three fishponds.
Waikalua loko fishpond, Site 349 (see Fig. 1), is located immediately northeast of the facility.
The pond wall was 1420 feet long, built of water worn basalt 3 to 4 feet in height and was
somewhat wider than 4 feet. The pond covered an area of 11 acres (McAllister 1933:178).
Waikalua loko fishpond was rebuilt in the early 1930°s (Devaney et al 1976:147). On the Kailua
side, immediately adjacent to Waikalua loko fishpond, were two smaller ponds, Waikalua and
Keana fishponds Site 350 (see Fig. 1). “The pond in use is said to be Keana with an area of 3.5
acres. According to Bell, the name of the other is Kalokohanahou. (see Site 343.) Its wall is
broken. Both were built of waterworn basalt. The dirt-filled wall of Keana is wide enough for
trees to grow on it” (McAllister 1933:178-179). According to Devaney et al (1976:147) these
two ponds are named Keana and Waikaluawaho and were formerly one pond. In 1982 a remnant
of Waikaluawaho remained at the estuary of Kawa Stream, and Keana pond was artificially filled
in the 1950’s (Devaney et al 1976:147). McAllister described three additional sites previously
located in Waikalua within proximity to the present project area which were no longer in
evidence in 1930. These sites include Site 346; a deep ditch dividing the lands of Punaluu and
Waikalua; Site 347, Kalaoa heiau; and Site 348 the former location of the houses of Laamaikahiki
(McAllister 1933:178). McAllister additionally describes a spring in proximity to Keana
Fishpond, Site 353, “A spring on the land known as Keana (now Kokokahi), called Kinikailua-
Manokaneohe, as it is said that the people from both Kailua and Kaneohe died in great numbers
from drinking its waters” (McAllister 1933:179). Mary Kawena Pukui wrote; “Kini Kailua,
mano Kane'ohe. Forty thousand in Kailua, four thousand in Kane'ohe. A great number. Said by
a woman named Kawaiho olana whose grandson was ruthlessly murdered by someone from
either Kailua or Kane'ohe. She declared that this many would perish by sorcery to avenge him.
Another version credits Keohokauouli, a kahuna in the time of Kamehameha, for this saying. He
suggested sorcery as a means of destroying the conqueror’s O ahu enemies” (1983:193 Proverb
1801).

Along the shoreline of Kane’ohe Bay, to the northeast of Waikalua-loko and Keana fishponds and
between where the proposed force main pipeline reaches land, McAllister identified six
fishponds. Site 351 consists of three adjacent ponds located along the shoreline of the lands of
Mikiola and Mahinui in Kane’ohe (see Fig. 1). “The two end ponds were probably built first, the
middle pond being added later so as to take advantage of the walls of the other two. The pond on

the east is known as Mahinui and that on the west as Mikiola. The name of the middle pond is
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Kaluoa, according to John Bell, but appears as Kapuu on a map in the Bishop Estate office. The
wall of Mikiola is broken” (McAllister 1933:179). According to Sterling and Summers
(1978:210), Mikiola had been filled and Mahinui had been partially filled. Devaney et al
(1976:147) report that Mikiola, Kaluoa, and Mahinui ponds were all filled between 1946 and
1948 where Mikiola Drive is today.

Keaalau pond, Site 361, covered an area of three acres adjacent to the lands of Keaalau (see Fig.
1). Keaalua pond was filled for housing between 1946 and 1948 where Nohokai Place was
constructed (Devaney et al 1976:147). Hanalua fishpond, Site 362, “... takes its name from
adjacent land. It is a small pond a few acres in size and marks off an inlet” (McAllister
1933:182). Hanalua pond was artificially filled between ca 1946 and 1948 and is part of the
Kane’ohe Yacht Club (Devaney et al 1976:147). Papaa fishpond, Site 363, is a small pond
named for the lands to which it is adjacent (McAllister 1933:182). Devaney et al (1976:147)
report that the wall of Papaa pond was cut in the 1940’s and that vegetation covers the remnant of

the pond (see Fig.1).

Occupying the isthmus of Mokapu Peninsula, adjacent to the eastern corridor of the project area,
McAllister identified Site 364, a complex of three large adjoining fishponds (see Fig. 1). These
three ponds separate the isthmus portion of Mokapu Peninsula from the Kane’ohe Marine Corps
Air Station which occupies all of the northern part of the peninsula. McAllister describes the
ponds as; “Halekou, Kaluapuhi, and Nu’upia, three adjoining fishponds on Mokapu Peninsula.
Kaluapuhi on the east covers 24 acres and is connected with Kailua Bay by one outlet (makaha),
by means of which it can be flooded at high tide. It is separated from Nu’upia by a wall.
Halekou of 92 acres and Nu’upia of 215 acres, are on the west, separated from Kaneohe Bay by a
long wall” (McAllister 1933:184). Sterling and Summers (1978:213-214) designate Kaluapuhi
pond as Site 364-A, Nu’upia Pond as Site 364-B, and Halekou Pond as Site 364-C.  Although
considerably decreased in size than as described by McAllister, these ponds are among those still
extant in Kane’ohe Bay in 1976 and described as: “Nu’upia, modified in the 1940’s and recently,
now 180 acres; Kaluapuhi, originally included Nu’upia with 297 acres, now 14 acres; and

Halekou, extensively filled in the 1940’s, now 36 acres in parts” (Devaney et al 1976:147).

Mokapu Peninsula

Native Hawaiian interments located in the sand dunes along the northern and eastern shoreline of
Mokapu Peninsula have been the focus of a number of archaeological investigations. These burial

complexes occurred in portions of both Kane’ohe and Heeia ahupua’a. A comprehensive
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analysis of human skeletal remains and related artifacts, along with the history and context of the
archaeological excavations which recovered these remains are provided in an Inventory of Human
Skeletal Remains from Mokapu Peninsula, Ko’olaupoko District, Kane'ohe and He ' eia
Ahupua’a, Oahu Island, Hawaii prepared in 1994, by Sara Collins, Toni Han, and Lisa
Armstrong of the Anthropology Department of the Bishop Museum. The inventory spans the
period between 1915 and 1993 at which time a total of 1,125 burials had been documented
(Collins et al 1994: iv,v). Prior to formal archaeological investigations, between 1915 and 1933
a number of human remains from the Mokapu sand dunes were collected and accessioned by staff
or associates of the Bishop Museum. The first formal excavations were carried out in the He’eia
Dunes by Kenneth Emory, Bishop Museum ethnologist, in 1938 (Emory and Sinoto 1961).
Following an inadvertent discovery, the contents of 121 burials were recovered and accessioned
(Collins et al 1994:14, 17). The 1994 inventory found 119 individuals represented in the remains
from this accession (Collins et al 1994:18). No maps exist which locate the burials found during
this exploratory excavation. The findings of this first exploratory excavation led to the planning

of a subsequent, large-scale, systematic excavation.

Between 1938 and 1940 three extensive site areas were excavated by Kenneth Emory of the
Bishop Museum, and Gordon Bowles, assistant professor of anthropology at the University of
Hawaii (see Fig. 1). Bowles designated site areas 1, 2, and 3; area 1 was located in the western
He’eia dune and site areas 2 and 3 were located in the central and western, Heleloa dune areas of
the peninsula (Figure 4 from Collins: 21). Site 1 or H Site yielded a total of 440 burials. Collins
et al (1994:19) found a minimum 662 individuals represented in the Site H collection. Site 2 or C
Site was excavated on the central ridge of Heleloa. Boweles reported 69 burials from the C site
excavations and Collins found a minimum number of 76 individuals represented in the C Site
burials (Collins et al 1994:27). Site 3 or N Site was located on the eastern ridge of Heleloa dune.
Collins’ inventory (1994:27) reports a minimum number of 108 individuals represented from the
excavations of 74 burials at Site 3 or N Site. In 1957, Robert Bowen, a graduate student in
anthropology at the University of Hawaii, conducted salvage excavations at Site 2 or C Site on
the central Heleloa ridge and Site 3 or N Site on the eastern ridge of Heleloa dune. Bowen (1974)
reported at least 87 burials from Site C and at least 21 burials from Site N. Collins found a
minimum of 163 individuals represented the C Site burials and a minimum of 23 individuals from
the N Site burials (Collins et al. 1994:33). Between 1950 and 1969 a number of inadvertent
discoveries were accessioned by the Bishop Museum. In 1975, archaeological salvage

excavations were undertaken by the staff of the Bishop Museum for the Kailua Effluent Force
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Main project which included a corridor 7,802 feet long on the eastern shoreline of Mokapu
Peninsula. The KEFM site (Bishop Museum Site number 50-Oa-G5-67) included 94 burials.
Both pre-contact and historic period burials were reported in three distinct clusters (Davis et al.
1976). A minimum of 108 individuals were represented in the Collins inventory of the KEFM
remains (Collins et al 1994:39). Between 1970 and 1993 a number of inadvertent burials were
accessioned by the Bishop Museum (Collins et al. 1994:42, 43).

Attempts to date the interments from Mokapu peninsula, through radio-carbon analysis of
associated organic materials or through the analysis of associated funerary artifacts, appear to be
severely limited. A single radiocarbon date was obtained from carbon material associated with a
child’s skeleton (H132) which was excavated in 1939. This material provided a date of 75 +/- 75
years (Sterling and Summers 1978:217). When this sample was tested remains unclear. Volcanic
glass flakes from both burial and occupational contexts from the KEFM site were dated, ranging
from A.D. 1270+/-34 to A.D. 1694+/- 68 years (Collins et al. 1994:39). These dates have been
cited in numerous subsequent reports (Athens 1985; Barrera 1982; Cordy 1984; Charvet-Pond
and Rosendahl 1992), and appear to be the only absolute dates derived from the Mokapu

Peninsula burials

A comprehensive inventory of funerary objects associated with the Mokapu burials, consisting of
both traditional and historic period artifacts, is provided in Collins (1994.76-104). Assemblages
containing buttons and ivory, bone, and glass beads were recovered from the KEFM project
(Collins et al. 1994:85-96) Similar artifacts are represented in assemblages associated with the
Keeaumoku Wal-Mart burial complex and are believed to represent the period between ca 1850
and ca 1880 (Titchenal 2003). The human remains from Mokapu Peninsula housed at the Bishop
Museum have provided a data base of Hawaiian osteology for a number of research publications
including Cleghorn 1987; Douglas 1987 and 1991; Han et al. 1986; Howells 1973a, 1973b, 1989;
Keene 1974, 1986; Kirch 1985; Pietrusewsky 1970, 1985, 1989; Schendel 1980; Saki 1974, 1975;
Suzuki 1987a, 1987b, 1993; Turner 1989a, 1989b; Wright 1992.

Inland Watersheds Of Kane’ohe Ahupua’a

A number of comprehensive archaeological investigations were undertaken in the inland areas of
Kane’ohe ahupua’a between the mid-1970’s and the mid-1980°’s. Among these were
reconnaissance level survey and salvage excavations undertaken in the Kamo’oali’i and Kane’ohe
Stream drainage area by Bishop Museum (McCoy et al. 1976 & Rosendahl 1976) in association

with the Kailua-Kane’ohe Flood Control Project. Within the current project area, this survey
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included the immediate banks of Kane’ohe Stream. Below the confluence of Kuou and
Kamo’oali Streams, the immediate banks of Kane’ohe Stream had all undergone development

and no evidence of previously unrecorded sites were found (Rosendahl 1976).

Research undertaken by the Bishop Museum in the early 1970’s, in association with the Kane’ohe
Bay Urban Water Resource Study conducted by the U.S. Army Corps of Engineers, resulted in
the publication of Kane’ohe: a History of Change (1778-1950) (Devaney et al. 1976). This
document provides a comprehensive history of the ahupua’a of Kane’ohe and includes sections
on agriculture, water and forest resources, and biology and marine resources. Of particular
interest is a section describing Walled Fishponds of Kane 'ohe Bay (Devaney et al 1976:139-159)
which provides some historical background along with early photographs (1887) of the ponds

within the current project area including Waikalua-loko (Devaney et al 1976: 145-148).

Also, in support of the Kane’ohe Bay Urban Water Resources Study, the Environmental Branch
of the U.S. Army Corps of Engineers (Cordy 1977) provided a report delineating the problems,
and suggesting solutions, related to long term cultural resources planning in Kane’ohe Bay.
Among the elements of this report, pertinent to the current project area, is a model predicting the
distribution of cultural resources by habitat and ahupua’a. Within the project area Cordy
suggests the potential for traditional housing, burials, and heiau along the alluvial shoreline;
irrigated agriculture along the stream flats; and the possibility of dry agriculture, housing, burials,
and heiau along the slopes adjacent to stream flats (Cordy 1977:6-7).  Cordy additionally
suggests that lands in and adjoining the current project area are among those areas that have
already been destroyed or greatly altered (1977:8). The report also provides a detailed map of
mahele-era land commission awards in the area of the mouths of Kawa and Kane’ohe Streams
and adjacent to Waikalua-loko (Cordy 1977: 50).

In 1984, archaeological and historical investigations were undertaken by the Department of
Anthropology of the Bishop Museum for the proposed Interstate Highway H-3 interchange
resulting in the report Five Upland ‘Ili: Archaeological and Historical Investigations in the
Kane’ohe Interchange, Interstate Highway H-3, Island of O ahu (Allen et al. 1987). Prior to this
undertaking, a number of archaeological investigations focused on the upland drainages of
Kane’ohe ahupua’a, in the vicinity of what is now the Luluku Interchange of the H-3 Highway.
In 1972, reconnaissance survey and inventory resulted in the recording of historic period

habitation and agricultural sites, rock alignments, ditches, and terrace complexes (McCoy and
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Sinoto 1976, Rosendahl ed). In 1976, a six day reconnaissance for the proposed H-3 alignment
recorded four sites (Cleghorn and Rogers-Jordane 1976). Several of these sites were re-examined
the following year (Dye 1977). A survey conducted for an alternative H-3 alignment by the
Bishop Museum resulted in the recording of 12 additional sites (Streck 1982). . Allen et al
(1987:174-179) describe 16 radio-carbon dates obtained from various contexts from the five
upland ‘i/i. A number of these dates however are questionable. A problem encountered by two
researchers including Klein et al. (1982) and Schilt (1984) is that two laboratories frequently
assign differing dates to the same sample. “A prime case in point is unfortunately provided by the
important, earliest pondfield samples at Site G5-85: the tree samples from Feature 35, Trench 3
Layer VIII. While the two dates processed by Beta Analytic overlap, suggesting a range between
A.D. 440 and A.D. 620, the same sample processed by Teledyne has been assigned an A.D. 1405-
present range (Klein et al. 1982). The same sample that yielded the Teledyne and Beta Analytics
(b16266) dates had been carefully divided between the two laboratories to avoid biasing either
sample” (Allen et al. 1987:174). A single hydration date was obtained from a non-diagnostic
fragment of volcanic glass from Site G5-85. This sample yielded a date of A.D. 1285 +/- 150
years (Allen et al. 1987:179). Based on these dates, Allen et al. (1987:179) provide the following

conclusions:

1. At Site G5-85, dryland agriculture began in the Feature 1 to 10 terrace set by
the 13" century, followed almost immediately by pondfield agriculture in both
Features 4 and 9; pondfield cultivation probably continued into the 18" or early
19" century. In the dowslope terraces (Features 30 to 38), pondfield agriculture
spanned the 5" through 16" or 17" centuries at a minimum.

2. Only one date, from Layer I, is available for Site G5-86. Dryland cultivation
probably took place in the 11™ century, slightly before dryland agriculture is
indicated at Site G5-85, downslope, but contemporaneously with pondfield
agriculture in the lower terraces (Site G5-85 Features 30 to 38).

3. The Feature 9 platform was probably in use between the 13" and 17"
centuries at a minimum. No volcanic or C-14 dating was possible at the Feature
37 platform.

Layers | and 11 at the localities tested unfortunately produced inadequate material

for dating; the terminal dates for field use thus remain undocumented. A 19"-

century date is probably accurate in most cases.
An additional study in the upper drainages of Kane’ohe Stream provided a sediment coring record
from Kapunahala Marsh (Athens and Ward 1996). The marsh is drained by Kapunahala Stream
which eventually empties into Kane’ohe Stream. A single sediment core was recovered in June

1994 within the approximate alignment of a proposed road within Kapunahala Marsh. Six
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radiocarbon samples were processed from intervals of the core. The entire sequence covers
roughly the last 4,600 to 4,800 years (Athens and Ward 1996:8).

The pollen and charcoal particle records indicate prehistoric land use within the
Kapunahala watershed by about A.D. 1400 to 1500 (450 to 550 years B.P.). At
the next earlier sampling interval, dating to about A.D. 950 (1000 years B.P.)
there is no clear evidence for sustained Polynesian settlement or agriculture.
Although the stratigraphic unconformity here prevents a determination of exactly
when this might have occurred at the Kapunahala location, results from the
nearby Maunawili core indicate a date of A.D. 1200 for the onset of interior
burning and forest decline, which is also reasonable in regard to other
archaeological evidence (Athens and Ward 1996:30).

Investigations In The Vicinity Of The Project Area

A number of archaeological investigations were undertaken in the vicinities of both the Waikalua
and Aikahi ends of the current project corridor. This section summarizes pertinent projects at

each end of the project area. The locations of these studies are depicted on Figure 9.

Waikalua

In 1986, Bishop Museum conducted archaeological surface survey followed by salvage
excavations at Site 50-Oa-G5-101 in the proposed Nani Pua Gardens Il subdivision (Kurashina et
al. 1986 & Clark and Riford 1986). The 1.7 acre project area is located adjacent to the
northwestern corner of the Bay View Golf Course portion of the current project area. The project
area is bordered on the north and east by Kane’ohe Stream and is situated on a stream terrace
about 2 m higher in elevation than the flood plain along Kane’ohe Stream. The discovery and
preliminary investigation of Site 50-Oa-G5-101 was carried out by Kurashina et al. (1986).
These preliminary investigations included a systematic surface collection which yielded 187 lithic
specimens and two porcelain fragments. Five test excavations were also carried out. Charcoal
collected from a pit feature in test excavation T5-5 provided a radiocarbon date of AD 1070-1390
and a piece of volcanic glass produced an estimated date range of AD 1494-1634 (Kurashina et al
1986). During this survey several other sites were recorded in areas immediately north and east
of Site 50-Oa-G5-101. These included two lithic scatters (Site 50-Oa-G5-100); a former rice
field and taro field with a stone retaining wall (Site 50-Oa-G5-103); a historic house foundation
(Site 50-Oa-G5-104); two modern stone platforms, an Italian prisoner of war camp, and the
Kane’ohe rice mill (Kurashina et al. 1986). Following these preliminary investigations additional
salvage excavations were undertaken by Bishop Museum staff in which backhoe trenches and
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controlled excavations yielded over 12,000 portable artifacts, and evidence of large pole houses
with in situ burials below habitation floors (Clark and Riford 1986).

A total of 13 backhoe trenches were excavated in the project area and based on the cultural
deposits and features revealed in the trench profiles, controlled excavations were carried out,
adjacent to trenches in three sample areas. The discovery of burial features 9a and 9b in the
Trench 1 profile led to the excavation of five addition burial search test pits (Clark and Riford
1986:8-11).

Trench and test excavations revealed an intact cultural layer (Layer Il) 4 to 30 cm in thickness
extending across most of the project parcel. Three stratigraphic units were present in the test
excavations. Layer |, averaging about 50 cm in thickness, consisted of bulldozed clay loams and
silty clay containing some cultural materials. Layer Il consisted of dark brown, clay loam
constituting a buried A horizon containing cultural materials and features. The upper
proveniences of Layer Il had in most cases been disturbed by bulldozing. Layer Il averaged
about 20 cm in thickness and contained a wide range of cultural materials and numerous features
extending into the underlying Layer 11 soils. Layer Il was composed of sterile, dark reddish
brown silty clay (Clark and Riford 1986:14-22).

A total of 28 archaeological features were recorded in the backhoe trench profiles including 18
postholes, 5 pit features, a burned soil area, and a human burial, Feature 9a which was later
excavated as part of sample area 9. Aurtifacts recovered from the backhoe trench backdirt piles
included 1,245 diagnostic basalt flakes, 16 basalt flakes with polished facets, 16 adz performs and
16 possible performs, 30 modified flakes, 6 awls, 1 chisel, 1 grindstone fragment, 1 anvil, 2
hammerstones, 6 diagnostic volcanic glass flakes, a square nail and a ceramic mug handle (Clark
and Riford 1986:29).

Ten additional features were recorded in the three sample area excavations. These included five
postholes, a charcoal lens, two hearths, and two human burials. Artifacts recovered from the
sample excavations included 64 diagnostic basalt flakes, 3 adz performs, 1 awl, and 1 modified
flake (Clark and Riford 1986:45). Eight bone artifacts were also recovered from the trench and
sample excavations including fragments of three bird bone tattoo needles and a tattoo needle
brace, a fragment of a mammal bone pick, a possible fish tooth ornament, and two unidentified

mammal bone artifact fragments (Clark and Riford 1986:83).
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A total of three radiocarbon assays were submitted from Site 50-Oa-G5-101 including one from
Kurashina’s preliminary investigation. The Kurashina et al (1986) sample (HRC #755) provided a
date of A.D. 1070-1390. Clark and Riford submitted two charcoal samples. One (HRC # 823)
returned a date of A.D. 1200-1405 and the other sample (HRC # 824) provided three possible
dates; A.D. 1510-1950, A.D. 1510-1680, A.D. 1705-1810. Additionally the single volcanic glass
age determination from preliminary investigations (Kurashina et al 1986) returned a date range of
A.D. 1494-1634. Based on this data, Clark and Riford (1986:99) conclude that the duration of
occupation for Site 50-Oa-G5-101 is estimated to be at least five centuries, from A.D. 1070 to
1634.

Aikahi

Several archaeological investigations have been undertaken in the vicinity of the eastern segment
of the current project area corridor which extends eastward from the H-3 interchange to the
existing Aikahi sewage disposal facility Archeological coring and testing were carried out in
1985 (Hammatt et al.) for a proposed predator control moat along the northern perimeter of
Nu’upia pond. Eleven pipe core column samples were extracted and five test trenches were
excavated. Additionally, several midden/lithic scatters were identified in the project area but
were apparently not assigned site numbers. From the core samples, two organic strata were
submitted for radio carbon dating but provide somewhat ambiguous data. One sample had
insufficient datable content, the other yielded two dates: 4550+/- 50 B.P. 1010+/- 95 B.P. “The
3,000 radiocarbon year discrepancy between the two dates is resolved by rejecting the early date
on the inorganic fraction” (Hammatt et al. 1985:41). The stratigraphic units in the sample cores
showed gleyed calcareous fishpond sediments overlying marine sand. Hammatt et al (1985: i)
concluded the pre-fishpond environment was a channel open to the ocean and separating Mokapu
from the mainland. The man-made embayment of the water by fishpond construction caused
greater variability in salinity. A “death bed assemblage” of clams found in test trenches is

believed to be associated with this event.

In 1992, PHRI undertook archaeological monitoring of sewer line trench excavations in several
areas on Mokapu Peninsula. Task Area 1 was a trench approximately 500 m in length,
connecting four manholes along the southwest periphery of Nu’upia Pond (Charvet-Pond and
Rosendahl 1992:22-23). This trench generally parallels the present project corridor east of the H-
3 interchange and north of Kane’ohe Bay Drive. No cultural materials or features were observed.
Soil deposits exposed in trench excavation included modern landfill, gleyed sandy clays, and

basal sandy muck, and coralline substrata (Charvet-Pond and Rosendahl 1992:22).
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In 1993, archaeological monitoring, reconnaissance, and test excavations were conducted by
BioSystems Analysis, Inc. (Jackson et al. 1993) in the same general vicinity in a 120 acre tract
lying between Nu’upia Pond and the Kailua Sewage Disposal Facility. The reconnaissance
survey resulted in the discovery of six previously unknown sites (State of Hawaii Sites 50-80-11-
4638 through 4643).  Site 4638 is an irregularly shaped pavement of limestone cobbles
measuring 3.75 m N/S by 2.5 m E/W with no observed associated artifacts. Site 4639 is a
roughly rectangular pavement or foundation of small limestone and basalt cobbles, 6.5 m N/S by
6.0 m E/W, with no associated artifacts or midden. Site 4640 consisted of a medium density
basalt debitage and tool scatter with historic material. Artifacts included unmodified basalt
debitage, utilized basalt flakes, a basalt adze blank, and a basalt adze perform. Historic materials
included and aqua glass bottle, clear glass fragments, a piece of lead shielding, lumber and
corrugated tin. Two excavation units were placed at this site. Site 4641 is described as a
limestone boulder alignment measuring 5.5m E/W by 2.0 m N/S situated 2m north of a berm
oriented in the same direction. No associated artifacts or midden were observed. (Jackson et al.
1993:18-21).

Site 4642 is described as a low density basalt debitage and tool scatter with associated historic
material. The site measures approximately 15.8 m E/W by 7.9 m N/S. Ten artifacts were
collected within the site boundaries including six unmodified pieces of basalt debitage, one basalt
core, one basalt notched flake, one basalt utilized flake, one net sinker blank. Surface finds in the
vicinity of the site area included two pieces of basalt debitage, an ‘ulu maika perform, and an
adze blank. Historic remains included a low concrete enclosure, a metal pipe, fence post and
barbed wire, a metal framed structure, and a scattering of modern ceramic and glass (Jackson et
al. 1993: 21). Site 4643 is a limestone alignment measuring 11 m N/S by 2.5 m E/W. No

artifacts or midden were observed (Jackson et al. 1993:21).

Three marine shell samples, obtained from test trenches in the lowest stratigraphic layer were
submitted for radiocarbon dating to reassess the date of the molluscan “death assemblage” in the
ponds reported by Hammatt et al. (1985). The calibrated dates are: 1430 to 880 BC; 940 to 360
BC; and AD 250 to 750. “The radiocarbon dates suggest that the demise of shellfish in the
current pond setting may have occurred as more than one event. These data can be interpreted to

indicate period demise of shellfish over a span of some 2150 years” (Jackson et al. 1993:79).

An archaeological assessment was performed by Cultural Surveys Hawaii in 1999 within a

residential tract in the Mala’e area along the west coast of the isthmus connecting Mokapu
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Peninsula with Kane’ohe for a proposed sewer line. No cultural materials or features were
observed (Zulick and Hammatt 1999).

The entire project area is presently comprised of as many as 69 residential house
lots, nearly all of which are occupied by existing housing, accompanied by
attendant sub-surface infrastructure. Extensive grading and filling of house lots
and access streets occurred during the construction of the sub-division,
considerably altering the surface topography... The original coastline has been
altered with the creation of private inlets for moorings, and the addition of a
dredged channel running adjacent to the shoreline to provide small boat access to
shoreline house lots. Additionally, portions of the shoreline within the project
area are bordered by sea walls to control erosion, as well as to provide mooring
for small boats. These alterations leave unclear the extent of the modification,
either seaward or inland, to the original coastline (Zulick and Hammatt 1999:13).

An archaeological monitoring procedure for a sewerline reconstruction project was undertaken on
Kalaheo Avenue between Kualamo'o Street and Kailua Road in Kailua ahupua’a beyond the
current project area to the east. The monitoring report for the Kalaheo Avenue reconstructed
sewer-line project was completed in 2008. A potential cultural layer was located and historic
glass bottles were occasionally encountered. No burials were inadvertently discovered. AMS
dating of deposit at 0.50-0.60 m below surface produced a date of A.D. 1650-1890. Monitoring

was recommended for any future construction project in area (Wong et al. 2008).

Investigations Within The Current Project Area

With the exception of the Bishop Museum survey (Rosendahl 1976) which found no sites along
Kane’ohe Stream within the project area, only one archaeological investigation has previously
been undertaken in a 90 acre parcel incorporating the western, Waikalua end of the current
project area (see Fig. 9). No investigations have been undertaken that incorporates the corridor

adjacent to Kane’ohe Bay Drive at the eastern, Aikahi end of the project area.

Waikalua

In 1989, archaeological survey and assessment were undertaken within portions of a 90 acre
parcel for the proposed expansion of the Bay View Golf Course (Hammatt and Borthwick 1989).
This survey included all of the current western project area as well as peripheral areas outside of
the current project boundaries. Survey coverage was focused on the unmodified pasture portion
of the floodplain and adjacent wooded slopes predominately at the south end of the project area
bordering Kane’ohe Bay Drive, and a small portion of floodplain and wooded slope north of
Kane’ohe Stream. The survey included an examination of Waikalua-loko, Waikalua and Keana

fishponds. The ponds were assessed for their state of preservation and the potential for associated
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features and sediment data. Subsurface testing of the 90 acre parcel consisted of a series of 8
backhoe trenches situated along a 600 foot north/south transect oriented perpendicular to Kawa

Stream immediately west of the Kane’ohe Sewage Treatment Plant.

The only archaeological sites located during the survey were Waikalua-loko and Waikalua
fishponds (Fig. 10). No sites or cultural materials were found on the floodplain which had been
heavily modified by construction of the golf course, the sewage treatment plant, and the
widespread dumping of soil over formerly irrigated fields No sites were located along the slope
areas adjacent to the floodplain, much of which had been modified by recent residential
development (Ibid. 1989:28).

Subsurface testing consisted of 8 trenches averaging 7.5m in length and 240 cm (water table) in
depth positioned at 50 to 100 foot intervals along a 600 foot transect. No buried cultural
materials or features were found in any of the trenches (Ibid. 1989:35). Soil profiles, similar in
all trenches; exhibit three strata as follows: Stratum I, averaging 0-80 cmbs, consisted of modern
mechanical fill described as dark grayish brown silt loam to sandy clay containing basalt and
coral gravel with modern trash, plastic, golf balls, and bottle glass with an abrupt wavy boundary;
Stratum 1A, averaging 80-120 cmbs was naturally deposited agricultural soil described as
reddish brown, clay loam with fine strong angular blocky structure with clay and iron coatings
between peds and pronounced iron stained root casts, with a clear wavy boundary. Stratum 1IB,
averaging 120-240 cmbs (to the water table), also consisted primarily of naturally deposited
agricultural soil (Ibid. 1989:34) described as grayish blue, clay, with pronounced iron coatings on
root casts. The extensive deposit overlying the pond field deposits consisting of imported fill
containing historic and modern refuse led the researchers to conclude that expansive areas of the

floodplain was filled during historic and modern periods to reclaim wetlands.

In addition to the negative findings of the survey and descriptions of the test trenching portion of
the investigation, the report (Ibid. 1989: pp29, 31, 33) provides observations of Waikalua-loko
and Waikalua ponds as they appeared in 1989 as follows:.

.....Both Kane’ohe and Kawa Stream beds near the coast have been bermed for
flood control with imported gravel fill and the outlets of these steams contain
only recent alluvial deposits.

The two extant fishponds on the property are Waikalua-loko and
Waikalua Ponds. The third pond shown on the historic maps adjoining Waikalua
Pond to the east — Keana Pond- was filled in during the 1950 (Devaney et al.
1976:147) and not a trace of its former outline survives. Each of the two
remaining ponds is described as follows:
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Figure 10. Aerial Overviews of Waikalua-loko; top to southeast; bottom to southwest, May 1989
(from Hawaiian Fishpond Study 1989: 1\VV-73/74)
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Waikalua-loko Pond

This pond which stands between the outlets of Kane’ohe and Kawa
Streams is in some sources referred to as simply Waikalua Pond, but the name
shown on the modern tax map is used in this report. The pond has a 2-4 foot
high seawall which separates the interior from the reef. The wall is 2-4 feet high
and 10-15 feet wide and the center is in sections, filled with sand and coral. The
gates of the pond are mortared lava rock with wooden frame works and bridges.

The seawall is relatively clear of vegetation except at the east and
towards Kawa Stream and is in portions somewhat jumbled by wave action on
the seaward side. The wall measured to be 1520 feet long (McAllister 1933:178)
but appears to have been shortened somewhat by the berming of the Kane’ohe
Stream mouth at the northwestern end of the pond.

The waters of the pond are generally clear of vegetation except at the
southeast end. The size estimates of the pond in various sources vary from 11
acres to 13 acres (Devaney et al. 1976 139,146) but this variation may be simple
differences in calculation rather than actual changes in the pond through time.
Review of the various historic maps showing the pond indicate that its size and
placement of its seawall has remained the same in the last 100 years. Apparently
the pond went through rebuilding in the early 1930s and McAllister reports that
this work had just been completed (Ibid. 1933:133).

Besides fish rearing the pond has been used for raising oysters (Devaney
et al. 1976:145). Cobb in his 1901 survey of fishponds for the U.S. Fish
Commission listed Waikalua (loko Waikalua) Pond as one of 16 ponds in
Kane’ohe Bay which were still in commercial production (Cobb 1902:748).

The historic maps show Kawa Stream entering the mauka side of
Waikalua Pond. This stream in recent times has been diverted to its own channel
which outlets at the eastern side of the pond.

Waikalua Pond

This pond borders Waikalua-loko on its eastern side. It has been referred
to by other names such as Waikalua-waho or Waikalaa. A 1-2 foot high and 3-4
foot wide seawall survives on the east side of the present channel of Kawa
Stream. The pond wall and interior are overgrown with mangrove and at present,
there is no open water. The east and south sides are not clearly defined but a
sewerline lies buried close to the periphery.

It appears from historic maps that Waikalua Pond never had an
established source of fresh water as did Waikalua-loko although there was
probably fresh water seepage. The pond in its original extent covered 3.5 acres
and at one time connected to the now destroyed Keana Pond (Devaney et al
1976:147).

Following Hammatt and Borthwick’s 1989 investigation, an archaeological monitoring and
interim preservation plan for implementation during the proposed expansion of the Bay View
Golf Course was completed in 1995. This plan addresses archaeological monitoring during
construction activities and archaeological preservation of Waikalua-loko and Waikalua fishponds.
Waikalua-loko is recommended to be actively preserved, restored, and maintained and Waikalua

pond is recommended for passive preservation with no plans for future restoration or
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maintenance. Monitoring during construction was outside of the current project area and within

the existing golf course area (Hammatt 1995).

A preservation plan revision subsequently prepared for Waikalua Loko (Dashiell et al. 1995)
provided a number of additional observations and assessments of the pond as it appeared in 1995
(Fig. 11). The plan discussed the preservation mandate issued in conjunction with the Special
Management Area Permit and proposes restoring the pond generally to the state of the 1930s
conditions when a major reconstruction into the current configuration was undertaken (Dashiell
1995). Thus, the primary goal of the preservation plan was to preserve Waikalua-Loko Pond “in
place, with no modifications except those which will serve to preserve or improve the conditions
of the site as a functioning Hawaiian fishpond” (Dashiell et al. 1995:6). In addition to describing
the results of surface assessment and providing suggestions for preservation, the report provides a
detailed chronological history of the pond and consequent alterations through time. In 1995 the
pond is described by Dashiell et al. (1995:1-3) as follows:

At present, the pond has been significantly altered due to a reconstruction
of the wall in 1930. Portions of the pond have been filled, about two feet of
sediment has accumulated in the pond bottom and fresh water sources from the
adjacent Kane’ohe and Kawa Streams have been diverted. Remnants of the
original stone wall along the bay side exist for most of that segment, but during
reconstruction, the pond wall was probably widened by in filling inside and along
the original wall. A variety of materials were used from that time to repair the
wall including concrete rubble, concrete blocks, and soil. The three existing
gates are made of reinforced concrete with concrete sills.... One gate is about
eight feet wide, the other two are six feet wide. The pond wall is up to 10 feet
wide in some places and the inside of the wall appears to be lined with soil, no
remnants of stone walls on the inside of the pond are obvious.

At present, water flows with the tide through two of the gates, but the
small gate near Kawa Stream is largely blocked by sediment and mangrove
infestation and can pass only small volumes of water during very high tides...
Portions of the pond are infested with mangrove which is especially thick along
the Kawa Stream side and in a delta area inside the pond where the earlier Kawa
Stream freshwater gate was located (Dashiel et al. 1995: excerpts from pp1-3).

The preservation plan includes a chronology of Waikalua Loko Fishpond and adjacent areas

derived through historical maps and photographs, copies of which are provided in the report. The

following chronology is excerpted from Dashiell et al. (1995:8-9):

1850 Waikalua Loko was surrounded by loi and probably received fresh water
from [oi runoff, auwai, springs, and via gates to Kaneohe and Kawa Streams.
According to Alexander’s (1887) map, Kawa Stream did not enter Kaneohe Bay,
rather it flowed into the upland marshes and /oi at an elevation above Waikalua
Loko.
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1880 An 1887 photo (Exhibit 6) of the pond looking north shows different
features than today. For example, there is a small pond for fry and this, coupled
with evidence of the freshwater inflow via auwai and the adjacent loi, implies that
mullet were spawned in the pond. There are trees on the pond wall.

1920 Kaneohe ahupua’a lands were used for taro cultivation, rice, grazing, sugar
cane, and pineapple cultivation. During the late 1800’s and well into the 1900’s
some of these land uses resulted in extensive soil erosion. A 1913 photo shows
extensive Joi adjacent to the pond (Exhibit 7). The pond may have fallen into
disuse and a 1926 air photo shows the pond wall with a large break.

1930 Waikalua Loko walls are reconstructed. Three gates (those remaining
today) were constructed of reinforced concrete. The wall is 9 to 12 feet wide,
possibly widened during this period for access by equipment. In a photo taken in
the late 1930’s (frontispiece) a small structure is seen on the pond wall. Such were
common near pond gates as a shelter for the gate keepers to guard the fish and to
provide shade.

1940 Kaneohe Bay was dredged of more than 11 million cubic yards of coral,
some used for land fill, some dumped into deep parts of the bay. This action,
coupled with soil erosion in preceding years from sugar cane and pineapple
cultivation permanently altered the bay’s marine environment. A 1943 map
appears to show inflow of Kawa stream to the pond, and a direct outlet for Kawa
Stream to the bay.

1950 An air photo taken in 1949 (Exhibit 8) shows a reconstructed pond similar
in form to 1926, but with a more well-defined embankment on the landward side.
There appears to be a ditch or /oi between the pond and the land... Former rice
paddy or loi can be seen in the adjacent wetland areas... A sewage outfall was
constructed into the center of the south part of Kaneohe Bay, not far from
Waikalua-Loko. This added to the destruction of the bay. The remnants of the
concrete pipe used for this outfall are present today along the Kawa Stream
embankment.

1960 An air photo taken in 1967 (Exhibit 9) shows a channelized Kawa Stream
adjacent to the pond and extending directly to Kaneohe Bay. An auwai or ditch
adjacent to Waikalua Loko, next to the sewage treatment plant, appears to connect
Kaneohe and Kawa Streams.

1970 Pond operations cease. Kawa Stream was further channelized and portions
lined with concrete by the City as a flood control project to reduce flooding in the
upland subdivisions. Kaneohe Stream was lined, channelized and dammed
(Hoomuluhia Park project) by the City and U.S. Army Corps of Engineers
(excerpted from Dashiell et al. 1995:8-9).
Following the formal acceptance of the preservation plan revision, the Waikalua Fishpond
Preservation Society, a non-profit corporation (IRS 501C#3 August 1998), was formed in 1995 as

a stewardship entity to care-take, stabilize, maintain, and ensure preservation of the fishpond.
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The mission of the society involves three parts:
1. To preserve, stabilize, and beautify the Waikalua Loko Fishpond;

2. To educate the Windward (O ahu) Community about ancient Hawaiian and modern
Hawaiian fishpond practices: and

3. To provide an educational resource to be made available for use by educational
institutions or community organizations with respect to ancient and modern Hawaiian
fishpond practices.

Over the years, the society has mobilized school and community based volunteers to undertake
removal of mangrove infestations within the pond, particularly along the Kawa Stream side and
within a silt delta inside the ponds. Algae removal has also been carried out in the interior of the
pond. The pond walls have been stabilized by using water-rounded basalt boulders and rocks,
most likely displaced from the wall, collected along the shallows immediately beyond the seaside
segment of the wall. Additional wall stabilization has been effected using quarried basalt boulders
and rocks, as well as clay mud, and a retaining dike of stakes made from cut mangrove trunks

along the inland perimeter of the pond.

The society has also produced a marine science and culture based curriculum which has been
adopted by the State Department of Education. Project Kahea Loko - A Teachers Guide to
Hawaiian Fishponds, provides educational resources for grades 4 through 12. Regular field trips
by school groups have been on going for several years. There is also a well-attended community

day that takes place several times each year (Waikalua Loko Preservation Society website).

RESULTS OF CURRENT ASSESSMENT

Surface assessments of the Waikalua and Aikahi terrestrial segments of the proposed Kane ohe
Kailua Force Main Number 2 corridor were conducted during the current archaeological study.
Although these surface assessments discovered no new sites nor encountered any evidence of
previously unrecorded or inadvertent archaeological or historic remains, they provided
opportunities to examine the current conditions of the area and update any changes from available
previous documentation. The proposed project boundaries on the Waikalua end incorporates a
portion of one previously recorded site, Waikalua-loko Fishpond (SIHP Site 50-80-10-349). On
the Aikahi end, no previously recorded sites are extant within the currently proposed project

boundaries, although a number of previously recorded sites occur in adjacent areas.

37



Aikahi Land Segment

The current plans call for two potential options for this segment of the transmission corridor

which will connect the underbay line from the H-3 Interchange to the existing Kailua Regional
Wastewater Treatment Plant (see Figs. 4 & 5):

1. Option 1 — micro-tunneling from the H-3 Interchange to the KRWTP entry and open
trenching within the plant boundaries, and

2. Option 2 - auger boring under the H-3 intersection and continue with open trenching to
KRWTP and to the connection point within the plant.
No surface indications of any archaeologically or culturally sensitive areas were encountered
during the course of surface assessment. Previous investigations in the adjacent areas to the
north, discussed in a previous section of this report, have resulted largely in negative findings
although six sites were reported in the area adjoining KRWTP to the north (Jackson 1993). These
consisted of two surface scatters of basalt artifacts with historic material, two surficial limestone
alignments, and two limestone and basalt cobble pavings. Test excavations produced negative
results and interestingly no associated artifacts were found from any of the surface structural
features. Some concrete and steel structures were also noted in the area. Also notable are that the
soil regimes in the project corridor and in the adjoining areas are different. The parcel in which
the six sites occurred occupies two soil areas, Keaau Clay to the west and Mamala Stony Silty
Clay Loam to the east. The project corrider is entirely located within an area identified as
Kokokahi Clay. A small area of Jaucus Sand (saline) occurs at the northeast corner of the
KRWTP (see Fig. 8). Although the burials in the Mokapu Peninsula occurred in Jaucus sand
JaC), the small pocket (JcC) that occurs within KRWTP is high in salinity due to the closeness of

the water-table to the ground surface.

Waikalua Land Segment

The current plan calls for open trenching for the transmission line connecting the underbay line
from the small spit located at the end of the artificial peninsula between Kane ohe Stream and
Waikalua-loko Fishpond to the connection within the KEPS (Fig. 12). This land segment
traverses two areas of archaeological potential sensitivity; 1) portions of the northwestern side of
Waikalua-loko fishpond; and 2) through the area formerly occupied by a number of Land

Commission Awards (Figs. 13 and 16).
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Figure 12. Aerial Image Showing Alignment of the Proposed Land Segment at Waikalua
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Buried Fishpond Remnants
The potential of encountering buried remnants of fishpond walls from past configurations arises
since the pond has undergone several modifications just within the past century. The specific
details regarding prehistoric configurations are unknown and accurate definition for that period
would be problematic. However, for the more recent configurations, early 20™ century depictions
on old topographic maps, tax maps, and aerial photographs are available (Figs. 14-16). These
show certain changes, but the overall configuration appears to have been fairly stable over at least
the past 80 years. Episodes of wall damage and influx of siltation from stream flow during

storms is evident in the 1927 aerial in Figure 16.

In an attempt to locate possible wall remnants from past fishpond configurations, Dr. Floyd
McCoy, a geologist from the Windward Community College, in coordination with archaeologist
Dr. Hallett Hammatt of Cultural Surveys Hawaii, conducted 10 ground penetrating radar transects
in two localities of Waikalua-loko Fishpond (Fig. 17). The imaging of the eight transects at the
peninsula locality (Fig. 18) on Figures 20-22 appear to show some anomalies indicative of buried
features, but whether the reflections represent old buried wall remnants are inconclusive,
especially due to the extensive engineered fill forming the peninsula at this particular locality
during the flood control project in the early 1970s. However, at the South Corner Locality (Fig.
19), the reflections that appear on the imaging of Transects 10 and 11 (Fig. 23) may represent the
opening or makaha where Kawa Stream formerly entered Waikalua-loko Fishpond. The
modifications in and near this locality that took place during the flood control activities consisted
of stream realignment and earth moving rather than the placement of extensive engineered rock

fill in contrast to the Peninsula Locality.

Buried Remains of LCA
The potential for encountering buried remnants of native kuleana was the second area of concern
regarding the land segment at Waikalua. As shown on Figure 13, the alignment crosses five Land
Commission Awards; 1958:5 to Kukeliikahaoa and Mahu, 7687:2 to Kealoha, 2628:3 to Paele,
10605:2 to Pi’ikoi, and 3344 to Naiwieha. Of these five, three are described as lo i in the parcel
descriptions. Based on the location and distribution of these parcels along a central “auwai, all of
these were very likely agricultural lots. In 1913, the whole area inland of Waikalua-loko Fishpond

is occupied by /o i as shown on the photograph from that year (Fig. 24).

Systematic subsurface testing, employing backhoe trenching was undertaken by Cultural Surveys

Hawaii during the course of their survey for the Proposed Bay View Golf Course Expansion
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Figure 22. Imaging of Transect 8 at the Peninsula Locality
(Imaging Courtesy of Dr. Fred McCoy, WCC)

(Hammatt & Borthwick 1989). A 600-foot transect oriented north/south, located in an open
pasture inland of the KEPS, and starting 200 feet north and perpendicular to Kawa Stream was
tested with a series of eight backhoe trenches spaced at 50-100 foot intervals. The trenches
averaged 7.5 m in length and 2.1 to 2.4 m in depth where the water-table was reached. Both
trench faces were carefully examined for cultural remains, such as charcoal lenses and shell
midden, as well as any remnant buried features, such as /o i walls, embankments, rock alignments
or cross-sections of ‘auwai. No cultural remains were encountered in any of the eight trenches.
The exposed stratigraphy in all eight trenches was uniform other than slight variations in depth
and thickness of each layer. Three layers were exposed. Layer | was a modern mechanically
deposited fill layer of dark-grayish-brown silt loam to sandy clay, with inclusions of coral and
basalt gravel with modern trash such as plastic, golf balls, and bottle glass. This fill layer was
0.60 -1.20 m in thickness. The top layer was followed by Layer I1A an A-1 Horizon 0.20 — 0.60
m in thickness. This was a reddish-brown clay loam with pronounced ferrous and clay coating in
between the peds and with iron stained root casts. The upper 0.10 m typically exhibits platy

structure attributable to compaction during filling. The last exposed layer which reached the
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Figure 24. 1913 Photograph Showing /o ‘i Inland of Waikalua-loko Fishpond
(photograph from Dashiell et al. 1995: Exhibit 7)

water table was Layer IIB an A-3 Horizon 1.00 — 1.30+ in thickness. This layer, a gleyed clay,
was a grayish blue clay with pronounced iron coating on root casts with weak organic and iron
staining. The bottom portion of this layer was waterlogged. Layers IIA & B were interpreted to
be the remains of a buried agricultural soil underlying and partly compacted by the mechanically
deposited fill layer. The agricultural soils were considered to have derived from the same alluvial
depositional origin. The distinction is due to depositional alteration, differential weathering, and
variation in moisture regimes and drainage; ie, differential depositional depths. That not one of
the structural features of the abundant terracing or ‘auwai were evident in the trench faces is
strong evidence that the area not only underwent compaction, but the upper portions of the
original ground surface was most likely also mechanically truncated and leveled prior to the
deposition of fill. Thus, the current ground surface elevation is likely close to what it was when

the /o i complex occupied the area prior to the deposition of fill.
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DISCUSSION

The proposed location of the Waikalua portal for the horizontal directionally drilled segment that
will traverse beneath the bottom of Kane ohe Bay is on the artificial peninsula which currently
incorporates the northwestern wall of Waikalua-loko fishpond (see Fig.12). The former
configuration of the pond during the early 1900s, as well as the prehistoric period, did not include
the stream embankment structure between the pond and Kane ohe Stream. Aerial photographs
indicate that this modification initially began sometime after 1926 and possibly at the time of the
recorded 1930 reconstruction and most likely renovated a few times since then to reinforce both
the pond wall and to embank the Kane'ohe Stream mouth. A remnant segment of the original
northwestern wall of a former, undocumented configuration of the pond may still be extant within
and under the filled area. For this reason, close scrutiny of the proposed construction procedures
associated with the Waikalua land segment is necessary to ensure that no component of this
fishpond slated for permanent in-situ preservation is adversely impacted and damaged. At the
same time however, the results of the analyses of aerial photographs and historic maps together
with the GPR transects presented in this report confirmed that the configuration of the pond has
been quite stable over the past eighty years or so. Also, with the currently proposed alignment of
the land segment pipeline, no element of Waikalua-loko Fishpond as stated in the preservation

mandate will be impacted.

The possibility of impacting potential buried remnants of Land Commission Award parcels
traversed by the open trenching alignment which connects the underbay transmission line to the
KEPS has also been relatively diminished by the previous negative results generated by the
backhoe trench testing transect discussed in the previous section. The strong evidence that
existing surface features of the lo'i complex may have been mechanically truncated prior to the

deposition of fill also supports this assertion.

With two viable alternative projects still being considered by the CCH, pre-construction
subsurface testing was deferred until such time as when one of the projects is selected.

Coordination with the State Historic Preservation Division has been on-going.
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RECOMMENDATIONS

Preconstruction subsurface testing shall be undertaken at both land segments if the underbay
force main project is selected for implementation. However, the scope will vary according to the
construction methodology being employed at each segment or for portions of each segment.
Coordination with SHPD shall be maintained throughout the duration of archaeological
procedures. All historic preservation regulations and rules shall be followed during the course of

the investigation.

AIKAHI LAND SEGMENT

Two alternative schemes are currently being considered, micro-tunneling and open trenching.

Should micro-tunneling be chosen, any jacking pit or other access point localities shall be tested
prior to construction. If open trenching is chosen, then pre-construction spot testing shall be
conducted. Open trenching will be undertaken within the KRWTP. Contingent on the results of
the testing procedure, an archaeological monitoring plan shall be prepared for approval prior to

commencement of any ground disturbing construction activities.

WAIKALUA LAND SEGMENT
Open trenching is slated for this alignment. For the portion (roughly the makai half) of the

segment within the artificial peninsula and adjacent to the existing wall of Waikalua-loko
Fishpond, archaeological monitoring shall be undertaken. Due to the nature and purpose of this
man made embankment, the least amount of disturbance is recommended, thus monitoring during
construction of the HDD portal and the open trenching in this portion of the land segment is
recommended. A monitoring plan shall be prepared for review and approval by SHPD prior to

commencement of any construction-related ground disturbing activities.

For the mauka half of the segment, preconstruction spot testing is recommended in selected
locations along the footprint of the land segment corridor. Contingent on the results of the
testing, the preparation of an archaeological monitoring plan may be required for review and
approval by SHPD prior to commencement of any construction-related ground disturbing
procedures.

Based on discussions with the SHPD Administrator, the O ahu Island Staff Archaeologist, as well
as Mr. Herb Lee of the Waikalua-loko Fishpond Preservation Society, during monitoring of the
makai half of the land segment, should any boulders or stones suitable for use by the stewardship
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group in stabilizing or restoring the pond walls be encountered, these shall be recovered and

stockpiled on the peninsula area beyond the construction zone.

Finally, as an interim protection measure during construction, a buffer zone of roughly 30 feet
shall be established along the land-based perimeter of Waikalua-loko Fishpond to prevent

inadvertent intrusions and damage to the structural components of the fishpond (Fig. 25)..
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APPENDIX A

Waikalua Loko 50-80-10-349

Excerpted from:
Hawaiian Fishpond Study 1989
By:

DHM, Inc
and

Applied Research Group
Bishop Museum
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Waikalua (map #56)

SITE #: State 50-80-10-349; BPBM 50-Oa-G5-11

LOCATION
AHUPUA'A/DISTRICT/ISLAND: Kane'ohe/Ko'olaupoko/Q'ahu
ADDRESS: 45-231 Kulauli St.
TMK: 4-5-30:1 (portion)
USGS QUAD: Kaneohe

TYPE: |

CLASS: lIA
INTEGRITY:
WALL CONDITION*: poor to good
AMOUNT OF SILTATION*: moderate
EXTENT OF VEGETATION ENCROACHMENT: minimal
NRHP CRITERIA: A--yes; B--no; C--yes; D--yes
SIZE: 4.7 hectares (11.6 acres)
WALL: 433 m (1420 ft) long; 3.5 m *(11.5 ft) wide; 1 m* (3 ft) high.

CONSTRUCTION*: seaward facing of angular and waterwomn basalt, small boulders and
cobble with cobble fill.

SLUICE(S)*: 3

OWNERSHIP: Pacific Atlas (Hawaii), Inc., Ala Moana Building Suite 1212, Honolulu, Hawaii
96814

HAWAII/NATIONAL REGISTER STATUS: no/no
REFERENCES:

Apple and Kikuchi, 1975

McAllister, 1933

MINARK, 1989
*FIELD CHECK: 28 June 1989
SURROUNDING LAND USES: P-2, P-1, R-10

SPECIAL ENVIRONMENTAL FACTORS: The Kaneohe Sewage Treatment Plant and an
auto towing operation are located on the southwestern side of the fishpond.

WATER QUALITY: CLASS AA
GENERAL LAND CLASS: 6 (CONSERVATION)

- IV-67 -
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WAIKALUA FISHPOND, O'AHU. The aerial view of Waikalua Fishpond looking southwest, shows
an overall view of the fishpond's relationship to the adjacent City and County of Honolulu
Kane'ohe Sewage Treatment Plant and surrounding residential areas (May 25, 1989, DHM neg.
no. Qa-43-24).
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WAIKALUA FISHPOND, O'AHU. Aerial view to the southeast of Waikalua Fishpond with Kane'ohe
stream in the foreground. (May 25, 1989, BPBM neg. no. Oa(a)-515-5).
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Management Summary

Reference

Archaeological Literature Review and Field Inspection for the
Proposed Kane‘ohe-Kailua Wastewater Conveyance and Treatment
Facilities Project, Alternative 2 — Tunnel Route, Kane‘ohe Ahupua‘a,
Ko‘olaupoko District, O‘ahu Island (TMK: [1] TMK: [1] 4-2-15:09; 4-
2-17:01, 16, 18, 21; 4-4-11:03, 81, 82, 83; 4-4-12:01, 02, 64, 65; 4-5-
30:01, 36; 4-5-31:76; 4-5-32:01; 4-5-38:01; 4-5-100:01, 02, 03, 04, 52;
4-5-101:33, 34, 35, 36, 37, 38) (Groza et al. 2010)

Date

November 2010

Project Number

Cultural Surveys Hawai‘i, Inc. (CSH) Job Code: KANEOHE 14

Investigation
Permit Number

The fieldwork component of the archaeological literature review and
field inspection study was carried out under CSH’s annual
archaeological permit # 10-10 issued by the Hawai‘i State Historic
Preservation Division/Department of Land and Natural Resources
(SHPD/DLNR), per Hawai‘i Administrative Rules (HAR) Chapter 13-
282.

Project Location

The approximately 4.8 km (3 mi.) long subsurface corridor, located
mauka (upland) of the southeastern portion of Kane‘ohe Bay, between
and including the 15-acre Kane‘ohe Wastewater Pre-Treatment
Facility (WWPTF) and the 25-acre Kailua Wastewater Treatment
Plant (WWTP) will be aligned to traverse mostly under the Oneawa
Hills range mauka of Kane‘ohe Bay Drive. The project area also
includes a tunnel access shaft adjacent to Mokapu Saddle Road at H-3
within an approximately 1.6-acre parcel. The project area is depicted
on the U.S. Geological Survey 7.5-Minute Series Topographic Map,
Kane‘ohe (1998) and Mokapu Point (1998) quadrangles.

Two alternative alignments (i.e. Alternatives 1-2) have been proposed
for the project. The current study is for Alignment 2; the alternative
solution involves the construction of a force main and is under
preparation by another firm.

Land Jurisdiction

Surface impacts associated with the proposed project would occur at
facilities owned by the City and County of Honolulu (C&C). The
proposed sewer tunnel alignment would primarily run beneath the
Oneawa Hills, primarily owned by Kaneohe Ranch. The proposed
tunnel access shaft location is owned by the Board of Water Supply.

Agencies

State of Hawai‘i Department of Land and Natural Resources/State
Historic Preservation Division (DLNR/SHPD)

City and County of Honolulu Department of Environmental Services
(ENV)
Honolulu Board of Water Supply
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Project Description

The proposed Kane‘ohe-Kailua Wastewater Conveyance and
Treatment Facilities Project involves the construction of a new
conveyance system to supplement an existing force main carrying pre-
treated wastewater from the Kane‘ohe Wastewater Pre-Treatment
Facility (WWPTF) to the Kailua Regional Wastewater Treatment Plant
(WWTP). The proposed Alternative 2—Tunnel Route involves
construction of an approximately 13-foot (4 m) diameter tunnel
between the two facilities. The floor of the tunnel would begin at a
depth of approximately 35 feet (10.7 m) below sea level at the
Kane‘ohe WWPTFE. It would traverse approximately three miles,
mostly beneath the Oneawa Hills range, reaching a floor depth
between 75 feet and 80 feet (22.9 m to 24.4 m) below surface at the
Kailua Regional WWTP, where the wastewater will be pumped to the
surface for treatment by a new influent pump station (IPS); the IPS
will be in the tunnel shaft. In addition to conveying wastewater by
gravity flow, the tunnel would also serve a storage function when the
volume of wastewater increases during periods of high rainfall. The
tunnel alternative would allow the existing Kane‘ohe WWPTF and
existing force main to be taken out of service. The proposed sewer
tunnel would be constructed by tunnel boring machinery and could be
staged from either the Kane‘ohe WWPTF or the Kailua Regional
WWTP. An intermediate tunnel access shaft extending approximately
285 feet and 290 feet (86.9 m and 88.4 m) below surface would also be
constructed near the midpoint of the tunnel just northwest of Mdkapu
Saddle Road at its intersection with Interstate H-3.

Two equalization basins will be installed, one within Kailua Regional
WWTP and the other within Kane‘ohe WWPTF. Both of the
equalization basins will extend 15 feet (4.6 m) below surface and will
be buried 12 feet (3.7 m) below surface.

Spoils comprised mostly of un-weathered basalt generated by the
boring will be extracted through the completed portion of the tunnel.

Document Purpose

This archaeological literature review and field inspection study was
completed for use as a planning document. The proposed project is
subject to Hawai‘i State environmental and historic preservation
review legislation [Hawai‘i Revised Statutes (HRS) Chapter 343 and
HRS 6E-8/Hawai‘i Administrative Rules (HAR) Chapter 13-275,
respectively]. While this investigation does not fulfill the requirements
of an archaeological inventory survey investigation (per HAR Chapter
13-276), it serves as a document to facilitate the proposed project’s
planning and supports historic preservation review compliance by
assessing if there are any archaeological concerns within the study area
and to develop data on the general nature, density and distribution of
archaeological resources.
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Fieldwork Effort

The fieldwork component of the archaeological literature review and
field inspection study was accomplished on August 24, 2010 by CSH
archaeologist Randy Groza, M.A., and cultural specialist Joe Genz, Ph.D.
under the general supervision of Hallett H. Hammatt, Ph.D. (principle
investigator). The fieldwork required one person-day to complete.

Results Summary

No surface historic properties were identified within the Kane‘ohe
Wastewater Pre-Treatment Facility (WWPTF), Kailua Wastewater
Treatment Plant (WWTP), and a proposed tunnel access shaft location
within BWS lands northwest of Mokapu Saddle Road at its
intersection with Interstate H-3. Kane‘ohe WWPTF and Kailua
WWTP were both observed to have undergone extensive land
modification associated with sewer and water treatment and their
related facilities. BWS lands in the vicinity of the proposed tunnel
access shaft contain a large water tank, construction debris, piping, and
soils for / from BWS projects. Geotechnical testing results (see
Appendix A) show that basalt extends from 61 cm below surface (2
feet) to the bottom of the excavation, 98 m below surface (320.5 feet).

Despite the lack of surface findings, the historic record clearly
indicates that Kane‘ohe Wastewater Pre-Treatment Facility lands were
something of a quilt of traditional Hawaiian habitations and taro
patches as documented in the nineteen circa-1848 Land Commission
Awards. This pattern of intensive habitation and intensive traditional
Hawaiian agriculture may have existed for centuries prior to Western
contact in this area of unique natural abundance bordered by perennial
Kawa Stream to the south and the rich margins of Kane‘ohe Bay to the
east. Perennial Kane‘ohe Stream was approximately 60 m to the north.
A small area in the northeastern portion of Kailua WWTP contains
Jaucus sand (see Figure 7). Human burials have been found throughout
the Hawaiian Islands within Jaucas sand deposits.

No previous archaeological studies have found historic properties and
human burial remains within close proximity to the proposed project
areas.

Recommendations
continued
on page iv

After the City and County of Honolulu and the EPA determine the
most appropriate alternative plan for this project, CSH recommends the
following if Alternative 2, the gravity tunnel, is chosen. These
recommendations are based on the results of the literature review and
field inspection.

Kane‘ohe WWPTF

A program of archaeological inventory survey subsurface testing is
recommended in consultation with SHPD that is based on project plans
and scaled to address the specific locations of planned excavations.
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Recommendations
continued
from page iii

Kane‘ohe WWPTF continued

Based on the findings of the archaeological inventory survey and in
consultation with SHPD, monitoring is likely to be appropriate during
initial subsurface excavations within Kane‘ohe WWPTF.

Waikalua Loko Fishpond

Project activities related to the proposed Kane‘ohe WWPTF upgrades
should avoid direct or indirect adverse impacts to Waikalua Loko
Fishpond (SIHP # 50-80-10-349) and its vicinity (TMK: [1] 4-5-
030:001, por.). Consultation with SHPD and the Waikalua Loko
Fishpond Preservation Society and consideration of the Waikalua
Loko Fishpond Preservation Plan (Dasheill 1995) is recommended if
construction staging or other activities are planned within the
fishpond’s vicinity.

Kailua WWTP

Jaucus sand (see Figure 7) is present within a very small area in the
vicinity of the Kailua WWTP administration building in the
northeastern portion of Kailua WWTP. Human burials have been
found throughout the Hawaiian Islands within Jaucas sand deposits.
Currently, no new facilities are planned in this area. If any subsurface
disturbance is planned for this area, a program of archaeological
inventory survey subsurface testing is recommended in consultation
with SHPD. Based on the findings of the archaeological inventory
survey and in consultation with SHPD, monitoring is likely to be
appropriate during subsurface excavations within the northeast portion
of Kailua WWTP.

Otherwise, no further work is recommended for Kailua WWTP based
on historic research, extensive development within the project area,
and the lack of previous findings within the facility.

Nu‘upia Fishpond

Nu‘upia Fishpond (SIHP # 50-80-11-1002) is within Marine Corps
Base Hawaii, and no adverse affects to the fishpond are anticipated as
a result of the proposed project.

Proposed Tunnel Access Shaft Location

No further work is recommended for the proposed tunnel access shaft
location within BWS lands northwest of Mokapu Saddle Road at its
intersection with Interstate H-3 based on geotechnical testing results
showing basalt extending from 61 cm below surface (2 feet) to 98 m
below surface (320.5 feet; see Appendix A).

If, however, a new location for the proposed tunnel access shaft is
identified, additional literature review and field inspection is
recommended.
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Section 1 Introduction

1.1 Project Background

At the request of Wilson Okamoto Corporation, Cultural Surveys Hawai‘i, Inc. (CSH)
prepared this archaeological literature review and field inspection study for the proposed
Kane‘ohe-Kailua Wastewater Conveyance and Treatment Facilities Project, Alternative 2 —
Tunnel Route, Kane‘ohe Ahupua‘a, Ko‘olaupoko District, O‘ahu Island (TMK: [1] 4-4-003:015;
4-4-006:016; 4-4-007:025; 4-4-011:081; 4-4-012:067 4-4-014:049; 4-4-037:014; 4-5-030:036).
The approximately 4.8 km (3 mi.) long subsurface corridor, located mauka (upland) of the
southeastern portion of Kane‘ohe Bay, between and including the 15-acre Kane‘ohe Wastewater
Pre-Treatment Facility (WWPTF) and the 25-acre Kailua Regional Wastewater Treatment Plant
(WWTP) will be aligned to traverse mostly under the Oneawa Hills range mauka of Kane‘ohe
Bay Drive. The project area also includes a tunnel access shaft just northwest of Mokapu Saddle
Road at H-3 within an approximately 1.6-acre parcel. The project area is depicted on the U.S.
Geological Survey 7.5-Minute Series Topographic Map, Kane‘ohe (1998) and Mokapu Point
(1998) quadrangles (Figure 1), an aerial photograph (Figure 2), and on three TMK maps (Figure
3 to Figure 5).

Two alternative alignments (i.e. Alternatives 1-2) have been proposed for the project (Figure
6). The current study is for Alignment 2; the alternative solution involves the construction of a
force main and is under preparation by another firm.

The City and County of Honolulu Department of Environmental Services proposes to
undertake improvements to the wastewater collection and treatment system in the Kane‘ohe-
Kailua wastewater service area. The proposed conveyance system to supplement an existing
force main carrying pre-treated wastewater from the Kane‘ohe WWPTF to the Kailua Regional
WWTP involves construction of an approximately 13-foot (4 m [meter]) diameter tunnel
between the two facilities. The floor of the tunnel would begin at a depth of approximately 35
feet (10.7 m) below sea level at the Kane‘ohe WWPTF. It would traverse approximately three
miles (4.8 km), mostly beneath the Oneawa Hills range, reaching a floor depth of between 75
feet and 80 feet (22.9 m to 24.4 m) below surface at the Kailua Regional WWTP, where the
wastewater will be pumped to the surface for treatment by a new influent pump station (IPS); the
IPS will be in the tunnel shaft. In addition to conveying wastewater by gravity flow, the tunnel
would also serve a storage function when the volume of wastewater increases during periods of
high rainfall. The tunnel alternative would allow the existing Kane‘ohe WWPTF and existing
force main to be taken out of service.

The proposed sewer tunnel would be constructed by tunnel-boring machinery and could be
staged from either the Kane‘ohe WWPTF or the Kailua Regional WWTP. An intermediate
tunnel access shaft extending approximately 285 feet and 290 feet (86.9 m and 88.4 m) below
surface would also be constructed near the midpoint of the tunnel just northwest of Mdkapu
Saddle Road at its intersection with Interstate H-3. Two equalization basins will be installed, one
within Kailua Regional WWTP and the other within Kane‘ohe WWPTF. Both of the
equalization basins will extend 15 feet (4.6 m) below surface and will be buried 12 feet (3.7 m)
below surface.

Literature Review and Field Inspection, Kane‘ohe-Kailua Wastewater Conveyance and Treatment Facilities Project 1

TMK: [1] 4-4-003:015; 4-4-006:016; 4-4-007:025; 4-4-011:081; 4-4-012:067 4-4-014:049; 4-4-037:014; 4-5-030:036



Cultural Surveys Hawai‘i Job Code: KANEOHE 14 Introduction

626000 627000 628000 629000
o 1 1 1 1 o
& P= N P Project Area -
] / E i 9
h o \\ ‘ D Wastewater Facility N
\ G s |///)| Potential Access Shaft
\\ £ - B ' === Sewer Tunnel
Ny "-“\_\
\J.-"!\: =y, |
\\_/f‘v*-’/ 5
8 A 8
=] @ 1 i yw] ©
= T ¥ -+ == = -z
Q Q
Lirs ':
[=] [=]
8 [~ 8
BT 4 T e
(eq
g [ | O ]
Malare i efop
N/ Y
| Ny
/s 8\
\4
Beacon v‘ AVE
g€ | KANE'OHE X ~ A &
o | e / | o =3
g1 o - +0 /[ /ET7 /A8
E B Beaco \§ o bS]
2[3. I
o =2 prOJECT|/ / -/
el ¢ : o A
. Boadh Par Kokokahi |-, — \_ AREA P4 . ==
_Kaneohe WWPTF 4 { & §F 5 =
S - ‘\-‘Idhulul PRt el &\\ g
S T, 4 Kalali ’*f i f o &
b ! = P / eyl High Schia : (o ™~
oz
Potential “i M 0
Access Shaft oA 0
K'}.’,.I] j!]'
=] = =)
8 A 8
i — -5
©3 3
L N 0 0.25 05 Kilometers e \. Lo
O — 22N Coordinate System: UTM
A ] 0.25 0.5 Miles /L D;one: : ;“’5’;“;
T um:
T T T
626000 627000 628000 629000

Figure 1. Portion of U.S. Geological Survey 7.5-Minute Series Topographic Map, Kane‘ohe
(1998) and Mokapu Point (1998) quadrangles, showing the location of the project area
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Figure 2. Aerial photograph (source: U.S. Geological Survey Orthoimagery 2005), showing the
location of the project area
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Near-surface land disturbance associated with the proposed project would occur in the
vicinity of the Kane‘ohe WWPTF, the intermediate access shaft, and the Kailua Regional
WWTP. Horizontal boring associated with the construction of the sewer tunnel would occur at
depths greater than 45 feet (13.7 m) and would likely have no effect on the near-surface
sediments above. Spoils comprised mostly of un-weathered basalt generated by the boring will
be extracted through the completed portion of the tunnel. The basalt will be removed as crushed
rock, which can be readily processed for use as construction material.

1.2 Scope of Work

The scope of work for this archaeological literature review and field inspection study was as
follows:

1. Historical research including study of archival sources, historic maps, Land Commission
Awards and previous archaeological reports to construct a history of land use and to
determine if historic properties have been recorded in or near the project area.

2. Limited field inspection of the project area to identify any surface archaeological features
and to investigate and assess the potential for impact to such sites. This assessment will
identify sensitive areas that may require further investigation or mitigation before the
project proceeds.

3. Preparation of a report to include the results of the historical research and the limited
fieldwork with an assessment of archaeological potential based on that research with
recommendations for further archaeological work. The report also provides mitigation
recommendations if there are archaeologically sensitive areas that need to be taken into
consideration.

1.3 Environmental Setting

1.3.1 Natural Environment

The project area is located in coastal Kaneohe, situated along the southeastern edge of
Kane‘ohe Bay. The western portion of the project area begins on the coastal plain immediately
inland of the Waikalua Loko Fishpond. The sewer tunnel alignment progresses southeast to the
Oneawa Hills and then extends east to the proposed location of the access shaft, just makai
(towards the ocean) of Mokapu Saddle Road at its intersection with Interstate H-3. The sewer
tunnel alignment then continues inland, primarily running beneath the Oneawa Hills. The eastern
portion of the project area is on the low-lying lands of the Mokapu Peninsula, situated between
Kane‘ohe and Kailua Bays. The lands within the project area treatment areas are generally level
with elevations ranging from 0 to 12 m (0 to 40 ft.) above mean sea level. Rainfall in this portion
of Kane‘ohe averages 1,000 mm (40 inches) per year (Giambelluca et al. 1986).

Much of the proposed project-related excavations would occur at depths greater than 35 feet
(10.7 m), which would presumably be within limestone or basalt bedrock. Soils in the portions of
the project area where near-surface excavations would occur are listed from west to east as:
Hanalei Silty Clay (HnA) within the vicinity of Kane‘ohe WWPT; and Alaeloa Silty Clay (ALF)
within the vicinity of the intermediate tunnel shaft. Soils within the Kailua WWTP portion of the
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project area consist of Kokokahi Clay (KtC); Keaau Clay (KmbA); Mamala Stony Silty Clay
Loam (MnC) with a very small area of Jaucus Sand (JcC) within the northeastern portion of
Kailua WWTP (Figure 7).

Soils of the Hanalei Series are described as

somewhat poorly drained to poorly drained soils on bottom lands...developed in
alluvium derived from basic igneous rock....used for taro, pasture and vegetables.
Vegetation on noncultivated areas is californiagrass, sensitive plant,honohono,
and Java plum. (Foote et al. 1972:38-39)

Soils of the Alaeloa Series are described as

...deep and very deep, well drained soils that formed in material weathered from
basic igneous rock.....used mainly for pasture....Vegetation is guava (Psidium
guajava), Java plum (Eugenia cumini), christmasberry (Schinus terebinthifolius),
Japanese tea (Cassia leschenaultiana), sensitive plant (Mimosa pudica), hilograss

(Paspalum conjugatum), and honohono (Commelina diffusa). (Foote et al.
1972:26)

Soils of the Kokokahi Series are described as

....moderately well drained soils on talus slopes and alluvial fans...developed in
colluvium and alluvium derived from basic igneous rock.... Used for dryland
pasture and urban development. Vegetation is kiawe (Prosopis paillida), klu
(Acacia farnesiana), koa-haole (Leucaena glauca), bermudagrass (Cynodon
dactylon), and bristly foxtail (Setaria verticulata). (Foote et al. 1972:73)

Soils of the Keaau Series are described as

...poorly drained soils ... formed in alluvium weathered from basic igneous
rock... used for growing” (Foote et al. 1972:64-65). Soils of the Mamala Series
are described as “shallow, well drained soils that formed from alluvium deposited
over coral limestone and consolidated calcareous sand..... used for irrigated
sugarcane, orchards, truck crops and dryland pasture. Natural vegetation is kiawe
(Prosopis pallida), koa-haole (Leucaena glauca), klu (Acacia farnesiana), bristly
foxtail (Setaria verticillata), and fingergrass (Chloris spp.). (Foote et al. 1972:93)

The Jaucas Series

...... consists of very excessively drained, calcareous soils .... on coastal plains
adjacent to the ocean...developed in wind- and water-deposited sand from coral
and seashells. The natural vegetation consists of kiawe (Prosopis pallida), koa-
haole (Leucaena glauca), bristly foxtail (Setaria verticulata), bermudagrass
(Cynodon dactylon), fingergrass (Chloris spp.) and Australian saltbush. (Foote et
al. 1972:48)

Human burials have been found throughout the Hawaiian Islands within Jaucas sand deposits.
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1.3.2 Built Environment

Development within the project area consists of municipal wastewater infrastructure,
including wastewater treatment plant structures and sewer pump stations. The subsurface portion
of the project area is generally located beneath Oneawa Hills The surrounding area includes a
golf course, yacht club, elementary schools, residential neighborhoods, Kane‘ohe Bay Drive,
Mokapu Saddle Road, and the H-3 Interstate Highway.

1.3.3 Geotechnical Borings

Geotechnical boring testing was conducted within the intermediate tunnel access shaft portion
of the project, in the vicinity of the existing water tank. Borings reached a depth of
approximately 98 m (320.5 feet; see Appendix A). Testing results indicate the first 61 cm (2 feet)
consists of silty gravel with cobbles. Below 61 cm (2 feet), gray dense basalt is present. Basalt
with color and fracture variations extends to the bottom of the excavation (98 m below surface).
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Section 2 Methods

2.1 Document Review

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

This research provided the environmental, cultural, historic, and archaeological background
for the project area. The sources studied were used to formulate a predictive model regarding the
expected types and locations of historic properties in the project area.

2.2 Field Methods

The fieldwork component of the archaeological literature review and field inspection was
conducted on August 24, 2010 by CSH archaeologist Randy Groza, M.A., and cultural specialist
Joe Genz, Ph.D. under the general supervision of Hallett H. Hammatt, Ph.D. (principle
investigator). The fieldwork required one person-day to complete.

In general, the purpose of the field inspection was to develop data on the nature, density, and
distribution of archaeological sites within the project area, and also to develop information on the
degree of difficulty that vegetation and terrain create for future archaeological studies. The field
inspection consisted of a walk-through reconnaissance of the three portions of the project area.
The spacing between the archaeologist and cultural specialist during the walk-through
reconnaissance was generally 10 m.
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Section 3 Traditional Background Research

3.1 Mythological and Traditional Accounts

The current project area is located within the Windward O‘ahu district of Ko‘olaupoko, and is
situated within the ahupua ‘a (land division) of Kane‘ohe.

Kane‘ohe is a large ahupua‘a of approximately 8,000 acres, extending from the crest of the
Ko‘olau Range to the coast at Kane‘ohe Bay, and including most of the Mdkapu Peninsula. The
project area extends beneath several ‘ili (Iland sections within an ahupua ‘a) including Waikalua,
Keana, Kalaheo, Mahinui, Pa‘alae, Pu‘ahu‘ula, Mala‘e, and ‘Aikahi (Figure 8).

The meaning of the place name Kane‘ohe may come from kane (man), which may be a
reference to Kane, the god of creation, and ohe, which means “bamboo.” The word kane has also
been interpreted as “husband.” The place name Kane‘ohe has been attributed to a story about a
woman who compared her husband’s cruelty to the cutting edge of a bamboo knife (Clark 2002).
Kane‘ohe may also be derived from ‘oke, which is said to be one of the kinolau (body forms) of
the god Kane (Abbott 1992:15).

The following story relates to the origin of the of the place name Kane‘ohe:

...in Kaneohe proper, the people learned a new use for the Ohe...In olden times
anyone who did not conform to the way of life lived so industriously by the shore
people, was called E-epa, or non-conformist. The E‘epa were not actually
“touched in the head”, or lo-lo’ [crazy], but just different. They liked to wander
off by themselves and dwell among the mysteries of the upland forests where they
listened to the music of Nature, and often became poets or musicians.

Those upland reaches, all unexplored territory and sacred to the Spirits or Akua of
Nature, where referred to as the Wao, or places of mystery. In order to keep
children from wandering to the uplands, their elders told the little ones, “Do not
go up there or the Bamboo Man may keep you. We would mourn your absence in
loneliness. Remain at home and learn your useful duties.”

Hano-ihu...longed to explore. Pu‘ili...longed to accompany her playmate, Hano-
ihu, when he wandered far. But, being more timid, she contented herself during
the boy’s absences and kept his secret of those upland trips he enjoyed.

One sad day, Hano-ihu did not return. The people searched and could find not
trace of the disobedient boy. Finally, the villagers decided the boy had died, and
they told the other children that the Bamboo Man had taken the boy-wanderer.

Pu‘ili...decided that he was not dead and she must search for him. Acting upon
the thought, the little girl followed the direction often taken by the boy and was
soon alone in the dark recesses of the forest lands of Wao, the Mysterious.

She saw nothing to fear. Rather, she delighted in the beauty of the forests, the
fragrance of the ferns and blossoms growing besides singing rills of sweet waters,
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and danced along happily to the whistling of the Wind Gods in the tree tops
touching the blue sky far above.

Soon she realized the whistling was not actually the Wind, for it had a bird-like
note that repeated itself in a gentle rhythm. Also, she saw the bamboo moving in
the breeze and heard how it rattled its branches. She found two lengths of a
bamboo branch and, one in each hand, beat time on the two sticks while she
followed the plaintive note calls.

Before her...she saw her beloved playmate sitting on the bank. Beside him was a
tall, thin man whose eyes watched the boy, while the child blew upon a bamboo
length. The man’s lean hands waved to the rhythm of the notes, and the girl went
dancing toward the pair, keeping time with her pair of bamboo sticks.

Hano-ihu and the tall man finished their melody, then praised the little Pu‘ili for
joining them....She sat with them and learned that the man was Kane‘ohe, the
Bamboo Man who, as a child, had followed the lure of Wao and had invented a
bamboo flute. Kindly, the old man explained to the children how the art of
creativity often is lost unless those inspired do follow the call. He told them,
“Now we shall return to the village, for I have answered the call and you two little
ones will be musicians like me. In honor of this occasion, I shall name the flute
after you, my boy...we shall name the time-keeping sticks for her.”

Gaily, the three went down the forest trail of Wao the Inspiring. They were
welcomed with feasting and joy. That is how we have the Ohe, or Bamboo,
instruments today. The Hano-ihu or Nose flute; and the Pu‘ili, or notched Bamboo
sticks; and the hula named for these gifts of Kane‘ohe, the Bamboo Man. (Paki
1972:29-30)

The following legend speaks to the importance of Kane‘ohe and the antiquity of Kawa‘ewa‘e
Heiau, approximately 1 kilometer southwest of the Kane‘ohe WWPTF. The word “kawa‘ewa‘e”
literally refers to a type of stone or coral used for polishing canoes, or rubbing off pig bristles
(Pukui and Elbert 1986). Thrum (1906:48) reports that Kawa‘ewa‘e Heiau was erected in the
beginning of the 12th century by the high chief ‘Olopana. Kawa‘ewa‘e Heiau was said to have
been constructed by menehune, the legendary race of small people who built structures by night
(Fornander 1878:23).Windward O‘ahu is famous for legends of Kamapua‘a, the half man, half
pig demigod renowned for making mischief and for his masterful escapes from retribution for his
chicken and taro thievery. One story centers on Kamapua‘a and the Kawa‘ewa‘e Heiau.

3.1.1 Waikalua “Ili

Waikalua translates as “water of the /ua fighter,” or “water of the pit” (Pukui et al. 1974:222).
The following account describes Waikalua as the setting of a mythological battle between the
forces of good and evil:

Over against this altar beside the chiming waters of Hiilaniwai on Mountain
bright (Keahiakahoe), down by the sea, stood the pagan outfit of a dark sorcerer
who plied his damnedest black arts for a fee. His establishment was near a fenced
area of about thirty acres of wild rocky land called the “Waters of Slaughter” or
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Waters of Depression, “Wai-Kalua.” Here the old fellow did his wizardry and was
supposed to counsel with evil spirits in the still dark night...

Nearby this wizard’s hut, according to old timers, were two springs whose waters
possessed supernatural power. Out of one, they said, came healing streams that
imparted life and purity of soul to all who drank of it. The other poured forth a
stream that carried spirits of demonical possession concealed in its waters, and
spread eternal chaos and cruel death on every form of life it touched.

As the story goes: Once the gods of the nether world and the spirits of the world
of light engaged in furious battle over these springs. The Lights won and drove
the subterraneous to an adjacent area or field at Waikalua. Here the defeated gods
wreaked their rage for their defeat on every animate creature within reach, until,
following another encounter with the gods of the upper world, they were driven to
a place called “Milu” in the center of the earth. Later the scene of battle was
fenced off from the surrounding holdings and named “The Pig Pen”--“Ka-Pa-
Puaa.” (Parker n.d.:7-8, cited in Sterling and Summers 1978:209)

The legend of La‘amaikahiki is associated with Naoneala‘a, located on the Kane‘ohe Bay
shoreline within Waikalua ‘Ili. The legend describes the chief La‘a’s arrival on O‘ahu from
Kahiki (the ancestral homeland of Hawaiians), at Naoneala“‘a.

La‘a, that is, La‘a-mai-Kahiki was so named for his coming from Kahiki. After
the death of Olopana, the kingdom was inherited by La‘a, and he heard from Kila
and others that Hawaii was a fertile land, and that the people were great farmers
and keepers of fish in fish ponds. Oahu was the richest of all, so La‘a became
determined to come here to Hawaii.

There was a man at Hanauma named Ha‘ikamalama. When he heard sounds from
the sea, he wondered what it was. It was the sound of the big and little drum,
therefore he thumped the rythmn on his chest with the tips of his fingers...The
sound seemed to come from the sea on the Koolau side, so he sailed to Makapu‘u.
He saw them going by on the ocean so he went by land until he saw the canoe
heading toward Ka-waha-o-ka-Mano. He guessed that they were going to
Kaneohe in Koolau-poko. When the canoe reached Wai hau palua, he ran to the
shore, with his fingers beating the rythmn and he chanting the chant to Kupa.

When La‘a and the men on the canoe noticed this, they were astonished. He knew
their names through their playing of the kaeke [drum]. La‘a threw out some sand
as a resting place for the canoes. This place is now called Na-one-a-La‘a (La‘a’s
sands.) It is in Kaneohe. (Kamakau 1867, cited in Sterling and Summers
1978:209-210)

It is said that La‘a brought with him from Kahiki the hula and pahu drums, components of a new
religion, that had been previously unknown to the islands (Landgraf 1994:116). Naoneala‘a, was
“tapu [forbidden] to the commoner when alii lived there” (McAllister 1933:178).

Naoneala‘a was also the site of a meeting to end a war between the chiefs Alapa‘i and
Peleioholani, and their warriors:
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So it was that Pele-io-holani and Alapa‘i met at Naoneala‘a in Kane‘ohe,
Ko‘olaupoko, on Ka‘elo 13, 1737, corresponding to our January. The two hosts
met, splendidly dressed in cloaks of bird feathers and in helmet-shaped head
coverings beautifully decorated with feathers of birds. Red feather cloaks were to
be seen on all sides, both chiefs were attired in a way to inspire admiration and
awe, and the day was one of rejoicing as that of the ending of a dreadful conflict.
The canoes were lined up from Ki‘i at Mokapu to Naoneala‘a and there on the
shore line they remained, Alapa‘i alone going on shore. The chiefs of Oahu and
Kaua‘i, the fighting men, and the country people remained inland, the chief Pele-
i0-holani advancing alone. Between the two chiefs stood the counselor Na-‘ili,
who first addressed Pele-io-holani saying, “When you and Alapa‘i meet, if he
embraces and kisses you let Alapa‘i put his arms below yours, lest he gain the
victory over you.” This is to this day the practice of the bone-breaking wrestlers at
Kapua and at Naoneala‘a. Alapa‘i declared an end of war, with all things as they
were before, the chiefs of Maui and Molokai to be at peace with those of Oahu
and Kaua‘i, so also those of Hawaii. Thus ended the meeting of Pele-io-holani
with Alapa‘i. (Kamakau 1992:72)

3.1.2 Keana “Ili

Keana translates as “the cave” (Pukui et al. 1974:103). The following account describes a
spring, named Kinikailua-Manokaneohe, located in the /i of Keana, near the Kane‘ohe Bay
shoreline:

This story comes through Judge Kellett who says that an old resident of Kaneohe
told it to him. Down by the shore of the bay (the strip of land now owned by the
YWCA) there was and is a spring right amidst the banana grove just before you
reach Kokokahi. This spring was supposed to have medicinal virtue and people
from all over Koolau came there to drink for various ailments. They were a war-
like people in the olden days and each district had its chief who warred on his
neighboring ruler on the slightest provocation. The kahunas over at Kokokahi
(Keana) sided with the Kaneohe people and had no love for those of Kailua.
Hearing that a considerable detachment from Kailua were coming to the spring,
they prepared a very inhospitable welcome. They poured down into the spring a
quantity of this poison and it worked. The destruction was considerable, “ma-no”
(literally 4,000). Now the kahunas neglected to inform their own people--those of
Kaneohe--of the libation they had poured out and all unsuspecting the Kaneohe
people came over in large numbers for the medicinal drink. Many, many of them
died. “Ki-ni” (literally 40,000). (The Friend 1937:150, cited in Sterling and
Summers 1978:211)

3.1.3 Kalaheo, Mahinui, Pa‘alae, Pu‘ahu‘ula, Mala‘e, and ‘Aikahi ‘Ili

Little information specific to the remaining ‘/i in the vicinity of the current project area is
available. Kalaheo translates as “proud day” (Pukui et al. 1974:73). Mahinui translates as “great
champion,” with the land area named for a legendary hero (Pukui et al. 1974:138). Mahinui was
known as a “regular place of rest for the travelers, called oioina by the ancients” (Hoku o
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Hawai i 1925, cited in Sterling and Summers 1978:211). No translation was found for Pa‘alae.
Pii‘ahu‘ula translates as “the feather-cloak spring” (Pukui et al. 1974:100). Mala‘e translates as
“clear” (Pukui et al. 1974:143). ‘Aikahi translates as “eat scrap (as the sides of a poi bowl; thus,
to eat all)” (Pukui et al. 1974:7).

3.1.4 Mokapu Peninsula
The Mokapu Peninsula is associated with the creation of the first person.

There on the eastern flank of Mololani, facing the sunrise and near the shoreline,
the soil is red earth mingled with very dark bluish black earth. There is where the
first man was made. That place was called in the old times Kahakahakea, but in
these days it is Pahuna. There Kane drew the image of a man in the soil; he drew
the image in the soil after the likeness of the Gods, with head, body, arms, legs,
just like themselves in form. When the image was drawn in the soil Kanaloa said,
“You will not get your man; you have not the power; I am the person who has
power.” Kanaloa therefore made an image of earth just like Kane’s image. Kane
and his companions said, “Let your earth become man,” but no man came forth;
his dirt figure of a man remained lying there and it turned into stone. Kane then
said to his fellow gods, Ku and Lono, “Listen, you two, to my words and to the
words I speak in answer and do you two preserve them and listen.” Then Kane
said, “Come to life,” “Live,” responded Ku and Lono “Come to life,” said Kane,
“Live,” said Ku and Lono. Then the dirt became a living man.

When the first man was made, the gods took the house name Hale-kou (House of
kou wood) which they had made, and there the first man lived; but the woman
was not made. The man observed how his shadow followed his body going
outside the house and coming into the house, and he ran to the beach of Nu‘upia
and Oneawa and found to his surprise that his shadow stuck to him. Now when
this man had fallen asleep, as he awakened suddenly a pretty woman was at his
side and he thought it was his shadow that was sticking to his side and that God
had changed his shadow into a wife for him. He therefore gave her the name of
Keakahulilani (the shadow made of heaven). This means that God had turned the
soil of the earth into man. In various genealogies we often find other names given
to this man; in some genealogies he is named Kumuhonua, in others Kulipo, in
others again, Kumuuli, and in some Hulihana. (Kamakau, Moolelo o Hawaii
(circa 1840), Chap I, in Sterling and Summers 1978:216)

The Mokapu Peninsula and the waters surrounding it were once held by Hawaiian royalty:

Here, in the 16th century, the royal palace of King Peleiholani was the scene of
gay court pageantry. His impressive estate sat in the area adjacent to Nuupia fish
pond, and bordering Kaneohe Bay.

In the following century, Kamehameha the Great (the Lonely One) selected the
site for use as a royal meeting place with his aliis. It became “the sacred land of
Kamehameha,” from whence the peninsula got its name. The name was originally
Moku-kapu, and is derived from two Hawaiian words. Moku is a small island or
peninsula, and kapu means sacred or keep out...
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The sea around Mokapu peninsula was tabu in olden days. The right to fish was
given only to the high chiefs and servants of the King.

These fishing grounds were called ko‘a. Fishing was confined to certain types of
fish native to certain sections of the ocean. Persons were assigned to areas with
the task of feeding the fish two or three times a week. Seaweed would be gathered
up in baskets and taken to the fishing grounds in canoes. It was hoped that by this
treatment the fish would remain in the area, and be available for consumption
when needed.

When an important person and his retinue were expected or a feast planned,
selected fishermen would carry specially prepared food to the grounds. The food
was concoction of seaweed mixed with crushed candle nuts [kukui], a type of nut
that has an extremely laxative effect. Two days before the occasion, the fish were
fed the mixture with the result they expelled all food matter from their systems.

The next day, fishermen threw their nets and baited hooks over the sides of their
canoes and were rewarded with schools of hungry fish. The fish were so hungry
that placing a finger in the water was an invitation to having it bitten. This type of
fishing is as old to the Hawaiians as their culture. (Fiddler 1956:2)

Fiddler (1956:3-4) notes that

Mokapu peninsula was sub-divided into six sections. The tip of the left lobe of the
peninsula was called Mokapu and was in the Heeia Section, while Heleloa,
Kuwaaohe, Ulupau, Halekou-Kaluapuhi, and Nuupia, rested in the Kaneohe
district.....Nuupia was considered to be a separate piece of property and did not
automatically become assigned with the adjacent land. It was assigned
individually like the ili.

Fiddler (1956:13) continues, explaining that Kaluapuhi was a large fishpond that was once
located within the inland extent of the Mokapu Peninsula:

Today, it is referred to as Nuupia fish pond, but in the earlier days of the century,
the area was covered by 297 acres of water, an area which embraced three fish
ponds, Halekou and Nuupia to the left of the present road, and Kaluapuhi on the
right.

Journeying further back into history reveals the entire area was once the site of
one gigantic fish pond known as Kaluapuhi. It was the property, of royalty who
resided on its shores, and was strictly tabu to all others.

Halekou and Nuupia are said to be enlargements of this original pond. Legend has
the watery expanse of Kaluapuhi being guarded by an eel which, in Hawaiian
lore, was a mermaid who watched over the royal fish ponds. It formed the pond
by burrowing its way across the mile-wide neck of Mokapu, seeking a shorter
passage from Kaneohe Bay to Kailua Bay. The eel was singled out as the
guardian of fishponds in Hawaii because it was considered as having the inherent
and natural right to perform this function. (Fiddler 1956:13)
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The Nu‘upia fishpond, located just north of the Kailua WWTP (Figure 9), was named for the
starch trees that once grew in the vicinity:

At one time, Nuupia fish pond was completely surrounded by groves of starch
trees, from which it derived its name. These trees were actually huge plants with
large leaves, and bore a large bulbous, potato-like growth, about the size of a
watermelon. The juice from this plant was extracted and used for the mothers of
breast-fed infants. It stimulated the flow of milk from the mother’s breasts. The
remainder was used in the making of starch. (Fiddler 1956:14)

Fornander (in Sterling and Summers 1978:214) also relates that:

Nuupia was the father and Halekou the mother of Puniakaia. The parents of
Puniakaia were of the royal blood of Koolauloa and Koolaupolo...

Halekou after this went out accompanied by the chiefs, until they came to the pool
where Uhumakaikai made its home. (Uhumakaikai was the parent of all fishes.)
This pool is at Nuupia to this day.

PHRI’s (1995:26) research details Nu‘upia Pond oral histories collected in 1939 by Kenneth
Emory and Mary Pukui for the Bishop Museum:

Nuupia pond is a very large one and on one side is a smaller pond used for salt
evaporation. This pond is called Kapoho. The tallest peak on Mokapu is called
Puu-o-Kaha’i. A man by the name came to Mokapu from Lahaina, Maui, in the
olden days. Before he died, he asked to be buried there. His last resting place is
known as Kahai’s hill.

Below at the hill stands a house at a place called Ka-lua-puhi or Eel’s pit. This is a
hole where many eels were caught. When foul smelling fish were let down here,
the eels came up and were caught. She used to catch eels here in her youth. The
land back of Nuupia is called Malaea. (HEN 1:1314-1318 in PHRI 1995:26)
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3.2 Historical Background

3.2.1 Pre-Contact Period

The ahupua ‘a of Kane‘ohe was prosperous and densely populated in pre-contact times. With
fresh water from mauka springs and perennial streams, as well as a well-developed fishpond
system, Kane‘ohe was rich in agricultural and aquacultural productivity, and one of the primary
population centers on O‘ahu:

...along the windward coast, beginning with Waikane and continuing through
Waiahole, Ka‘alaea, Kahalu‘u, He‘eia, and Kane‘ohe, were broad valley bottoms
and flatlands between the mountains and the sea which, taken all together,
represent the most extensive wet-taro area on Oahu. These taro lands were
irrigated from both streams and springs. Along the shores thereabouts were also
some very large salt-water fishponds. This whole region must have supported a
dense population...

The area that included what is now Kane‘ohe and Kailua, which was rich in
fishponds and tillable lands, was the seat of the ruling chiefs of Ko‘olaupoko
(Short Ko‘olau) which was the southern portion of the windward coast. (Handy
and Handy 1972:271-272)

Nathaniel Portlock, captain of the British vessel King George, provided the following
description of Kane‘ohe circa the late 1780s, shortly after western contact:

The [Kane‘ohe] bay all round has a very beautiful appearance, the low land and
valleys being in a high state of cultivation, and crowded with plantations of taro,
sweet potatoes, sugar cane, etc., interspersed with a great number of coconut
trees, which renders the prospect truly delightful. (Portlock 1789:74, cited in
Handy and Handy 1972:455)

Pre-contact land use in Kane‘ohe consisted primarily of plantations of kalo (taro), bananas,
sweet potatoes, and coconut trees, as well as groves of hala (pandanus; used for making
household furnishings such as mats) and wauke (paper mulberry; used for making cloth) (Handy
and Handy 1972:456). Handy and Handy (1972) describe how the natural environment of
Kane‘ohe was conducive to development of a complex agricultural system:

The broken topography of Kaneohe arranges the areas of flatland like chains of
pockets connecting along its stream channels between hills. On the north side of
the ahupua‘a near the boundary of He‘eia, Kea‘ahala Stream flows into
Kalimukele, coming out of He‘eia. Some of the best /o still in use in 1953,
mauka of the highway, were irrigated by Kea‘ahala, and a large old /o 7 system
once extended downstream below the highway. An elaborate system of water
rights prevailed in ancient times throughout these sections irrigated from
Kea‘ahala.

The other streams—Wailele (formerly Pani‘ohelele), Hi‘ilaniwai, Kahuaiki,
Mamalahoa—Ilikewise watered many taro /o ‘... Hi‘ilaniwai is a very long
stream, with its origin in the slopes that drain Pu‘u Lanihuli, the peak that flanks
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the northern side of the Nu'uanu Pali road and the southern boundary of Kaneohe.
In fact all of the ahupua ‘a is like a vast green amphitheater below the serrated
sheer cliffs that extend from Pu‘u Lanihuli northward to Ha‘iku Valley and
known as the Ke-ahi-a-Kahoe (Fires-of-Kahoe) Cliffs. As the ground rises steeply
from the stream beds along their upper courses, there is little evidence of
systematic terracing observable in these areas, as might have been expected. The
lowland areas were so extensive that evidently the more laborious terracing of the
interior slopes was not regarded by the early Hawaiians as necessary.

The kula lands between the streams were planted in pandanus, wauke, bananas,
and sweet potatoes. Kalo malo ‘o (dry-taro) was not planted here. The number of
names of ‘i/i and kuleana on kula lands along the Hi‘ilaniwai and its tributaries,
however, indicates intensive cultivation of products other than taro, and the
abundant rains sweeping down from the cliffs made such cultivation profitable.
(Handy and Handy 1972:455-456)

In general, lands suitable for development of /o i (irrigated terraces) were located along main
streams and coastal lowlands (Devaney et al. 1982:36) such as Kane‘ohe WWPTF. Lo
development required diversion of stream water for irrigation, and construction of terraces to
pond the water:

...this [taro] root, the principal food of the inhabitants of these Islands, grows
only in low, well watered places, and where no such places are provided by nature
the natives frequently with great difficulty make excavations so that water may
collect in these basins which frequently are several ells deep. (Billie Ms.:131,
cited in Devaney et al. 1982:35-36)

In addition to the extensive agricultural cultivation, the people of Kane‘ohe Bay sought the
bountiful marine resources:

...the sea adjoining an ahupua ‘a [Kane‘ohe] was considered to be an extension of
that ahupua ‘a; its resources were shared by the chief and all of the tenants
(hoa ‘aina) living in the ahupua‘a. Access to the sea was part of the mauka-makai
concept, which made the products of land and sea available to the people living in
the ahupua ‘a. (Devaney et al. 1982:135)

Just as the land-based resources of the ahupua ‘a were managed through subdivision into /i, the
marine resources of the ahupua‘a were also partitioned, with discreet fisheries associated with
the ‘li along the Kane‘ohe Bay coast (see Figure 8). In addition to shoreline and offshore
fishing, fishponds were constructed along the Kane‘ohe Bay shoreline to provide regular
supplies of fish to the inhabitants of the ahupua ‘a:

Shoreline fishing is highly susceptible to the vagaries of weather and surf
conditions. With walled fishponds, Hawaiians provided for themselves a regular
supply of fish when other types of fishing were not possible or yielded an
insufficient supply. The fringing reefs along the shoreline of Kaneohe Bay were
ideal for the type of walled fishponds that extended out from the land.
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Mullett, one of the world’s most important food fishes, was the most common
species raised by Hawaiians in their fishponds; awa (milkfish) followed a close
second. (Devaney et al. 1982:140)

Several fishponds were located in the vicinity of the current project area (see Figure 8),
including (from west to east): Waikalua Loko (just north of Kane‘ohe WWPTF), Waikala‘a,
Keana, Mikiola, Kaluoa, Mahinui, Kea‘alau, Hanalua, Papa‘a, and Nu‘upia (just north of Kailua
WWTP) (McAllister 1933; Devaney et al. 1982:147). Kamakau relates the number of fishponds
in an area to the population that would have been necessary for their construction:

The making of walls (kuapa) of the shore ponds was heavy work, and required the
labor of more than ten thousand men...

Many loko kuapa were made on Oahu, Molokai and Kauai, and a few on Hawaii
and Maui. This shows how numerous the population must have been in the old
days, and how they must have kept the peace, for how could they have worked
together in unity and make these walls if they had been frequently at war...? If
they did not eat the fruit of their efforts how could they have let the awa fish grow
to a fathom in length; the ‘anae to an iwilei, yard...? (Kamakau 1976:47, cited in
Devaney et al. 1982:142)

3.2.2 Early Historic Period to Mid 1800s

In 1795 Kamehameha, at that time the Hawai‘i Island chief, invaded O‘ahu to secure control
of the islands of O‘ahu, Moloka‘i, and Lana‘i after his successful conquest of Maui. The O‘ahu
Island chief Kalanikiipule, Moloka‘i Island chief Ka‘iana, and their forces met Kamehameha’s
army in the valley of Nu‘uanu. The following account describes the final stages of the battle at
the Nu‘uanu Pali, the knife-edge ridge along the Ko‘olau Range separating Nu‘uanu from
Kane‘ohe Ahupua‘a:

The forces of Kamehameha charged; in the onslaught many of the Oahuans were
slain, and the rest pursued with great slaughter until they were driven to the end of
the valley, which terminates in a precipice of six hundred feet, nearly
perpendicular height, forming a bold and narrow gorge between two forest-clad
mountains. A few made their escape; some were driven headlong over its brink,
and tumbled, mangled and lifeless corpses, on the rocks and trees beneath; others
fought with desperation and met a warrior’s death, among whom was
Kalanikupule, who gallantly contested his inheritance to the last. (Jarves 1872:85)

Kamakau (1992:172) offers an alternate fate for Kalanikiipule, noting that he escaped to the
mountains with some of his men for several months, but was later discovered and sacrificed to
Kamehameha’s war god Kika“‘ilimoku.

Following the conquest of O‘ahu by Kamehameha, the lands of the island were divided
between Kamehameha and his followers. Likely due to its agricultural and fishery productivity,
Kane‘ohe Ahupua‘a was seen as the “most valuable part” of the Ko‘olaupoko District (Kamakau
1992:303). Kane‘ohe Ahupua‘a was retained by Kamehameha as his personal property, and was
later inherited by his sons Liholiho and Kauikeaouli, Kamehameha II and III (Kame‘eleihiwa
1992:233).
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In the early 1800s, there were three primary routes to Windward O‘ahu from the growing
town of Honolulu. These were:

...around the island by canoe; through Kalihi Valley and over the pali by ropes
and ladders (Graham 1826:142); and over the Nuuanu Pali, the easiest, quickest,
and most direct route. (Devaney et al. 1982:163)

The trail over the Nu‘uanu Pali was a heavily utilized transportation corridor since it allowed the
people of Windward O‘ahu to bring their agricultural products to Honolulu for sale. The
Reverend Reuben Tinker described his trip over the Nu‘uanu Pali in 1831:

It seemed to me a sublime pass, yet almost too fearful to be enjoyed, for though
not unaccustomed to hills, and the ups and downs of life, I suffered from
apprehension lest I should fall from the rocky steep. I took off my shoes and by
setting my feet in the crevices of the rocks, I worked myself along, assisted by a
native, who saw nothing to wonder at but my awkwardness and fear on passing
this grand highway, though to them common. The natives do not think it is either
wonderful or difficult; it is the main road connecting the opposite sides of the
island, and men and women are going up and down with their ordinary burdens
on their shoulders, and in their arms, such as bundles of taro and potatoes,
calabashes of poi, fowls, goats and pigs. Mothers were passing along the most
precipitous places with their children on their shoulders, as careless of danger as if
they were on a level plain... (Tinker 1901:88, cited in Sterling and Summers
1978:225)

Traditional agricultural practices, including wetland taro cultivation, continued to dominate
land use in Kane‘ohe in the early years following western contact, although to a lesser degree.
Introduced diseases dramatically reduced the native Hawaiian population to a fraction of its pre-
contact level:

In the reign of Kamehameha, from the time I was born until I was nine years old,
the pestilence (mai ahulau) visited the Hawaiian Islands, and the majority (ka pau
nui ana) of the people from Hawaii to Niihau died. (Malo 1839:125, cited in
Devaney et al. 1982:8)

Agricultural lands were subsequently abandoned due to the decrease in population. In 1828,
the missionary Levi Chamberlain embarked on a tour around the island of O‘ahu to determine
the progress occurring at schools established to educate native Hawaiians. During his tour,
Chamberlain (1828:26) made observations of the landscape and people around the island
commenting on the “present neglected state” of formerly cultivated agricultural lands:

[The natives] ascribed it to the decrease in population. There have been two
seasons of destructive sickness, both within the period of thirty years, by which,
according to the account of the natives, more than one half of the population of
the island was swept away. The united testimony of all, of whom I have ever
made any inquiry respecting the sickness, has been, that “Greater was the number
of the dead than of the living.”

...it may, I think, be safely asserted, that since the discovery of these islands by
Cap. Cook there has been a decrease of population, by desolating wars, the
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ravages of disease and other causes, of at least one half of the number of
inhabitants that might have been fairly estimated, at the time that celebrated
voyager last visited these islands. (Chamberlain 1828:26)

3.2.3 The Mahele (Land Divisions)

In 1845, the Board of Commissioners to Quiet Land Titles, also called the Land Commission,
was established “for the investigation and final ascertainment or rejection of all claims of private
individuals, whether natives or foreigners, to any landed property” (Chinen 1985:8). This led to
the Mahele, the division of lands between the king of Hawaii, the ali i (chiefs), and the common
people, which introduced the concept of private property into the Hawaiian society. In 1848,
Kamehameha III divided the land into four categories: certain lands to be reserved for himself
and the royal house were known as Crown Lands; lands set aside to generate revenue for the
government were known as Government Lands; lands claimed by alii and their konohiki
(supervisors) were called Konohiki Lands; and habitation and agricultural plots claimed by the
common people were called kuleana (Chinen 1985:8-15).

Kamehameha III inherited Kane‘ohe, and retained the bulk of the ahupua ‘a during the
Mahele. Following the death of Kamehameha III in 1854, his wife, Queen Kalama
(Hakaleleponi), retained their Kane‘ohe lands (Land Commission Award [LCA] 4452). Along
with the ahupua ‘a of Kailua and Hakipu‘u, Kane‘ohe was seen as “her most valuable ‘Aina...all
in the fertile, well-watered district of Ko‘olaupoko” (Kame‘eleihiwa 1992:264). Several ‘ili in
Kane‘ohe were subsequently awarded as Konohiki Lands to the ali 7, and those with close ties to
the royal family. The title to the /i typically included ownership of the ‘/i’s fishpond and
offshore fishing rights (Devaney et al. 1982:143). High-ranking ali i were awarded entire /i,
while lesser konohiki were awarded half of an ‘i/i each (Kame‘eleihiwa 1992:269, 279). In
addition to Queen Kalama, 14 konohiki LCAs were awarded for Kane‘ohe lands (Kelly 1976:7).

An 1876 map of Kane‘ohe (see Figure 8) shows the Crown Lands, Government Lands, and
large LCAs distributed to the ali 7 and konohiki in the vicinity of the current project area. The /i
of Waikalua was designated as Crown Lands, and the /i of Pa‘alae was designated as
Government Lands. The ‘i/i of Malae and ‘Aikahi were awarded to Queen Kalama (LCA
4452:13). No land use information was provided in the land commission testimony. Mahinui ‘Ili
was awarded to Kapu (LCA 6400), and Puahu‘ula ‘Ili was awarded to Luisa Kealoha (LCA
7587). No land use information was provided in the land commission testimony for these awards.
The li of Kalaheo was designated as Grant 1106 to Kokoahe. No land use information was
provided in the grant testimony.

William Harbottle, a part-Hawaiian with close ties to the King, was awarded the /i of Keana
(LCA 2937). Testimony associated with Harbottle’s claim for Keana ‘Ili indicated he had
received the land from Kamehameha III (N.R. Vol. 3: 701-702), with land uses including /o ‘i
and kula. Testimony also indicated the presence of sand dunes along the shoreline, and that
Harbottle lived on the land since 1833. The 1876 map of Kane‘ohe (see Figure 8) indicates a
house near the shore, along with a fishpond (“Loko Keana”).

The lands awarded as Crown Lands and Konohiki Lands, as well as lands designated as
Government Lands, were “subject to the rights of native tenants” (Chinen 1958). The Kuleana
Act of 1850 “authorized the Land Commission to award fee simple titles to all native tenants
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who occupied and improved any portion of Crown, Government, or Konohiki Lands” (Chinen
1958:29). Surveyor C.J. Lyons stated:

Small tenants were permitted to acquire a full title to the lands which they had
been improving for their own use...for it was the labor of these people and their
ancestors that had made the land what it was. (Lyons 1875:127, cited in Devaney
etal. 1982:22)

One hundred seventeen kuleana land claims were awarded in Kane‘ohe Ahupua‘a, with the
average award being approximately 2.4 acres (Kelly 1976:8). Testimonies associated with the
Land Commission Awards (LCA) indicated the primary land use for the claimed lands was /o ,
irrigated fields used for cultivating taro (Kelly 1976:8). Testimonies also indicated land uses
such as: growing breadfruit, coconut, hala (Pandanus tectorius), gourds, melons, ‘ape (Alocasia
macrorrhiza), pia (Tacca leontopetaloides), pineapple, and banana; salt ponds; and kula
(pasture) for raising animals (Devaney et al. 1982:23). The 19 LCAs in the vicinity of the current
project area are listed in Table 1 and indicated on Figure 10. Note that multiple apana [parcels]
for two LCAs (26282, 4486) are within the project area. LCA testimonies indicate these land
claims were primarily for /o ‘i, house lots, and fishponds.

Coulter’s (1931) population density estimates for 1853 (Figure 11) show that approximately 700
people lived near the coast of Kane‘ohe Ahupua‘a, which was one of the more densely populated
areas on O‘ahu. While both the Kane‘ohe WWPTF and the Kailua WWTP vicinities are shown
as densely populated, no kuleana land claims were awarded near Kailua WWTP. The Nu‘upia
Fishponds in the vicinity of Kailua WWTP are the likely explanation for the concentrated
population.

The Kane‘ohe WWPTF portion of the project area is located in a low-lying area between
Kane‘ohe and Kawa Streams, immediately inland of the Waikalua Loko Fishpond. This well-
watered coastal flat, known as the “Waikalua Swamp,” was an area of intensive traditional
agricultural development (i.e. /o 7). An 1896 map (Figure 12), shows the dense cluster of LCAs
in the “Waikalua Swamp” area. As the “Waikalua Swamp” area was such a productive locale,
the less productive /i in the vicinity (i.e. ‘i/i without reliable sources of fresh water) had lele
(land parcels separate from, but under the jurisdiction of, the main ‘i/i lands) in the “Waikalua
Swamp.” As such, claimants that may have resided in other ‘i/i in the Kane‘ohe Bay area tended
to have their /o 7 in the “Waikalua Swamp” area.
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Table 1. Land Commission Awards (LCA) Within Kane‘ohe WWPTF
LCA # ‘i Claimant Land Use Awarded
1899 Pu‘uiki, Opunui Lo i, house lot 3 ‘apana
Kaluapuhi, Pakui
1995 Punalu‘u Nuole Lo i, house lot 2‘apana
2060 Pu‘uiki, Kaulakoa Lo i, house lot 4 ‘apana
Waikalua
2444 Kalokoai Keawekukahi Lo i, fishponds 3 ‘apana
2628 Waikalua Paele Lo i, house lot, 3 ‘apana
fishpond
2941 Opu‘upao, Kapu, | Kekalei Lo i, house lot 3 ‘apana
Pua‘ai, Punalu‘u
3344 Keana, Mikiola, | Naiwicha Lo i, house lot, 1 ‘apana
Punalu‘u hala trees
3692 B Waikalua Keaka Lo i, house lot 4 ‘apana
3706 B Kaluapuhi, Nawai Lo‘i 1 ‘apana
Keana
3707 B Kaloioai Keawe Lo‘i 1 ‘apana
4217 Malae, Waikalua | Kaula Lo i, house lot, 4 ‘apana
kula, fishpond
4481 Keana, Waikalua | Honuaiwa Lo ‘i, house lot, 4 ‘apana
kula
4486 Mahinui Kane Lo 4 ‘apana
8892 Keana, Pu‘uiki, Kumoenahulu Lo i, house lot 2 ‘apana
Waikalua
9639 Waikalua, Kaniau Lo i, house lot 4 ‘apana
Keana, Punalu‘u
10202 Pu‘upao, Mikiola | Makakea Lo i, house lot, 3 apana
fishpond
10605* Mikiola Iona Pi‘ikoi Not stated ‘Ili of Mikiola
10668 B Mahinui, Mikiola | O‘opa Lo i, house lot, 1 ‘apana
kula, fishpond
10739 Kalokoiai Pa Lo i, house lot 1 ‘apana
* - Konohiki Award
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Figure 12. 1896 map of Waikalua Swamp (RM 1936), M.D. Monsarrat, surveyor, showing LCAs
within and adjacent to Kane‘ohe WWPTF; Kane‘ohe Stream is to the north and Kawa
Stream is adjacent to Kane‘ohe WWPTF’s southern boundary
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Mid 1800s to early 1900s

The mid-19th century brought great changes to Kane‘ohe Ahupua‘a, including private and
public land ownership laws during the Mahele, commercial rice and sugar cultivation, and
ranching. Agricultural cultivation and ranching established the region as a source of market
resources for Honolulu and beyond. Fishponds also became commercial entities during this
period.

3.2.3.1 Sugar

One of the earliest sugar plantations on O‘ahu was owned by Charles Coffin Harris, who
came to Hawai‘i in 1850, planning to practice law. He established the Kane‘ohe Sugar Plantation
Company (circa 1865) on 7,000 acres of Queen Kalama’s land (Dorrance and Morgan 2000:41).
In 1871, Harris bought Queen Kalama’s Ko‘olaupoko properties from her heir, Charles Kanaina,
as well as some land in Honolulu for $22,448. The sale included “...livestock, tools, fishponds,
and fishing rights” (Bureau of Conveyances Records Book 34:53, in Devaney et al. 1982:29); the
fishponds of Waikalua Loko and Keana, adjacent to Kane‘ohe WWPTF were part of this sale. C.
C. Harris’s plantation closed in 1891 since the sugar yield was not enough to support the
operation (Dorrance and Morgan 2000:41). Harris’s daughter and heir, Mrs. David Rice,
incorporated the lands as Kaneohe Ranch and converted them to stock farming. James B. Castle
purchased a large block of their land holdings in 1907 (Montgomery 1971, cited in Dorrance and
Morgan 2000:42).

3.2.3.2 Rice

Rice cultivation was to eventually supersede taro and dominate the lowlands of Kane‘ohe.
The ancient taro /o 7 and ‘auwai irrigation systems were used and additional new ditches were
built to support rice cultivation. During the height of rice cultivation (circa 1880-1920), Chinese
dominated the business. “To a great extent the rice business, growing and milling was controlled
by Chinese Aui (firms), which recruited laborers from China, handled investment capital from
rich absentee landlords, and tallied profits” (Devaney et al. 1982:49). By the late 1880s, virtually
the entire floodplain areas of Kane‘ohe were under rice cultivation. In 1892-1893, the Kaneohe
Rice Mill was erected and began production on property adjoining Waikalua Stream, mauka of
the Kane‘ohe WWPTF portion of the project area. A flume brought water from the river to the
rice mill. About twice a week a steamer came into Kane‘ohe Bay to pick up and transport rice to
market in Honolulu (Ching, personal communication, in Allen et al. 1987:295).

By the 1920s, rice had gradually declined in importance due to a number of factors. Two of
the primary reasons for this decline were the beginning of rice production in California and the
“annexation of Hawaii by the United States in 1898 [which] resulted in restrictions on the
number of Chinese laborers arriving from the Far East” (Devaney et al. 1982:53). However, rice
as well as some taro cultivation, continued up to circa 1960.

3.2.3.3 Pineapple

The commercial cultivation of pineapple in Kane‘ohe began in the 1890s and the first decade
of the 20" century. From approximately 1910 to 1925, pineapple cultivation was a major
industry in this area. In 1911, the company of Libby, McNeill and Libby built a pineapple
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cannery in He‘eia. At its peak, 2,500 acres were under pineapple cultivation on Windward O‘ahu
(Harper 1972) stretching from Kane‘ohe to Kahalu‘u. Most of the pineapple lands in Kane‘ohe
were “located below the Pali where the golf course, Hawaii Loa College, and the Hawaiian
Memorial Park are today” (Kelly 1987:295-296). A heiau, Kaualauki Heiau in He‘eia, was
mostly destroyed by pineapple field clearance during this time — a likely fate of many
archaeological sites (Kelly 1987:295-296). In 1919, the Kaneohe Ranch Company and Heeia
Agricultural Co., Ltd. leased 1000 acres of land in He‘eia, Kane‘ohe, and Kailua, formerly
planted in sugar, to the Libby Company for a term of 17 years. In 1917, Libby leased an
additional 600 acres in He’eia (Libby, McNeill and Libby Ms:2, cited in Kawachi 1990). While
the rice fields that covered old taro lands were mainly located near streams and near the coast,
the pineapple fields were also grown on the slopes of higher lands, usually on land subleased to
individual Japanese farmers:

Pineapples were planted by individual Chinese and Japanese farmers on
moderately sloped hill land where rice and taro could not be grown...these areas
included the dissected alluvial terraces and the lower slopes and spurs of the
Ko‘olau range. (Miyagi 1963:115)

The change to the Windward landscape due to pineapple cultivation is illustrated by the
following passage from a 1914 magazine article:

At last we reached the foot of the Pali...Joe and I looked over the surrounding
hills, but looked in vain for the great areas of guava through which but a few
months ago we had fought and cut our way. As far as the eye could reach
pineapple had taken the place of the forest of wild guava. The newest industry in
Hawaii was beginning even to press upon the cane fields of this side of the island.
(Alexander 1914:318, cited in Devaney et al. 1982:62)

The pineapple fields were abandoned when Molokai and Lana‘i pineapple cultivation began
to boom, and Libby dissolved the Ko‘olaupoko enterprise (Kelly 1976:47). The cannery closed
in 1923 (Dorrance 1998:95), and most of the former pineapple land went to grass, some of which
was used to graze cattle. Several of the small farmers returned to rice cultivation at that time
(Kelly 1975:47).

3.2.3.4 Ranching

English Captain George Vancouver introduced cattle and sheep to O‘ahu in 1793 (Henke
1929:8), and by the 1840s, cattle had multiplied into a large herd (Devaney et al. 1982:70). At its
peak, Kaneohe Ranch extended from the ocean in Kailua to the Pali and included 12,000 acres
and 2,000 head of cattle (Henke 1929:62). By the mid-1860s, the cattle were so numerous as to
cause environmental degradation. Alien grasses and other species, such as pigeon peas, were
introduced to the area as cattle fodder (Henke 1929:62). Much of the land modification in the
upland and hilly portions of Kane‘ohe may be the result of heavy cattle grazing over a long
period of time.

A view from the Pali looking toward Kaneohe in 1854 revealed that there were
“hundreds of cattle...feeding on the rich pasture with which these plains were
covered” (Bates 1854:104). By the mid-1860s, we have an indication that
livestock was altering the landscape. The undulating plains at the foot of Nuuanu
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Pali (Kekele lands) were described as “a rich land a while ago but now there are
not many plants because animal are permitted there.” (Sterling and Summers
Ms.:207 in Devaney et al. 1982:70)

Cattle and horse grazing in Kane‘ohe, including Mokapu Peninsula, continued into the 1900s
(Fiddler 1956:1). “In those days [early 1900s] Mokapu was a grazing ground for resting the
horses. Twice a year a leader rides a horse and drives the horses from around the Bay out to
Mokapu” (Interview with Mrs. Polly Ching by Marion Kelly 1976, in Devaney et al. 1982: 72).

3.2.3.5 Fishponds

As previously mentioned, during the Mahele, fishponds were considered to be part of the land
to which they were attached. As such, the fishponds were typically designated as Crown or
Government Lands, or awarded to the ali 7 as Konohiki Lands. Some of the lands owned by the
government and ali‘i, along with the fishponds, were subsequently sold to entities with
commercial agricultural pursuits, such as sugar cane and pineapple cultivation, or ranching:

Once fishponds were declared private property, they were taxed by the
government along with the rest of the real property. When commercial agriculture
brought promises of high profits, few large landowners paid much attention to the
fishponds attached to their land holdings. They were satisfied to lease them to
Hawaiians or Chinese who had the technical knowledge necessary to properly
manage fishponds. Yet, when disaster struck, such as a break in the fishpond wall,
few lessees could afford the capital required to undertake repairs. As a result,
many fishponds deteriorated with the passage of time, and the practice of
aquaculture among the people, for all practical purposes, ceased. (Devaney et al.
1982:143)

By 1901 only 16 fishponds were present within Kane‘ohe Bay, perhaps less than half of the
fishponds that were present in the mid-1800s. Figure 13 shows Waikalua Loko Fishpond, and the
vicinity of the Kane‘ohe WWPTF in the early 1900s. By 1910, the area was under intensive rice
cultivation (Figure 14). Nu‘upia Fishpond was a very large fishpond at the time, as shown on the
1919 War Department Fire Control Map (Figure 15).

3.2.4 Early 1900s to Present

In 1917, two College of Hawaii professors visited Mokapu Peninsula. They noted the lack of
boundaries between land divisions and the “treeless pasture marked by cattle trails, with grazing
herds of horses, mules, and cattle.” At the time, the area was considered to be a “remote and
little-known region of Oahu. At Nuupia Pond they saw the “hovel” of a Chinese keeper. In 1917
the fishponds were largely operated by Asians” (Bowen 1974:131-132).

In 1918, a military reservation was built on the Mokapu Peninsula at Kane‘ohe Bay; Fort
Hase was commissioned and was known as the Kuwaahoe Military Reservation or Camp
Ulupau. Now known as the Marine Corps Base Hawaii (MCBH), the base helped lead to a boom
in commercial and residential development in and around Kane‘ohe.

A 1919 War Department map (Figure 15) shows an unpaved road extending along, and in
some cases in, Kane‘ohe Bay between Waikalua Loko Fishpond, and Nu‘upia Fishpond. Travel
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Figure 13. Waikalua Loko Fishpond, in the early 1900s (from Honolulu Star-Bulletin June 23,
2000)

Figure 14. Rice fields in the “Waikalua Swamp” area circa 1910 (Mid-Pacific Magazine Sept.
1913, in Devaney et al. 1982:53), showing the location of the Kane‘ohe WWPTF
portion of project area

Literature Review and Field Inspection, Kane‘ohe-Kailua Wastewater Conveyance and Treatment Facilities Project 35

TMK: [1] 4-4-003:015; 4-4-006:016; 4-4-007:025; 4-4-011:081; 4-4-012:067 4-4-014:049; 4-4-037:014; 4-5-030:036



9€0:0€0-S-¥ “FT10:LEO T ‘6507107~ L90:TT0-F¥ “180:110--¥ *STO:L00-F+ ©910:900-FF *S10:€00--+ [1] SINL

9¢ 109014 SONI[IOE ] JUSUIEIL ], PUB JOUBAIAUO)) IOJEMIISEA\ ENJIED-OU0,0U.Y] ‘U0NIadsu] PIoT] PUB MIIADY SINJeIN T

1X9) Y} Ul pasSnosIp
saInmedJ pue eale 300foxd oy Surmoys ‘soj3ueipenb ofeuewiie A\ pue dyoauey ‘dejy [01u0) 11 Juswiredd Jep\ ‘ST 6161 ST 231

[— =]
124 0002 000'b <

0 N

|BULN] 18MOS e

ueys sse00y |epusied {7 7/

ealy o9foid

o18asay punoidyoeg 1 FHOANV 9p0D qof I,Ieme}] sKoAng [exnyn)



Cultural Surveys Hawai‘i Job Code: KANEOHE 14 Background Research

by boat or traveling on foot from the project area vicinity was the usual means of transportation
until cars were commonly owned (Fanning 2008:88-89).

The extensive grazing and agricultural uses of the inland areas of Kane‘ohe increased erosion
and infilling of near shore marine environments, including fishponds. Waikalua Loko’s walls
were reconstructed in 1930, although the fishpond retained its original configuration. Three
mortared makahda (gates) were also added at that time (Devaney et al. 1982:146-147). In the
1960s Mr. Koyama, the fishpond operator, was harvesting 100 pounds of mullet each month
(Dashiell 1995:9). In addition to being a bountiful source of fish, in 1976 oysters were being
cultivated in Waikalua Loko (Devaney et al. 1976:145).

Devaney et al (1982:147) note that Nu‘upia Fishpond was modified in the 1940s and
“recently” (1982). The pond measured 215 acres (Cobb 1902) in 1901 and by 1982 consisted of
180 acres. Local Japanese (Little-neck) clams (V. philipinarum) were introduced into various
ponds along Kane‘ohe Bay between 1920 and 1939, and Nu‘upia Fishpond was well-known as a
desirable clamming destination during the September to October season. However, in 1969 soil
erosion caused a “massive wipe-out of the transplanted Japanese little-neck clams” (Honolulu
Star-Bulletin June 13, 1969 in Devaney et al. 1982:101).

In the post-World War II years, the dairy industry rose to prominence over beef cattle
ranching. The shortage of available land due to urban expansion, the shortage of fee simple land,
and the high price of land leases forced farmers in the dairy districts near Honolulu (e.g., Koko
Head) to relocate to more remote areas of O‘ahu (Durand Jr. 1959:241). In the 1950s, Kailua-
Kane‘ohe was an important dairy district of Windward O‘ahu. Dairy farming was dominated by
Caucasians particularly of Portuguese and Spanish ancestry, and secondarily Japanese, farmers
(Durand Jr. 1959:235). “Among the names of island dairymen, illustrating the Portuguese-
Spanish-Mainland importance...are...Brazil, Carlos, Campos, Costa, Ferreria, Foster, Freitas,
Knowles, Medeiros, Moniz, Ornellas, Rapoza, Santos, Toledo, Vause and White” (Durand Jr.
1959:235). This period, however, was relatively short-lived as the opening of the Pali route,
exorbitant land prices in Honolulu, and more automobiles on O‘ahu contributed to rapid
urbanization in Kailua-Kane‘ohe (Durand Jr. 1959:244-245). Many landowners decided to
develop their land for suburban housing and terminated leases with farm leaseholders.

By the end of World War II, ranching was no longer economically viable for Kaneohe Ranch,
so the ranch became primarily a landlord to other farmers. Following the war, residential
developments began to changed the face of Kane‘ohe Ahupua‘a. The opening of the Wilson
Tunnel and the expansion of the Pali Highway in the 1950s and 1960s — creating an easier
passage from Honolulu through the Ko‘olau Mountains to windward communities — lead the
way to a development boom on the windward side of O‘ahu. High tax rates on real estate sales
forced many old-time landowners to lease their land to residential developers rather than sell on
a fee-simple basis. Kaneohe Ranch at one time leased their land to over 5,000 single-family
residential lots in Kailua and Kane‘ohe. The vast majority of the leaseholds were later sold to the
lessees.

3.2.5 Recent Project Area Development

Figure 16 through Figure 19 are historic maps of the project area and vicinity showing a
general lack of development in the area until after the early 1950s. Urbanization and associated
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improvements such as flood control, road construction, and construction of the Kane‘ohe sewer
plant, extensively modified the Kane‘ohe WWPTF portion of the project area during this period.
The Kane‘ohe Sewage Treatment Plant was constructed in 1963. Bay View Golf Course,
adjacent to Kane‘ohe WWPTF was originally built in 1963 as a 9-hole course.

Kawa Stream, which formerly flowed into Waikalua Loko fishpond, was channelized in the
1960s and 1970s to flow into Kane‘ohe Bay. Kane‘ohe Stream, which had provided water for
lo i and later rice, was also channelized and dammed in the 1970s (Dashiell 1995:9).

Multiple upgrades have been made within the Kane‘ohe WWPTF. In 1978, the plant was
converted to a wastewater pump station; in 1994 it was converted to a preliminary treatment
facility; and in 1998, upgrades were implemented. The adjacent Bay View Golf Course was
redesigned and rebuilt in the late 1990s to include an 18-hole course, a miniature golf course, a
driving range, and lighting for night play.

The Kailua Wastewater Treatment Plant was originally constructed in 1965 for Kailua town
and its surrounding communities. In 1994, Kailua WWTP was expanded after Ahuimanu and
Kane‘ohe treatment plants were converted “to preliminary treatment facilities” (City and County
of Honolulu 2009). Nearby ‘Aikahi School and ‘Aikahi Shopping Center were built between
1960 and 1970.

Nu‘upia Fishpond is generally shown as one large fishpond on historic maps (see also Figure
9 and Figure 15). However, a 1954-1955 Army Map Service topographic map (see Figure 18)
and a 1978 aerial photograph (see Figure 19) show Nu‘upia Fishpond divided into several
separate fishponds. The Nu‘upia Fishpond Complex, designated as SIHP # 50-80-11-1002,
consists of eight fishponds that extend from Kane‘ohe Bay east to Kailua Bay and include
Halekou, Pa‘akai, Kaluapuhi, Nu‘upia ‘Ekani, Nu‘upia ‘Elua, and ‘Nu‘upia Ekolu. A “U.S. Fish
and Wildlife Service map of the Nu‘upia Ponds™ circa 1984 shows the locations of the eight
fishponds and their proximity to the “County Waste Water Treatment Facility”, the current
Kailua WWTP (Figure 20). Note that “Shrub Forest” is to the north and west of Kailua WWTP.
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3.3 Previous Archaeological Research

An overview of archaeological studies conducted in the vicinity of the current project area is
summarized in Table 2 and indicated on Figure 21. A discussion of these archaeological findings
relevant to each portion of the project area follows. Note that no previous studies have been
conducted within the vicinity of the proposed intermediate tunnel access shaft although extensive
excavations were conducted nearby during the construction of Interstate H-3.

Following the previous archaeological research discussion, burials previously found within
the vicinity of the project area are shown on Figure 22 and Table 4 provides data related to
burials found within the vicinity of the project area, as well as their distance from the current
project.

Table 2. Previous Archaeological Studies in the Vicinity of the Study Area

Reference | Type of Location Findings

Investigation
McAllister | Island-wide survey | Island wide Identified 4 historic properties in the
1933 vicinity of the study area: SIHP -359

(Pahukini Heiau), STHP -360
(Holomakani Heiau), SIHP -364
(Nu‘upia Fishpond Complex), and
SIHP -370 (Kawai Nui Marsh)

Davis et al. | Archaeological Kailua Effluent | Site 50-Oa-G5-67; subsurface cultural
1976 Investigations Force main; deposit containing 89 pre-contact
Ulupa‘u Dunes | traditional Hawaiian burials, fire pits,
artifacts, and midden.

Hammatt et | Archaeological Nu‘upia and Cross-section of fishpond wall dividing
al. 1985 Coring and Testing | Halekou ponds | Nu‘upia and Halekou ponds yielded
information on wall construction. Wall
was constructed of coral boulders and
cobbles procured from nearby reef
exposures. Test excavations just north
of the ponds yielded diverse shell
midden and basalt debitage associated
with stone tool manufacture.
Archaeological monitoring was
recommended for any future ground
disturbance in the vicinity.
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Reference | Type of Location Findings
Investigation
Clark and Archaeological Nani Pua Salvage excavations at Bishop Museum
Riford 1986 | Salvage Gardens II site 50-Oa-G5-101 (SIHP # -2937).
Excavations Subdivision Two human burials and additional
(TMK 4-5- fragmentary remains were found.
30:43) Reports '*C date of A.D. 1070-1405;
substantial discussion of lithic finds
Hammatt Subsurface 44-291A Subsurface testing documented the
1989 Reconnaissance Kane‘ohe Bay | presence of imported fill sediments and
Drive (TMK: naturally deposited marine clays atop
[1]4-4-007: 8, | limestone bedrock. No historic
10) properties identified. No further
archaeological work was recommended.
Tuggle and | Historic Property Kaneohe Survey undertaken to determine
Hommon Inventory Marine Corps whether previously identified historic
1986 Air Station properties were extant. Historic

properties previously identified and
relocated include: Mokapu Burials
(SIHP # -1017), ruins (SIHP # -2885)
and spring (SIHP # -368) near
Pu‘uhwai‘iloa, fishponds and salt works
(SIHP # -1002); ruins in He‘eia (STHP
# -2883)

Stride et al. | Inventory Survey Waikalua Road | No significant finds in eight backhoe
1994 and Subsurface (TMK 4-5-05: | trenches
Testing 1,2,12-14)3.3
acres at
shoreline
Jackson et Archaeological Nu‘upia Pond | 6 historic properties identified on the
al. 1993 Monitoring, south side of Nu‘upia pond, including:
Reconnaissance, 2 boulder alignments (SIHP -4641 & -
and Test 4643), two cobble pavements (SIHP -
Excavations 4638 & -4639), and two lithic scatters
(SIHP -4640 & -4642). Of note is SIHP
-4638, a limestone cobble pavement
that was interpreted as a possible burial.
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Figure 21. Previous archaeological studies conducted within the vicinity of the project area.
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3.3.1 Early Archaeological Surveys

3.3.1.1 Thrum 1915

Thrum reported in 1915 on the state of several heiau in Kane‘ohe: Maunahuia within
Wakaluawaho that was “in ruins” at the foot of the pali; Kukuiokane at Luluku, formerly a large
platform; Kaluaolomana at Puuwaniania, a medium walled structure that was still present, and
Kawa‘ewa‘e, also present. Three other Kane‘ohe heiau that were associated with each other
existed at one time, although that was the extent of Thrum’s knowledge. They were: Pule at
Keaahala, Kuakala, nearby, and Naonealaa at Waikalua, “said to have been the principal of the
three” (Thrum 1915:90) and situated at the beach end of Waikalua Drive, near Kane‘ohe
WWPTF.

Thrum also identified an un-named heiau on Mokapu, describing it as, “A large heiau of
husbandry class; Hina and Ku its deities” (Thrum 1906:48). No other location was provided.

3.3.1.2 McAllister (1933)

The first systematic archaeological study of the Kane‘ohe area was conducted by J. Gilbert
McAllister of the Bernice P. Bishop Museum in the 1930s. McAllister (1933) consulted with
knowledgeable informants about both physical and legendary sites of each district during his
island-wide survey of O‘ahu in the 1930s. The following are brief descriptions of sites near the
Kane‘ohe WWPTF project area. A description of the McAllister site within the vicinity of Kailua
WWTP follows.

Site 347. Kalaoa heiau, Waikalua, Kaneohe. This heiau was located on an
elevation to the left of the road [Waikalua Road] leading to the Kaneohe
municipal camping grounds just beyond the lane which leads to the Coral
Gardens. Nothing remains of the heiau, the stones having been used in the
construction of the [Kaneohe Rice] mill. The heiau was built by Laamaikahiki,
according to John Bell, who took me to the site. (McAllister 1933:178)

Site 348. Site of the houses of Laamaikahiki, Waikalua, Kaneohe. The home of
David Trask now occupies the site....The sand in front of the place are known as
Naonealaa and were tapu to the commoner when the alii lived there.

On this same elevation Laamaikahiki wanted to build this heiau, Kalaoa (Site
347), but he was advised by his kahuna to place it considerably farther from the
chief’s houses, for the women of the household would be too close to the sacred
inclosure tapu to them.

Naonealaa is listed by Thrum as a heiau. (McAllister 1933:178)

Site 349. Waikalua Fishpond, adjacent to Waikalua, Kaneohe. The rebuilding of
the pond has been completed. The wall was 1420 feet long of waterworn basalt 3
to 4 feet high but somewhat wider. The pond covers 11 acres. (McAllister
1933:178)

Site 350. Two ponds, Kailua side of Waikalua. The pond in use is said to be
Keana with an area of 3.5 acres. According to Bell, the name of the other is
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Kalokohanahou. Its wall is broken. Both were built of waterworn basalt. The dirt-
filled wall of Keana is wide enough for trees to grow on it. (McAllister 1933:178-
179)

Site 351. Three adjacent ponds, located off the lands of Mikiola and Mahinui in
Kaneohe. The two end ponds were probably built first, the middle pond being
added later so as to take advantage of the walls of the other two. The pond on the
east is known as Mahinui and that on the west as Mikiola. The name of the middle
pond is Kaluoa, according to John Bell, but appears as Kapuu on a map in the
Bishop Estate office. The wall of Mikiola is broken. (McAllister 1933:179)

Site 352. Ahukini heiau, Keana, Kaneohe. A small structure, 70 by 127 feet, built
on the top of an elevation 1200 feet from the sea...The only features remaining
are the low walls, unusual because they are built of stones a few inches in
size...most of the remains are scattered, for it is very easy for the cattle to disturb
the small stones...When the drums at this heiau were beaten they could be heard
over Kaneohe, but not just on the other side of the low ridge in Kailua.
(McAllister 1933:179)

Site 353. A spring on the land known as Keana (now Kokokahi), called
Kinikailua-Manokaneohe, as it is said that the people from both Kailua and
Kaneohe died in great numbers from drinking its waters. (McAllister 1933:179)

Site 354. Kawaewae Heiau, Kanieohe side of the ridge which divides the district
and Kailua.

This is one of the five heiaus said by John Bell to have been erected by Olopana.
Ahukini, Pahukini, Holomakani, and Puumakani are the other four. It is on top of
a small knoll and consists of one large enclosure 120 by 253 feet with a small
terrace on the north side which follows the contours of the land. As the structure
was used as a cattle pen for many years any traces of heiau features have been
obliterated, and it is not known where the opening to the heiau was situated. The
walls are massive, averaging about 5 feet in width and from 4 to 7 feet in height
according to the contours of the land. The inside corners of the wall are rounded;
the outside corners appear more angular. (McAllister 1933:179)

McAllister’s (1933:184) Site 364 is within close proximity to the Kailua WWTP project area:

Site 364. Halekou, Kaluapuhi, and Nuupia, three adjoining fishponds on the
Mokapu Peninsula. Kaluapuhi on the east covers 24 acres and is connected with
Kailua Bay by one outlet (makaha), by means of which it can be flooded at high
tide. It is separate from Nuupia by a wall. Halekou of 92 acres, and Nuupia, of
215 acres, are on the west, separated from Kaneohe Bay by a long wall.

Solomon Mahoe tells me that there was formerly another pond here called
Muliwaiolena. Fornander [1880:262] mentions this as the name of a little brook
near which the commander of the Oahu troops was shot by Kaeo’s foreign gunner
when Kaeo was not allowed to land in Koolaupoko.
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MacCaughey (58) writes:

We walked along the wall that separated the pond [Nuupia] from the bay. This
wall, like those of other fishponds, is four to six feet wide about eighteen inches
above the water; its average total height is some five feet. It is made up of two
laid stone walls. The central part between the walls is filled with earth and loose
rubble. The path lies along the middle of the wall, and owing to inequalities in the
settling and packing of the rubble, it is very irregular, with abrupt pits and knolls.
(McAllister 1933:184)

Although McAllister identified other sites on Mokapu Peninsula, they are in He‘eia
Ahupua‘a, north of the current project area.

3.3.2 Studies Conducted within the Vicinity of Kane‘ohe WWPTF

Three archaeological studies have been conducted within close proximity of the Kane‘ohe
WWPTF. A preservation plan was also prepared for the Waikalua Loko fishpond (Dashiell
1995), which is adjacent to the east portion of the Kane‘ohe WWPTF.

3.3.2.1 Proposed Nani Pua Gardens Il Subdivision Project

In 1986, the Bishop Museum conducted archaeological salvage excavations of site G5-101
(SIHP # -2937) within TMK 4-5-030:043 (Clark and Riford 1986), approximately 160 meters
northwest of the project area’s western boundary. This pre-contact Hawaiian habitation site is
within the Nani Pua Gardens II Subdivision and was identified during archaeological
investigations. The 1.7 acre parcel is bordered on the north and east by Kane‘ohe Stream.

Preliminary investigations revealed a surface layer with lithic artifacts and a buried cultural
layer. Additional sites recorded in the area included two lithic scatters (Site 50-Oa-G5-100), a
former rice field and taro terrace (Site 50-Oa-G5-104), an Italian prisoner-of-war camp, and the
Kaneohe Rice Mill. Subsurface testing recovered a relatively early radiocarbon date of A.D.
1070-1405. A vast assemblage of lithic artifacts suggested the historic property was primarily
used by “craftsman specializing in the manufacture of stone tools, primarily adzes” (Clark and
Riford 1986:110). Two human burials were encountered that were in a fully extended position,
and lacked cultural material. Additional fragmentary remains were encountered in the context of
pre-contact basalt artifacts (Clark and Riford 1986:45, 104). Clark and Riford (1986:110)
concluded the historic property housed craftsmen specializing in the production of stone tools,
primarily adzes.

3.3.2.2 Waikalua Road, Kane ‘ohe Bay Project

In 1993, CSH conducted an archaeological inventory survey within 3.2 acres along the
shoreline of Kane‘ohe Bay at Waikalua Road, approximately 160 meters north of the current
Kane‘ohe WWPTF project area (Stride et al. 1993). Research indicated a high probability that
the project area had been a traditional Hawaiian settlement. The property was also the Coral
Gardens, a 1915 to 1940 resort hotel. Eight backhoe trenches were excavated to determine the
presence or absence of cultural deposits. No cultural material or human remains were observed
during the survey or backhoe testing other than modern trash. No further archaeological work
was recommended for the project.
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3.3.2.3 Bay View Golf Course Archaeological Survey and Assessment

In 1989, CSH conducted an archaeological survey and assessment of the 90-acre Bay View
Golf Course for a proposed expansion (Hammatt and Borthwick 1989). Bay View Golf Course is
adjacent to the west and south portions of the Kane‘ohe WWPTF. Background research indicated
over 40 Land Court Awards granted for this area that was traditionally used for taro planting and
aquaculture within the three fishponds along Kane‘ohe Bay. Modern development of the area
including the golf course, sewage treatment plant (Kane‘ohe WWPTF), surrounding residential
subdivisions and flood control projects, had caused extensive modifications of the land.

Waikalua Loko fishpond and Waikalua fishpond were the only two archaeological features
found within the project area. Waikalua Loko fishpond has been a continuously functioning
fishpond since pre-contact; and Waikalua fishpond was in poor condition due to mangrove
intrusion, but still showed an intact seawall. Both fishponds were recommended for preservation,
and archaeological monitoring during initial clearing and grading was recommended.

Subsurface testing was conducted between Kane‘ohe and Kawa Streams in a strip of
undeveloped pasture between Kane‘ohe WWPTF and the Bay View Golf Course, in City and
County land. The area was thought to be the only possibly undisturbed portion of the floodplain
within the project area.

Eight trenches were excavated at 50-100 foot intervals with each trench averaging 7.5 meters
long and averaging 230-240 cm. in depth (to water table). Both sides of the trenches were
examined for cultural materials and features as well as changes in stratification. A soil profile
description was made for each trench and samples of all subsurface deposits were collected.
Elevation rise from Trench 1 to Trench 8 was approximately 3 feet.

The stratigraphic succession was uniform throughout all eight trenches with variation in depth
and thickness of each stratum. A generalized soil profile description is presented below in Table
3.

Table 3. General Soil Profile Description for Proposed Bay View Golf Course Expansion
(Hammatt and Borthwick 1989:34)

Strata Depth (cmbs); Description
(range in thickness)

Stratum I 0-80 Dark greyish brown silt loam to sandy clay contains
(60-120 cm) basalt and coral gravel with modern trash, plastic,

golf balls, bottle glass, abrupt wavy boundary.
Modern mechanical fill

Stratum I1A 80-120 Reddish brown, clay loam with fine strong angular
(20-60 cm) blocky structure with clay and iron coatings between
peds and pronounced iron stained root casts. Clear
wavy boundary. Top 10 cm. typically has platy
structure from compaction. A-1 horizon; natural
deposit; buried agricultural soil
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Strata Depth (cmbs); Description
(range in thickness)

Stratum I1B 120-240+ Grayish blue, clay, moderate medium angular, blocky
(100-130+ cm.) with pronounced iron coatings on root casts. Gleyed

soil with weak organic and iron staining. Bottom
portion waterlogged. A-3 horizon; natural deposit;
buried agricultural soil

Modern dumping of imported top soil mixed with construction fill, likely to reclaim the
lowland areas for pasture land was evident throughout the project area. Former wetland taro/rice
agricultural soil underlies this fill. Typically, these soils have partial gleying in the lower
portions (due to poor drainage) and iron staining in the upper portion (from the water flow along
crop roots). Strata IIA and IIB appear to have the same depositional origin (alluvium) with
different weathering and variation in moisture regime and drainage. The A-1 horizon is better
drained and has been more exposed to weathering. Samples were collected of Stratum ITA and
IIB in most trenches, although these samples are estimated to be too low in organic content for
dating.

Neither cultural materials nor features were observed within the backhoe trenches. The former
‘auwai shown on the early maps was not discerned in the profiles of any of the trenches, nor was
there any indication of earthen field boundaries. Only “the original ponded, gleyed sediments
associated with former taro/rice planting” was found beneath approximately 60-120 cm of fill
(Hammatt and Borthwick 1989:40). No terracing or buried cultural material was observed.
Archaeological monitoring was however recommended during initial grubbing and grading of
the property.

3.3.2.4 Waikalua Loko Fishpond Preservation Plan

Dasheill (1995) prepared a preservation plan for the Waikalua Loko fishpond prior to the mid-
1990s expansion of Bay View Golf Course. Two major components of the plan were proposed:

1. Preservation, restoration and maintenance of the pond based on its present [1995]
construction features, environment and configuration. Actual operation of the pond
could take place at any time, dependent on the desires of the owner and the WLFPS
[Waikalua Loko Fishpond Preservation Society].

2. Interpretation program, which at a minimum may consist of a booklet and a self-
guided tour along the public access route. Under the purview of the WLFPS,
additional components of the interpretation program could be added, such as an
interpretive center. The interpretive program was proposed to educate students or
visitors to Hawai‘i. The possibility that the Windward Community College may be
interested in establishing some sort of effort was also proposed. (Dashiell 1995:10)

Founded in 1995, the Waikalua Loko Fishpond Preservation Society continues to manage and
maintain, as well as conduct educational programs at the fishpond.
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3.3.3 Studies Conducted within the Vicinity of Kailua WWTP

As previously mentioned, the Nu‘upia Fishpond Complex, designated as SIHP # 50-80-11-
1002 is just north of the WWTP although shrub forest separates Kailua WWTP from the
fishponds (see Figure 20).

3.3.3.1 Nu ‘upia and Halekou ponds (Hammatt et al. 1985)

CSH conducted core sampling and test excavations that focused on the stratigraphy and
surface features of the north end of Halekou and Nu‘upia ‘Ekolu ponds (Hammatt et al. 1985),
approximately 450 m north of the current project area. The majority of the eleven core samples
extended to or below the base of the fishpond sediments. Basal sediments for all but one of the
cores were coralline sand with coral gravel inclusions, indicating the area was open to the tides
and ocean currents prior to the construction of the fishpond. The basal sediments of one of the
eleven cores appeared anomalous in that it contained sandy loam composed entirely of volcanic
sediments.

Findings during the testing include the wall dividing the Nu‘upia and Halekou fishponds, that
was constructed of coral boulders and cobbles procured from nearby reef exposures.
Additionally, test excavations just north of the ponds yielded diverse shell midden and basalt
debitage associated with stone tool manufacture. Based on the extensive surface scatter,
including some 237 lithic artifacts, and midden, it was postulated that a habitation and / or work
site was once located on the Halekou and Nu‘upia ‘Ekolu pond wall. Archaeological monitoring
was recommended for any future ground disturbance in the project vicinity.

It should be noted that during the field work for the 1985 project, U.S. Marine Corps’
amphibious assault vehicles traversed the marshy portions of the study area to improve the
habitat of the Hawaiian stilts on an annual basis. The use of amphibious assault vehicles within
Nu‘upia Pond continues today (Honolulu Advertiser 2003).

3.3.3.2 Nu ‘upia ‘Ekahi Fishpond Study (Jackson et al. 1993)

From 1992 to 1993 BioSystems Analysis Inc., conducted archaeological investigations at
Nu‘upia ‘Ekahi fishpond (Jackson et al. 1993) within an area that bounds the north and west
portions of Kailua WWTP. The investigation consisted of monitoring vegetation clearance
within the fishpond, and an approximately 120-acre archaeological survey. Subsurface
excavations consisted of four backhoe trenches, five cores, and two hand dug test excavation
units at STHP 50-80-11-4640, a basalt tool and debitage scatter containing historic material that
was identified during subsurface testing.

A total of six historic properties were found during the survey and include SIHP 50-80-11-
4638 through -4643. SIHP -4641 is 100 m north of Kailua WWTP, -4638 is 150 m to the north,
and the other four historic properties are between 200 to 350 m north.

SIHP -4638 is described as a limestone cobble “pavement” that may cover a burial. A circular
hearth was found approximately 40 cm west of the pavement although “it appears to be relatively
recent in origin and no midden or Native Hawaiian artifacts were observe in association with the
feature.” SIHP -4638 measured 3.75 m N/S by 2.5 m E/W (Jackson et al. 1993:18).
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SIHP -4639 is described as a rectangular pavement or foundation consisting of 10-15 small
angular and subangular limestone cobbles with well defined north and west sides, and irregular
south and east sides. No midden or Native Hawaiian artifacts were observed. The historic
property was previously disturbed by a communication wire that crosses the southern half of the
pavement. SIHP -4639 measured 6.5 m N/S by 6.0 m E/W (Jackson et al. 1993:18, 21).

SIHP -4640 is described as a basalt tool and debitage scatter. Artifacts consisted of a basalt
flake, a possible polished basalt flake, a basalt adze blank, a basalt adze pre-form and unmodified
basalt debitage. A historic aqua colored glass bottle, clear glass fragments, a piece of lead
shielding, lumber, and a piece of corrugated tin roofing were found within the historic property.
SIHP -4640 measured 30 m E/W by 15 m N/S (Jackson et al. 1993:21).

Two 0.5 m-square test excavations were conducted within SIHP -4640 during which midden
(100.6 g [grams] and 139.9 g) was recovered. Recovered midden consisted primarily of marine
shellfish that “are typical of the littoral assemblage expected in environments near Nu‘upia
pond.” Based on the “small amount of midden recovered from this site, it is apparent that
significant amounts of food preparation was not occurring at this site” thus indicating the area
contained “a small residential unit” used on a “temporary or periodic basis” (Jackson et al.
1993:78).

SIHP -4641 is described as a limestone boulder alignment. No midden, Native Hawaiian
artifacts or historic disturbance were observed. SIHP -4641 measured 5.5 E/W by 2 m N/S
(Jackson et al. 1993:21).

SIHP -4642 is described as a basalt tool and debitage scatter located near the former edge of
the fishpond and in the vicinity of limestone outcrops. Artifacts within SIHP -4642 consisted of a
basalt core, a utilized basalt flake, a notched basalt flake, a net sinker blank, and six unmodified
pieces of basalt debitage. Historic disturbance includes an 8 cm diameter pipe extending from
“the center of the eastern end for approximately 1 meter,” a standing post, some barbed wire, a
metal framed structure with chain link fencing sides, and a modern glass and ceramic scatter.
SIHP -4642 measured 15.8 E/W by 7.9 N/S (Jackson et al. 1993:21).

In the vicinity of SIHP -4642, an ‘ulu maika pre-form, a piece of basalt debitage, an adze
blank and an unmodified debitage basalt flake were also found. A low concrete curb measuring
approximately 0.1 m high, 5.5 m E/W by 1.0 m N/S forms a “rectangular pen or enclosure open
on the west side, abutting a limestone outcrop” (Jackson et al. 1993:21).

SIHP -4643 is described as a limestone boulder alignment located “5 m south of the limestone
boulder edge” of the fishpond. SIHP -4643 measured 11 m N/S by 2.5 m E/W (Jackson et al.
1993:21).

Trenching and coring were also conducted within Nu‘upia Fishpond to aid in determining the
construction date of the pond. Radiocarbon dating was conducted on three marine shell samples
from basal strata since an insufficie