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Introduction

This report provides an assessment of the potential impact on water resources of the proposed
Kahuku Village project in the shoreline area of TMK 9-2-01:72 in Kau, Hawaii. Figure 1 identifies the
location of TMK 9-2-01:72 and Figure 2 presents the project's land use development plan prepared by
PBR Hawaii in January 2011. At full build-out, the project would utilize 1975 acres and consist of about
1250 residential units, 500 hotel rooms, 125 acres of various civic land uses, an 18-hole golf course, and
500 acres for a Hawaiian Heritage Village. At present, the project site is completely undeveloped and

access to it is by several unimproved (four-wheel drive) roads.

Focus on Groundwater Impacts

The entire project site consists of unweathered a'a and pahoehoe lava flows which are devoid of
any significant ash, soil, or vegetative cover (Figure 3) and are therefore of extremely high permeability.
Surface runoff as a continuous flow over any significant distance, even in the most extreme rainfall

events, does not occur. Rainfall either evaporates or becomes groundwater recharge.

Development of the project will create impervious surfaces from which localized runoff will occur.
However, all such runoff would be directed into undeveloped open space or conveyed to subsurface
disposal in dry wells or seepage pits, ultimately becoming groundwater recharge. There would be no
surface runoff discharging directly into the ocean at the shoreline from the project site after it is
developed. For this reason, the assessment of the project's potential impacts on water resources focuses
exclusively on groundwater. These potential impacts include: withdrawals of groundwater from wells for
various uses; returns to groundwater in disposal wells; returns to groundwater due to excess landscape

irrigation; and the change in water quality of rainfall recharge.

Proposed Water and Wastewater Systems

Overview. Water for the project would be supplied by three different systems: a potable system
for within building and limited irrigation use; a brackish system for all other landscape irrigation; and a golf
course irrigation system supplied by R-1 treated wastewater and supplemented, as needed, with water
from the brackish irrigation system. Appendix A contains the projections of the supply requirements for
these systems as prepared by Gray Hong Nojima & Associates, Inc. (GHNA). The project is to be
developed in four phases. Table 1 provides the phase-by-phase supply requirements for these three

water systems based on the GHNA projections in Appendix A.

Potable Water System. Due to the relatively dry and limited areal extent of the upgradient

watershed, the flow of groundwater beneath the site is quite modest. Potable quality groundwater in
limited quantities is only available near to and above Mamalahoa Highway from wells that would be 2000
feet deep and five miles from the project site. In view of this, the potable system will be supplied by saline

groundwater pumped from wells and treated for potable use by reverse osmosis (RO) high pressure

0_11-10 -1-
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Table 1

Summary of the Cumulative Supply Requirements
of the Project's Three Systems

l tem Phase 1 Phase 2 Phase 3 Phase 4

Tentative Development Period

Potable System Supply Requirement

e Projected Average Demand (MGD) 0.178 0.470 1.026 1.093
e Required Maximum Day Supply
: MGD .0275 0.725 1.576 1.691
: GPM 191 504 1094 1174

Brackish Irrigation System Supply Requirement

e Projected Average Demand (MGD) 0.166 0.491 1.000 1.056
e Required Maximum Day Supply
. MGD 0.274 0.810 1.650 1.742
. GPM 190 563 1146 1210

Golf Course Irrigation Requirement
e Year-Round Average (MGD) 0.000 0.672 0.672 0.672
e Required Maximum Day Supply
: MGD 0.000 1.109 1.109 1.109
. GPM 0 770 770 770
o Supply of R-1 Treated Wastewater
: MGD 0.064 0.181 0.420 0.439
Brackish System Supplement for GC Irrigation
e Average (MGD) 0.000 0.491 0.252 0.233
e Maximum (MGD) 0.000 0.928 0.689 0.670

Notes: 1. Average supply requirements for all three systems include a 12% allowance for losses
and unmetered use.

2. The maximum day factor for within building potable use is 1.5 times average. For all
landscaping and golf course irrigation, it is 1.65 times average.

3. The supply of R-1 treated wastewater is assumed to be 60% of the within-building potable
use.

o_11-10 -5-




filtration. Figure 4 illustrates the layout of the potable system as prepared by GHNA. At ultimate build
out, the system would consist of four 1000 GPM saline groundwater wells, four 400 GPM RO treatment
trains, and three RO concentrate disposal wells. One of the supply wells, one of the treatment trains, and

one of the disposal wells would provide standby capacity.

The raw water supply wells would be designed to draw water exclusively from beneath the
brackish basal lens, so their salinity is expected to be in the range of 30 to 34 parts per thousand (PPT).
Product recovery through the RO process is anticipated to be about 40 percent, meaning the remaining
60 percent would be RO concentrate with a salinity of about 50 to 60 PPT (for comparison, seawater is
34.8 PPT). The RO disposal wells would be designed to deliver the concentrate deeper into the saline
groundwater zone than the raw water supply wells would draw from, thereby eliminating the possibility of

recirculation of the concentrate back to the supply wells.

Brackish Irrigation System. Figure 5 is GHNA's illustration of the brackish irrigation system. It

would consist of a linear array of wells along the 1000-foot elevation contour which would draw water
from the top of the brackish basal lens. Each of the wells is tentatively sized at 300 GPM (0.432 MGD).
At the project's full build-out, six such wells would be required (one as standby) for landscape irrigation

and to supplement the R-1 supply for golf course irrigation.

Golf Course Irrigation System. The golf course would be irrigated with R-1 treated wastewater

and brackish well water, the latter as needed to supplement the R-1 supply (also shown on Figure 5). To
approximate the required brackish water supplement, it is conservatively assumed that the quantity of R-1
that will be available for golf course irrigation reuse will be 60 percent of the projected within-building
potable water use. For this assumption, brackish groundwater would provide more than half the golf
course's irrigation supply until sometime in the third phase of development (bottom of Table 1). At full

build out, brackish groundwater would still provide about 35 percent of the golf course's irrigation supply.

Groundwater Occurrence

Based on the results of drilled wells in the region (their locations are shown on Figure 1 and Table
2 provides dimensions, water levels, and performance data) and on geophysical studies conducted for
the project, groundwater beneath the project site and extending inland above Mamalahoa Highway
occurs as a basal lens in hydraulic contact with saline water at depth and seawater at the shoreline. At
inland locations just above and below Mamalahoa Highway (Wells 0545-01 and 0445-01, respectively),
the groundwater is fresh (chlorides of 50 to 100 MG/L). Moving makai, the salinity of the basal
groundwater increases. It is about 300 MG/L at 1000-foot elevation (Well 0246-01) and about 750 MG/L
at 600-foot elevation (Well 0247-01).
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Based on groundwater levels and temperatures in the existing wells, the groundwater occurrence
is actually more complex than the brief summary given above. Evidence of such complexity suggests
that the underlying groundwater is not a homogenous water body with a gradual, mauka-to-makai

increase in salinity:

° There appears to be a hydrologic disconnect between the 12.3-foot water level in the HOVE well
(0545-01) and the 3.5-foot level in the USGS test hole (0445-01) a short distance downgradient.
The HOVE water level is anomalously high.

° Pumped water temperature in the HOVE well was high, from 81.3° to 82.8° F. This suggests the
effect of residual heat from Mauna Loa's southwest rift zone. lts high TDS to chloride ratio is
another indication of the rift zone's impact. To the extent that data are available, none of the

downgradient wells show a similar influence of the rift zone.

° The water in Well 0246-01 is colder than expectable. Its 67.8° F. pumped water temperature is
14° cooler and the upgradient HOVE well and also 10° cooler than the nominally downgradient
FMT well (0247-01). As presented subsequently, its water is almost devoid of dissolved nitrogen,

a very rare occurrence in Hawaiian groundwater.

As far as is known, Mauna Loa's southwest rift zone and coincident Pali O Mamalu fault scarp
create a hydrologic boundary for the east end of the basal groundwater occurrence in and above the
project site. Further east near South Point Road, two wells (Nos. 0240-01 and 0339-01) encountered
high level groundwater. Geophysical results suggest this high level water, at least near Mamalahoa

Highway, could extend most or all the way to the rift zone boundary.

Based on what is known or can plausibly be presumed, Mauna Loa's southwest rift zone is a
barrier to groundwater flow. As such, it delineates the upper end of the watershed which contributes
rainfall-recharge to basal groundwater that would be utilized and impacted by the project. For the
purposes of this assessment, calculations of groundwater recharge have been made for a 4.25-mile wide,
mauka-makai corridor which encompasses the entire width of the project site. Iniand of the 1000-foot
elevation contour, along which the irrigation wells would be developed, the area of this corridor is 30
square miles. At the shoreline, the total upgradient watershed in this corridor is 45 square miles.
Rainfall-recharge calculations approximate the recharge at 3.2 MGD per mile of width at 1000-foot
elevation and 3.7 MGD per mile of width as discharge into the ocean along the shoreline. These figures
will be used as the pre-development flowrates in the assessments of the project's potential impacts on

groundwater.
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Table 3 is a compilation of water quality analyses of samples from a well above Mamalahoa
Highway (No. 0545-01), wells makai of Mamalahoa (only Nos. 0246-01 and 0247-01 as a sample could
not be retrieved from 0445-01), nearshore anchialine ponds, the shoreline, and offshore beyond the
influence of groundwater discharge. The five shoreline locations for these samples are identified on
Figure 2. A basic assumption is that groundwater in the inland portion of the watershed, as represented
by a water sample from Well 0545-01, moves toward and ultimately discharges at the shoreline. Along
this six-mile distance from Well 0545-01 to the shoreline, dissolved nutrients (nitrogen and phosphorus)
may be supplemented by natural or anthropogenetic inputs along this route or may be consumed by
natural processes. Which of these are occurring can be determined with a mixing line analyses. Such
analyses for nitrogen and phosphorus are presented on Figures 6 to 10 for the five shoreline sites. The
mixing line itself is created as the straight dilution of inland groundwater (Well 0545-01) and offshore
seawater at each of the five sites. Intervening samples from wells, anchialine ponds, and at the shoreline
will plot above the mixing line if their nitrogen or phosphorus levels have been supplemented along the
six-mile travel distance. They will plot below the line if they have been depleted. The results on Table 3

and Figures 6 to 10 can generally be characterized as follows:

° The anomalous well water quality is clearly evident. Well 0246-01 is almost devoid of nitrogen,
appears to be slightly enriched with phosphorus, and has a silica level which is less than half the
concentrations in the other well samples. On the other hand, Well 0247-01, which is nominally
downgradient of 0246-01, appears to be somewhat depleted of both nitrogen and phosphorus but
has an expectable silica level.

° At Shoreline Site 1, which has a complex of nearshore anchialine ponds and is the site most likely
to be influenced by activities in Hawaiian Ocean View Ranchos, both nitrogen and phosphorus
are somewhat depleted.

° At Shoreline Site 5, the only other shoreline location with a nearshore complex of anchialine
ponds, nitrogen is depleted but phosphorus is generally supplemented.

° At intervening Shoreline Sites 2, 3, and 4, nitrogen is generally unchanged or slightly depleted
and phosphorus is either unchanged or slightly supplemented.
Estimated Impacts on Groundwater
Overview. As explained previously, discharge of surface runoff from the pre- and post-developed
project site into the marine environment does not now and will not occur in the future. As such, impacts
on water resources will be manifested exclusively in changes to the quantity and quality of groundwater
moving to and discharging into the marine environment. The project will use and change the groundwater
body which resides at and below sea level, referred to herein as basal groundwater or the basal lens. The
project will also use and change, with its RO feedwater supply and concentrate disposal, the body of
saline groundwater which exists below the basal lens. With proper well design, impacts on these two
groundwater bodies will be separate and distinct and are treated as such in the calculations of impacts

which follow.

-11 -



Table 3

Water Quality of Groundwater in Wells, in Nearshore Anchialine Ponds, and as Shoreline Discharge

Sample Sample NO3 NH4 DON TN PO4 DOP TP Silica | Salinity
Date (uM) | (uM) | (uM) | oem) | oem) ] (eM) | (eM) | (eM) | (PPT)
Wells (by State No.) : 0545-01 1-12-09 57.4 1.65 46.8 105.8 0.50 1.05 1.55 679 0.537
1 0246-01 3-03-11 0.15 2.10 6.90 9.15 1.20 0.45 1.65 299 0.897
0246-01 4-15-11 0.10 1.77 2.02 3.89 0.72 1.15 1.87 257 0.836
0247-01 3-03-11 48.2 3.80 42.7 94.8 2.16 0.92 3.08 836 2.135
1 0247-01 4-15-11 51.4 0.42 6.52 58.3 0.20 1.10 1.30 653 1.922
Shoreline Site 1 - Kanonone Water Hole
Anchialine Pond Samples 4-19-09 38.4 3.12 451 86.6 1.36 0.08 1.44 671 3.995
4-19-09 40.5 2.24 27.2 69.9 1.04 0.08 1.12 665 4.032
4-19-09 45.8 2.08 334 81.3 0.56 0.24 0.80 687 3.442
4-19-09 38.8 2.00 20.8 61.6 0.96 0.24 1.20 666 3.590
3-03-11 35.3 0.36 10.8 46.4 0.32 0.68 1.00 595 4.276
3-03-11 35.0 0.68 10.9 46.6 0.24 0.68 0.92 608 4.396
3-03-11 41.2 0.32 6.00 475 0.52 0.48 1.00 613 4.495
3-03-11 40.8 0.12 4.48 454 0.48 0.56 1.04 607 4.122
Shoreline Samples 4-19-09 34.3 1.92 245 60.7 0.64 0.32 0.96 574 7.820
4-19-09 34.6 1.04 19.2 54.9 0.64 0.40 1.04 570 8.085
4-19-09 14.2 1.36 253 409 0.56 0.40 0.96 306 8.123
3-03-11 40.1 127 21.0 738 0.64 0.88 1.52 491 8.793
3-03-11 311 4.48 135 491 0.16 0.60 0.76 425 13.669
3-03-11 26.8 2.92 10.8 40.6 0.20 0.60 0.80 383 15.713
3-03-11 15.5 0.68 11.0 27.2 0.16 0.60 0.76 248 22.828
3-03-11 8.20 1.28 8.16 17.6 0.16 0.80 0.96 140 27.559
Offshore Samples 4-19-09 0.60 0.35 8.81 9.76 0.14 0.33 0.47 19.0 34.271
4-19-09 0.24 0.04 8.43 8.71 0.13 0.33 0.46 8.70 34.788
Shoreline Site 2 - Pohue Bay
Shoreline Samples 4-19-09 1.75 0.41 8.53 10.7 0.21 0.20 0.41 88.3 31.320
4-19-09 1.77 0.41 8.25 104 0.46 0.06 0.52 90.5 31.244
4-19-09 1.77 0.08 8.11 9.96 0.19 0.22 0.41 775 31.857
3-03-11 3.08 0.96 15.3 19.3 0.32 0.76 1.08 87.1 30.580
3-03-11 1.24 0.68 8.92 10.8 0.24 0.68 0.92 53.4 31.980
3-03-11 0.32 0.84 10.6 11.7 0.20 0.64 0.84 11.2 33.821
Offshore Samples 4-19-09 0.97 0.11 6.90 7.98 0.16 0.26 0.42 36.2 33.687
4-19-09 0.28 0.21 6.83 7.32 0.14 0.25 0.39 10.8 34.667
Shoreline Site 3 - Keliuli Bay
Shoreline Samples 4-19-09 0.85 0.32 6.46 7.63 0.19 0.20 0.39 343 33.673
4-19-09 0.69 0.39 5.88 6.96 0.19 0.20 0.39 29.5 33.897
4-19-09 0.66 0.31 7.12 8.09 0.18 0.22 0.40 29.5 33.970
Offshore Samples 4-19-09 0.10 0.06 7.82 7.98 0.16 0.25 0.41 4.61 34.987
4-19-09 0.04 0.24 9.10 9.38 0.14 0.23 0.37 3.65 34.894
Shoreline Site 4 - Ulua
Shoreline Samples 4-19-09 0.15 0.19 6.29 6.63 0.18 0.23 0.41 6.77 34.891
4-19-09 0.20 0.25 7.24 7.69 0.18 0.24 0.42 7.45 34.923
3-03-11 1.40 0.84 10.6 12.8 0.20 0.64 0.84 9.28 34.035
Offshore Samples 4-19-09 0.06 0.31 7.48 7.85 0.21 0.20 0.41 3.87 35.016
4-19-09 0.04 0.08 8.83 8.95 0.15 0.22 0.37 3.53 35.022
Shoreline Site 5 - Kahakahakea
Anchialine Pond Samples 4-19-09 44.4 3.12 30.6 781 1.76 0.16 1.92 600 7.791
4-19-09 54.9 1.92 25.8 82.6 1.28 0.32 1.60 595 8.100
4-19-09 49.2 1.92 28.9 80.0 1.44 0.32 1.76 585 8.053
4-19-09 55.7 2.64 26.6 849 0.80 0.40 1.20 580 8.014
4-19-09 43.8 3.60 14.4 61.8 1.04 0.80 1.84 576 8.161
3-03-11 47.2 0.20 18.7 66.1 0.40 0.72 1.12 532 6.065
Shoreline Samples 4-19-09 0.21 0.17 717 7.55 0.17 0.26 0.43 6.01 34.922
4-19-09 0.17 0.12 8.46 8.75 0.15 0.25 0.40 4.92 34.976
3-03-11 28.9 0.76 16.5 46.2 0.20 0.76 0.96 281 18.643
3-03-11 5.20 0.84 19.6 25.6 0.16 0.76 0.92 475 31.845
Offshore Samples 4-19-09 0.15 0.09 7.74 7.98 0.18 0.22 0.40 5.97 34.935
4-19-09 0.24 0.10 6.63 6.97 0.16 0.25 0.41 7.09 34.841

Notes: 1. Samples collected by Tom Nance of Tom Nance Water Resource Engineering and Steve Dollar of Marine Research

Consultants.

2. All analyses by Marine Analytical Specialists.

0_11-10 | 29 April-11
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Changes to Groundwater Flowrate. Table 4 presents estimates of the anticipated changes to the

flow of basal groundwater discharging at the shoreline by development phase. These estimates

incorporate the following assumptions:

° The pre-development quantity of basal groundwater discharging along the 4.25-mile wide

shoreline segment encompassing the project site is 3.7 MGD per coastal mile or 15.7 MGD.

° The withdrawals of basal groundwater from wells arrayed along the 1000-foot elevation contour
will range from 0.166 MGD in Phase 1 to 1.289 MGD at full build-out (from Table 1). These
withdrawals will be for landscape irrigation and to supplement irrigation of the golf course by R-1

treated wastewater.

e An allowance of 12 percent for leakage and unmetered use has been incorporated into the
potable and irrigation system supply amounts. It has been assumed that all 12 percent of this

allowance returns to groundwater.

o Irrigation return flow will amount to 10 percent of the amount of applied irrigation for: potable
water used for landscape irrigation; brackish water used for landscape irrigation; and R-1 effluent

and brackish well water applied on the golf course.

For this set of assumptions, the reduction in basal flowrate discharging along the project's
shoreline would only be around 0.7 percent in Phase 1 but would increase to 5.2 percent in Phases 3 and
4,

On the bottom of Table 4, withdrawals of saline groundwater, returns of RO (hypersaline)
concentrate, and net consumptive use of saline groundwater are compiled by development phase. The
net consumptive use of saline groundwater would be about 0.18 MGD in Phase 1 and increase to about
1.1 MGD at full build-out. Unlike the limited supply of basal groundwater, the supply of saline
groundwater is essentially unlimited and, with proper well design, the amount of its consumptive use will

have no impact on the overlying basal groundwater.

Changes to Basal Groundwater Quality. Table 5 presents estimated changes to the nutrient

levels discharging in groundwater along the project's shoreline by development phase. The following set

of assumptions are incorporated in these results:

'y Nitrogen and phosphorus levels in pre-development groundwater are the same as in Well 0545-
10 (Table 3).
® The quantities of withdrawals and returns to basal groundwater will be as compiled in Table 4.

-18 -



Table 4

Estimated Changes to the Basal Groundwater Flowrate and

Net Consumptive Use of Saline Groundwater

Flowrate Components

Flowrates in MGD by Development Phase

1 2 3 4
5516 Wid6 Condor Encompassing the Preject St 167 | 157 | 157 | 157
Changes to the Flowrate of the Brackish Lens
Withdrawals by Brackish Wells
e For the Brackish Irrigation System 0.166 0.491 1.000 1.056
e To Supplement Golf Course Irrigation 0.000 0.491 0.252 0.233
Total Withdrawals 0.166 0.982 1.252 1.289
Returns to the Basal Lens
e Leakage From the Potable System 0.019 0.050 0.110 0.117
e Leakage From the Brackish System 0.018 0.053 0.107 0.113
e Leakage From the Golf Course System 0.000 0.072 0.072 0.072
Subtotal for Direct Leakage to Groundwater 0.037 0.176 0.289 0.302
e Irrigation Returns
= From Potable System Irrigation 0.005 0.012 0.022 0.024
= From Brackish System Irrigation 0.015 0.044 0.089 0.094
= From Golf Course Irrigation 0.000 0.060 0.060 0.062
Subtotal for Irrigation Return 0.020 0.116 0.141 0.178
Total of Returns to the Basal Lens 0.057 0.292 0.430 0.480
Net Reduction of the Basal Flowrate 0.109 0.690 0.822 0.809
Resulting Post-Develpoment Discharge of Basal Groundwater
Along the Shoreline
Quantity 15.591 | 15.010 | 14.878 | 14.891
Percent Reduction 0.7 4.4 52 5.2
Withdrawals and Additions to Saline Groundwater
Withdrawals for RO Desalinization 0.445 1.175 2.565 2.733
Return of RO Concentrate 0.267 0.705 1.539 1.640
Net Consumptive Use of Saline Groundwater 0.178 0.470 1.026 1.093

0_11-10 | May 7-11 -19 -
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The areas of landscape irrigation are as presented in Appendix A. Where acreages are not

given, they have been back-calculated from the irrigation use amount.

Nitrogen and phosphorus in fertilization of all landscaped areas, including the golf course, will be
applied at 3 Ibs/year/1000 ft? and 0.5 lbs/year/1000 ft?, respectively. In reality, the use of R-1

effluent on the golf course could reduce the amount of applied fertilizer.

Ten (10) percent of the applied nitrogen and two (2) percent of the applied phosphorus in the
fertilizer and in the irrigation water will pass below the plant root zone. The balance will be taken

up and incorporated into vegetative matter.
RO-treated potable water will contain 10 yM as nitrogen and 0.15 pM as phosphorus.

R-1 treated wastewater effluent will have 2000 pM as nitrogen and 150 pM as phosphorus. This

is representative of the concentrations of existing R-1 treatment plants in the State.

For both direct leakage and irrigation return, nutrients are naturally removed during the downward
travel through the vadose zone (unsaturated lavas) and movement with the basal groundwater to
discharge along the shoreline. Removal of nitrogen and phosphorus by natural processes will be
80 and 95 percent, respectively.

One-third of the 25 inches of year of rainfall over the 1975-acre project site presently becomes
groundwater recharge (that is equivalent to 1.22 MGD). As development occurs, the quantity of
groundwater recharge will remain essentially the same but the nutrient levels in this post-
development recharge will be increased by 70 uM in nitrogen and 2 uM in phosphorus. In reality,
the limited data on the quality of surface runoff from developed areas indicates that actual nutrient

levels will be less.

Based on the set of assumptions and calculations incorporated into Table 5, the amount of

nitrogen and phosphorus in groundwater withdrawn by the brackish wells will be greater than the amounts

returned to groundwater by leakage from the three water systems, by irrigation return from landscaped

areas, and by locally generated surface runoff that becomes groundwater recharge. The projected net

reductions of nitrogen and phosphorus are generally of the same magnitude as the projected reductions

in groundwater flow discharging at the shoreline. What this means is that there will be little change in

nitrogen and phosphorus concentrations in the shoreline discharging groundwater.

To see how sensitive the assumptions made in compiling Table 5 are to the final results, the

natural removal rates in the vadose (unsaturated) zone and in groundwater flowing to the shoreline have

-21-



been varied. In Table 5, removals of 80 and 95 percent for nitrogen and phosphorus were assumed.

These have been varied as follows:

° Alternative 1: Natural removals are reduced to 70 percent for nitrogen and 90 percent for
phosphorus.

° Alternative 2: Natural removal rates are reduced to 60 percent for nitrogen and 85 percent for
phosphorus.

Table 6 compares these results. For Alternative 1, the reductions of nitrogen and phosphorus
would ultimately be about one-half of the calculated reductions in Table 5. For Alternative 2, the nutrient

reductions would be significantly less.
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Appendix A

Unit Counts and Projections
of Water Use and Wastewater Generation
by Gray Hong Nojima & Associates, Inc.
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EXECUTIVE SUMMARY

Planning is underway for development of Kahuku Villages, a multi-land use project
located within the Ka’u District approximately seven miles north of Ka Lae (South
Point) on the southwestern shoreline of the Island of Hawaii. The project site consists
of 16,547 acres, which extends from the shoreline mauka. Of this area, about 15,000-
acres (93%) will be untouched and remain as open space. The concept for Kahuku
Villages centers on recognition and appreciation of the value of the natural and
cultural resources of the land, and will provide for the long-term stewardship and
preservation of these resources. In order to conserve and protect these resources,
approximately 600 acres along the coast will be set aside for the proposed
Hawaiian Heritage Center and a Shoreline Conservation Management Area. None
of the proposed land uses includes any direct alteration of the coastal areas or
nearshore waters.

Part of the planning process for the Kahuku Villages project includes an assessment
of the existing marine and aquatic settings. The rationale of this assessment was to
evaluate the composition and condition of the existing marine environment in terms
of water chemistry, coral reef community structure, and anchialine pool
composition. The existing conditions of the marine and anchialine pool
environments reflect the effects of naturally occurring groundwater input prior to the
commencement of any new construction activities. Combining this information with
estimates of changes in groundwater and surface water flow rates and chemical
composition that could are predicted to result from the proposed Kahuku Villages
project provides a basis to evaluate the potential future effects to the marine and
anchialine pool environments.

Field investigations of the nearshore marine and anchialine pool environments off of
the Kahuku Villages Project site were carried out in April 2009 and March 2011. The
assessment of water chemistry was carried out by evaluating data from 92 water
samples that were collected at six ocean transect sites and in anchialine pools
along the shoreline. Water samples were collected on transects perpendicular to
shore, extending from the shoreline to distances of approximately100-200 m
offshore. Analysis of fourteen water chemistry constituents included all specific
constituents in DOH water quality standards. Several nutrients (silica, nitrate + nitrite,
orthophosphate, total nitrogen and total phosphorus) displayed strong horizontal
gradients at several ocean transect sites with highest values closest to shore and
lowest values at the most seaward sampling locations. Correspondingly, salinity was
lowest closest to the shoreline, and increased with distance from shore. These
gradients were most pronounced at the northern boundary of the project site off
the Kanonone Pond area and Pohue Bay, and weakest on the transects off the
central-southern region of the project where the shoreline is composed of basalt
cliffs. These patterns are indicative of groundwater efflux at the shoreline, producing
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a zone of mixing where nearshore waters are a combination of ocean water and
groundwater.

Water chemistry constituents that are not major components of groundwater
(organic nitrogen and organic phosphorus) did not display as distinct gradients with
respect to distance from the shoreline, or depth in the water column. Chlorophyll a
was elevated in nearshore samples only on transects off of Kanonone Pond and
Pohue Bay with decreasing values moving seaward. Turbidity did not vary
throughout the sampling regime, and was essentially constant at low values from
the shoreline to the stations farthest from shore. Water chemistry constituents that
displayed distinct horizontal gradients also showed consistent variation between
surface and near-bottom (deep) samples, with higher nutrient values and lower
salinity in surface water relative to bottom water. Nearshore mixing of groundwater
and ocean water creates a buoyant surface lens of low salinity, high nutrient water
that is evident throughout the nearshore region fronting the project site.

The coastal area of Kahuku Villages contains a series of anchialine ponds. These
ponds have no surface connection to the ocean, and are essentially an
atmospheric exposure of the water table. Water within the ponds consists of a
mixture of seaward flowing groundwater and landward flowing seawater, and as
such the composition of water within the ponds responds to tidal changes.
Measured salinities of 4-5%. indicate pond water consisted of about 10-15% ocean
water and 85-90% with corresponding nutrient concentrations with respect to mixing
of groundwater and open coastal waters. For unknown reasons, water samples
collected in 2011 had consistently lower values of PO43- and NH4* than samples
collected from the same pools in 2009. Water clarity in all anchialine pools was
exceptionally good, indicating that even though nutrient concentrations are
elevated, plankton blooms are not occurring in anchialine pools. The lack of
plankton growth in the presence of high nutrients is a result of short residence time of
water in the pools, and grazing by native pond biota.

Application of a hydrographic mixing model to the water chemistry data was used
to indicate if increased nutrient concentrations in nearshore waters are the result of
mixing of natural groundwater with oceanic water, or are the result of inputs from
activities on land. The model indicates that at the time of sampling there were no
external subsidies of NOs- nitrogen to the ocean at any of the ocean transect sites,
indicating that the observed gradients are the result of natural processes of mixing
of groundwater and ocean water.

Evaluating water chemistry using DOH specific criteria for Open Coastal Waters
indicates many of the measurements in the nearshore areas off the Kanonone Pond
and Pohue Bay areas exceed standards, particularly for NOs-. As these standards do
not take into account mixing of high nutrient groundwater with ocean water in the
nearshore zone, such exceedances are expected. Area specific DOH water quality
standards for West Hawaii do not presently extend to the Ka'u District. If the West
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Hawaii specific criteria are applied to the data collected off of the Kahuku Villages
site, there would be no exceedance of the standards.

Characterization of the existing marine communities was carried out using
traditional photo-transect and visual censusing methods. The physical structure of
the nearshore marine habitat consists of a narrow reef bench or terrace that
terminates in a slope that extends to abyssal depths. Coral communities in the area
are typical of the assemblages found throughout West Hawaii, with the reef bench
populated predominantly by two major species (Pocillopora meandrina and Porites
lobata). Overall coral cover in the area was about 50% of bottom cover, with all
areas of hard bottom beyond the surf zone occupied with healthy coral. A
distinguishing feature of the reef was the occurrence of several exceptionally large
colonies of P. lobata on the order of several centuries old. Overall, coral
communities in the area are flourishing, with little indication of any reduction from
any stress conditions, including catastrophic storms. Populations of reef fish in the
area also appeared typical of West Hawaii reefs, although there was evidence of
high fishing pressure. The nearshore habitats of the Kahuku Villages site also
represents an important area for nesting of Hawksbill turtles.

Observations of anchialine pool biota indicated the presence of all representative
native species (particularly shrimp), and importantly, a lack of exotic fish species.
Invasive exotic species have been shown to be a major factor in degradation of
anchialine pools in other areas of West Hawaii. The lack of these invasive species at
the present time points to the importance of maintaining the existing conditions of
the anchialine pools throughout the development process.

Engineering analysis conducted by Tom Nance Water Resource Engineering
indicate that there will be only small reductions in both groundwater discharge and
nutrient discharge to the nearshore ocean over present conditions with full build-out
of the planned project. As the results of the assessment of existing marine
environment indicates that at present groundwater has essentially no effect on
marine community structure owing to physically driven mixing processes, the small
changes in groundwater dynamics associated with the project do not present a
mechanism for future negative effects.

Overall, results of the water chemistry analysis and characterization of marine and
anchialine pool biotic communities indicates that the Kahuku Villages area
probably represents as close as possible to a pristine coastal area unaffected by
most activities of man. As these existing communities have developed in response to
natural inputs from land, the projected changes brought about by the project do
not present the potential for significant change relative to the present. Planning of
the Kahuku Villages project focuses on continued maintenance and stewardship of
these natural resources to preserve them in the present pristine condition. As a result,
as long as best management practices are utilized to avoid any unforeseen impacts
during the construction and operational phases of the project, there is no rationale
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to indicate the potential for negative impacts to the marine and anchialine pool
environments.
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|. INTRODUCTION AND PURPOSE

Planning is underway for development of Kahuku Villages, located within the Ka’u
District approximately seven miles north of Ka Lae (South Point) on the southwestern
shoreline of the Island of Hawaii. The project site consists of 16,547 acres, which
extends from the shoreline mauka. Of this area, about 15,000-acres (93%) will be
untouched and remain as open space. An extensive network of trails and open
space will connect the mauka and makai areas, as well as provide lateral shoreline
access through the project. The concept for Kahuku Villages centers on recognition
and appreciation of the value of the natural and cultural resources of the land, and
will provide for the long-term stewardship and preservation of these resources.
Revenue generating land uses will be balanced with and help to fund resource
stewardship and preservation efforts.

The site possesses several notable natural and cultural resources including numerous
archaeological sites, historic trails, numerous anchialine pools, and varied pristine
coastal and marine resources, including nesting areas for the endangered Hawksbill
turtle. In order to conserve and protect these resources, approximately 600 acres
along the coast will be set aside for the proposed Hawaiian Heritage Center and a
Shoreline Conservation Management Area. The Hawaiian Heritage Center is
proposed to encompass the lands surrounding Pohue Bay and Keliuli Bay (Figure 1).
The Hawaiian Heritage Center will formalize and perpetuate the research and
education programs already conducted onsite, enable expansion of programs, and
promote an awareness and appreciation for the many natural and cultural
resources that the Kahuku ahupua’a possesses. Facilities that may be developed
within the Hawaiian Heritage Center include a visitor’s center, classrooms, meeting
space, laboratories, dormitory housing for researchers and students, a caretaker’s
residence, comfort stations, and campgrounds.

A shoreline conservation management area extending from about 300 feet to more
than 1,000 feet inland from the shoreline is proposed for all shoreline frontage of the
project site, and a management plan specifying measures to protect coastal
resources in the area will be developed.

Residential, commercial and visitor uses will be confined to a Mixed-Use Villages in
the makai portion of the site. The Mixed-Use Villages encompasses about 1,185
acres, and will consist of neighborhoods serving commercial establishments, single
and multi-family residential units, an 18-hole golf course, two hotel sites, parks, civic
uses, and a Veteran Administration Facility. A total of approximately 1,075 residential
units are proposed, including single-family units, multi-family units, live-work units,
senior housing, and estate lots.
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The two sites for visitor accommodations would be designed to be consistent with
the rural character of the region. Buildings would be low-rise and setback from the
shoreline by a shoreline conservation buffer. It is envisioned that the visitor
accommodations would cater to individuals with a desire to experience the natural
setting and rich cultural and natural resources.

The 18-hole golf course will be located on the periphery of the Villages core, and will
be designed and operated to meet strict environmental standards to ensure
minimal impact on near shore waters, such as Audubon certification which require
courses to comply with standards for operation including environmental planning,
wildlife and habitat management, outreach and education, chemical use
reduction and safety, water conservation, and water quality management.

While all planning and construction activities will place a high priority on maintaining
the existing pristine nature of the coastal and marine environments, it remains
necessary to address any potential impacts that may be associated with the
planned project. None of the proposed land uses includes any direct alteration of
the coastal areas or nearshore waters. The potential exists, however, for the project
to affect the composition and volume of groundwater that flows beneath the
project site, as well as possible effects of surface runoff that may emanate from the
project during rare storm events. As all groundwater that could be affected by the
project subsequently reaches the ocean, it is recognized that there is potential for
the project to affect the marine environment.

In the interest of addressing these concerns and assuring maintenance of existing
environmental quality, baseline fieldwork for an marine environmental assessment
and potential impact analysis of the nearshore areas off the Kahuku Villages
property was conducted in April 2009 (subsequent additional sampling was
conducted in March 2011). The rationale of this assessment was to evaluate the
composition and condition of the existing marine environment, particularly in terms
of water chemistry, coral reef community structure, and anchialine pool
composition. As the existing conditions of the marine and anchialine pool
environments are the result of input of naturally occurring factors, particularly
groundwater input, the characterization involves evaluating the effects that this
input has on water quality at the present time, prior to the commencement of any
new construction activities. Combining this information with estimates of changes in
groundwater and surface water flow rates and chemical composition that could
result from the proposed Kahuku Villages project provides a basis to evaluate the
potential future effects to the marine and anchialine pool environments. Predicted
changes in groundwater composition and flow rates have been supplied by Tom
Nance Water Resource Engineering (TNWRE 2011). Results of the combined
evaluations indicate if, and to what degree, there is the potential for negative
effects to the marine and aquatic environments from the proposed Kahuku Villages
project.
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II. CHARACTERIZATION OF WATER CHEMISTRY
A. METHODS

Six transect survey sites were established off of Kahuku Villages between the
northern end of the project site off of the Kanonone Pond area (KV-1) and near the
southern boundary of the property (KV-6). Transect Site KV-2 was located through
Pohue Bay; Site KV-3 was located in Keliuli Bay; Site KV-4 was located south of the
Ulua Fishing camp; and Site KV-5 was located off a complex of anchialine ponds
that occur near the shoreline on the southern section of the project (Figure 1).

Water quality was evaluated at each site on transects that were oriented
perpendicular to the shoreline and depth contours. Water samples were collected
at six locations (eight on Transect KV-1) on each transect from just seaward of the
shoreline to approximately 100 meters (m) offshore (0, 2, 5, 25, 50, and 100 m {200
m on Transect KV-2}). Such a sampling scheme was designed to span the greatest
range of salinity with respect to potential freshwater efflux at the shoreline.
Sampling was more concentrated in the nearshore zone because this area is most
likely to show the effects of shoreline modification. At sample locations where water
depth exceeded 1 m, samples were collected at two depths; a surface sample was
collected within approximately 10 centimeters (cm) of the sea surface, and a
bottom sample was collected within 50 cm of the sea floor. At sampling sites where
water depth was less than one meter, a single sample from within 10 cm of the
surface was collected at each station. In addition, samples were also collected
from representative anchialine pools and Kanonone Pond located along the
shoreline of Kahuku Villages (Figure 1).

Water quality parameters that were evaluated included the eleven specific
constituents for

Open coastal waters (Chapterl1-54, Section 06 (b) of the State of Hawaii
Department of Health (DOH) Water Quality Standards. These criteria include: total
nitrogen (TN), nitrate + nitrite nitrogen (NOs + NO>-, hereafter referred to as NO3),
ammonium nitrogen (NHs*), total phosphorus (TP), Chlorophyll a (Chl a), turbidity,
temperature, pH and salinity. In addition, silica (Si) and orthophosphate phosphorus
(PO43), were also reported because these constituents are indicators of
groundwater input and mixing, as well as biotic activity.

Fieldwork was conducted on April 14-15, 2009 using an inflatable boat launched
from the shoreline in Pohue Bay. A small replicate subset of near-shore and
anchialine pool samples was also collected on March 3, 2011. Samples from the
shoreline to 10 m offshore were collected by a swimmer working from shore. Near
bottom samples were collected using a 1.8 liter Niskin sampling bottle. The bottle is
lowered to the desired sampling depth with spring-loaded endcaps held open so
water can pass freely through the bottle. At the desired sampling depth, a weighted
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messenger released from the surface triggers closure of the endcaps, isolating a
volume of water.

All water samples were collected in triple-rinsed one-liter linear polyethylene bottles.
Subsamples for nutrient analyses were immediately placed in 125-milliliter (ml)
acid-washed, triple rinsed, polyethylene bottles and stored on ice. Analyses for Si,
NH4*, PO43-, and NO3- were performed on filtered samples with a Technicon
Autoanalyzer using standard methods for seawater analysis (Strickland and Parsons
1968, Grasshoff 1983). TN and TP were analyzed in a similar fashion following
digestion of unfiltered samples. Total organic nitrogen (TON) and total organic
phosphorus (TOP) were calculated as the difference between TN and dissolved
inorganic N (NOsz + NH4*) , and TP and dissolved inorganic P (PO43), respectively.

Water for other analyses was subsampled from 1-liter polyethylene bottles and kept
chilled until analysis. Chl a was measured by filtering enough water through
glass-fiber filters to detect color; pigments on filters were extracted in 90% acetone
in the dark at -20° C for 12-24 hours. Fluorescence before and after acidification of
the extract was measured with a Turner Designs fluorometer. Salinity was determined
using an AGE Model 2100 laboratory salinometer with a readability of 0.0001%o
(ppt). Turbidity was determined using a 90-degree nephelometer, and reported in
nephelometric turbidity units (NTU) (precision of 0.01 NTU).

In-situ field measurements of continuous vertical profiles of water temperature,
salinity, dissolved oxygen and pH were acquired at each sampling station using a
RBR Model XR-42 CTD calibrated to factory standards (precision of 0.01°C, 0.001%o,
0.001% Oz saturation, and 0.001 pH units).

All fieldwork was conducted by Dr. Steven Dollar, David Chai and Tom Nance. Al
laboratory analyses were conducted by Marine Analytical Specialists located in
Honolulu, HI (Labcode: HI 00009). This analytical laboratory possesses acceptable
ratings from EPA-compliant proficiency and quality control testing.

B. RESULTS
1. Horizontal Stratification

Tables 1 and 2 show results of all water chemistry analyses for samples collected off
the Kahuku Villages site on April 14, 2009. Table 3 shows results for water samples
collected on March 3, 2011. Tables 1 and 3A shows concentrations of dissolved
nutrients in micromolar (UM) units; Tables 2 and 3B shows concentrations in
micrograms per liter (ug/L). Concentrations of eight dissolved nutrient constituents in
surface and near bottom samples are plotted as functions of distance from the
shoreline in Figure 2. Values of salinity, turbidity and Chl a as functions of distance
from shore are shown in Figure 3.
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Several patterns of distribution are evident in Tables 1 and 2 and Figures 2 and 3. It
can be seen in Figure 2 that the dissolved nutrients Si and NO3-, and to a much lesser
degree PO43,

show substantial elevation in concentration in the samples near the shoreline, with
progressively decreasing concentrations with distance from shore. Salinity displays
the opposite trend, with sharply lower concentrations in the samples near the
shoreline, and increasing values with distance from shore (Figure 3). While the
gradients of Si, NO3z- and salinity occurred on all transects, the greatest peak in
nutrients and lowest salinity of shoreline samples occurred at Transect KV-1, located
at the northern boundary of the Kahuku Villages property off the Kanonone Pond
complex. Following Transect KV-1, the steepest gradients are at Transect KV-2, 3 and
5, while there is little indication of horizontal stratification on Transects KV-4 and 6.
Beyond about 50 m from the shoreline, horizontal gradients of dissolved nutrients
and salinity are not clearly evident on any transect, and concentrations are
uniformly low to distances of 100 m from shore (Figures 2 and 3, Tables 1 and 2).

These patterns are a result of concentrated input of groundwater to the ocean at or
near the shoreline fronting some areas of the Kahuku Villages project site. Low
salinity groundwater, which typically contains high concentrations of Si, NOz-, and
PO43- percolates to the ocean at the shoreline, resulting in a nearshore zone of
mixing. In many areas of the Hawaiian Islands, particularly off the coast of West
Hawaii, such groundwater percolation results in steep horizontal gradients of
increasing salinity and decreasing nutrients with distance from shore.

While groundwater discharge to the ocean is typical along much of the coastline of
West Hawalii, there is a high degree of variability in the effect of groundwater input
to the ocean. The variability is a result of both topographic and geologic structure of
the shoreline area, as well as mixing with marine waters by oceanographic
processes in the nearshore zone. Such variability is evident in the differences
between groundwater signatures at the six transect sites at Kahuku Villages.

Transect Site KV-1, located at the northern end of the property displays values of Si
and NOs that are two orders of magnitude higher than the shoreline value at
Transects KV-4 and 6, located in the central-southern portion of the property.

Water chemistry parameters that are not associated with groundwater input (NH4",
TON, TOP) show a pattern of decreasing concentration with respect to distance
from the shoreline only on Transect KV-1. On Transects KV-2-6 concentrations of
NH4*, TON and TOP are generally similar throughout the horizontal range of the
transects (Figures 2 and 3, Tables 1 and 2).

Similar to the patterns of dissolved inorganic nutrients, the distribution of Chl a also
displays peaks near the shoreline with steeply decreasing gradients with distance
from shore only on Transects KV-1 and 2 (Figure 3, Table 1). Turbidity did not show a
pattern of elevated values in the samples collected near the shoreline. Turbidity of
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all samples from the shoreline to the stations farthest from shore was consistently low,
with a range of 0.05 to 0.24 NTU (Table 1, Figure 3).

2. Vertical Stratification

Tables 1 and 2 and Figures 2 and 3 also show concentrations of water chemistry
parameters as functions of distance from shore in samples collected from surface
and deep water. It can be seen in Tables 1-2, and Figures 2-3 that for the
constituents that displayed distinct horizontal gradients, there is also distinct variation
between surface and near-bottom (deep) samples. Surface values of Si and NOs3-
were substantially higher than deep values, while corresponding values of salinity
were lower in surface samples relative to deep samples. While the difference
between surface and deep samples was not as large as with Si and NOg, there is
also a slight indication of a pattern of differences in surface and deep
concentrations of PO43, but not for TOP and TON. Nearshore mixing of groundwater
and ocean water creates a buoyant surface lens of low salinity, high nutrient water
that is evident throughout the nearshore region fronting the project site (Tables 1
and 2). With the lack of physical mixing in terms of waves and currents (at least
during the time of field sampling), the stratified water column persists along the
entire length of some of the sampling transects off of the Kahuku Villages property.

Nutrient constituents not associated with groundwater input (NHs*, DON and DOP)
do not exhibit any consistent discernible relationship with respect to vertical
stratification. Likewise, turbidity and Chl a also showed no consistent trend with
surface values not consistently elevated relative to bottom values (Tables 1-2, Figure
3).

3. Anchialine Pool Water Chemistry

Water chemistry constituents (nutrients, salinity, pH and turbidity) from 10 anchialine
pool water sampled in 2009 are shown in Tables 1 and 2, while results from samples
from 6 pools sampled in 2011 are shown in Table 3. While it is recognized that water
chemistry parameters in anchialine pools fluctuate at several time scales, it was
beyond the scope of the present baseline survey to ascertain the absolute values of
temporal fluctuation caused by diurnal tidal cycles, direct rainfall, solar warming,
wind and possibly seasonal changes in groundwater discharge. Rather, chemical
parameters were used to establish if the pools on the Kahuku Villages site fit within
the "average" ranges of west Hawaii anchialine pools, or if they represent
anomalous environments.

Salinities of all pools ranged from 4.4%o. to 6.1%0. During both surveys salinities were
measured at low tide so it can be expected that these values represent the low end
of the range of tidal variation in ocean water dilution. Salinity can be expected to
oscillate with the tidal cycle; at high tide salinity will be maximized owing to greatest
inland excursion of seawater.
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Maciolek and Brock (1974) found that the average salinity of 289 anchialine pools in
West Hawaii was 7%o0, while average salinity of the pools on the Kahuku Village site
was 4.4%o0 in 2009 and 5.1%. in 2011. The slightly lower average for the Kahuku
Village pools measured for this project relative to measurements in 1974 may reflect
differences owing to state of tide, but it is appears that the Kahuku Village pools do
not represent anomalies in terms of salinity.

In general, dissolved inorganic nutrient concentrations (Si, NOs-, PO4%) of pond
waters are substantially higher that ocean waters, while salinity was lower than
ocean water (Tables 1-3). Concentrations of inorganic nutrients and salinity were of
the same order of magnitude in all ponds. The average concentration of NO3z was
43.6 uM, with a maximum value of 55.7 uM and a minimum of 24.4 uM. Average
concentration of Si was 626 uM, with a maximum value of 670 uM and a minimum of
576 uM. Of note is that turbidity and Chl a in ponds were generally similar to the
values in nearshore ocean samples (Tables 1-2).

Sampling of ponds in 2011 showed some similarities and some differences between
sample values from 2009 (Tables 1-3). While the average pond value of NOz in 2011
(42.8 pM) is very similar to 2009 (43.6 pM), there are order of magnitude difference
between years for PO43- and NH4* with values in 2011 consistently lower. There is no
apparent explanation of the large differences in PO43 and NHs* between survey
years. Average salinity in the ponds was very similar between sampling events
(4.38%0 in 2009; 4.93%o0 in 2011).

The pH of all pools was similarly representative of "normal” pond waters. The range of
pH (7.99-8.27) indicates that metabolic activity is not generating CO; to an extent
that the water column can be considered uninhabitable by pond organisms.

Inspection of the Kahuku Village anchialine pools indicated that water columns in
all ponds were exceptionally clear. Even pools with surface algal mats had
underlying clear water columns. Turbidity measurements in 2009 ranged from 0.07 to
0.20 ntu, with an average of 0.13 ntu. These low turbidity values also indicate that
the pond water columns are largely devoid of suspended sediment and planktonic
organisms.

The dominant trend in nutrient characteristics in anchialine pools is that
concentrations of all inorganic nutrients [nitrate + nitrite (NO3z- +NOy), silica (Si),
orthophosphate (PO43")] are one to two orders of magnitude higher than ocean
water (Tables 1-3). This pattern indicates the overwhelming contribution of
groundwater, compared to ocean water, to the nutrient concentrations of
anchialine pools. In addition, the concentrations of ammonium nitrogen( NHa*)
which is an organic form of nitrogen, not typically found in high concentration in
groundwater relative to ocean water, is also an order of magnitude greater in the
pools than in most ocean samples. It is important to note that although nutrient
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concentrations in the ponds are high, water column plankton concentrations are
low, with the mean value of Chl a in ponds of 0.07ug/L. While the elevated nutrient
concentrations in the pools indicated that they are not nutrient limited,
phytoplankton growth is restricted owing to the rapid turnover of water in the ponds
relative to plankton growth rates. This characteristic of many young anchialine
ponds is an important consideration in evaluating the effects of shoreline
development on pond ecosystem function.

4. Conservative Mixing Analysis

A useful treatment of water chemistry data for interpreting the extent of material
input from land is application of a hydrographic mixing model. In the simplest form,
such a model consists of plotting the concentration of a dissolved chemical species
as a function of salinity (Officer 1979, Smith and Atkinson 1992, Dollar and Atkinson
1992). The concept of using such mixing models which scale nutrient concentrations
to salinity has been recently used by the State of Hawaii Department of Health for
establishing a unique set of water quality standards for the West Coast of the Island
of Hawaii [Hawaii Administrative Rules, 811-54-06 (d)]{although the geographical
boundaries of these unique standards does not extend to the Ka’u district}.

Comparison of the curves produced by the distribution of data with conservative
mixing lines provides an indication of the origin and fate of the material in question.
If the parameter in question displays purely conservative behavior (i.e., no input or
removal from any process other than physical mixing), data points should fall on, or
near, the conservative mixing line. If however, external material is added to the
system through processes such as leaching of fertilizer nutrients to groundwater,
data points will fall above the mixing line. If material is being removed from the
system by processes such as biological uptake, data points will fall below the mixing
line.

Figure 4 shows plots of the concentrations of Si, NOs-, PO43, and NHs* as functions of
salinity for the samples collected at each ocean transect station and anchialine
pool in April 2009 and March 2011. Each graph also shows conservative mixing lines
constructed by connecting the end-member concentrations of open ocean water
deemed to be beyond the influence of land (collected 200 m offshore of Pohue
Bay at a depth of approximately 33 meters), and groundwater concentration from
an upland potable well located in Hawaiian Ocean View Estates (HOVE 0545-01).

Dissolved Si represents a check on the model as this material is present in high
concentration in groundwater, but is not a major component of fertilizer or other
man-made materials. In addition, Si is not utilized rapidly within the nearshore
environment by biological processes. It can be seen in Figure 4 that data points for
all ocean transect sites as well as all anchialine pools fall in a linear array on, or very
close to the conservative mixing line.
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Linear regression of the concentrations of Si as a function of salinity indicates that for
all six transects, there are significant R2 (proportion of variation explained) indicating
that the concentration of Si is dependant on salinity (R2 = 0.99; F=0.00). The Y-
intercept of the regression of Si as a function of salinity can be interpreted as the
expected concentration at a salinity of zero. As groundwater has salinity close to
zero (0.537%o0, Table 1-2), the Y-intercept can be used to evaluate the relationship
between upslope groundwater and groundwater that is entering the ocean at the
shoreline. For the potable Hawaiian Ocean View Estate (HOVE) well sampled
upslope of Kahuku Villages, the concentration of Si was 679 uM, which would equal
a Y-intercept of 690 uM. The upper and lower 95% confidence limits of the Y-
intercepts of the regression lines of Si in ocean samples vs. salinity for the combined
three transects are 731and 740 uM, which is slightly higher than the intercept of the
well and seawater concentrations. It is also apparent that there is no substantial
difference in the slopes of mixing lines between samples collected in 2009
compared to 2011.

Concentrations of Si from anchialine pool water samples are also shown as functions
of salinity in Figure 4. While all pool data points lie in the vicinity of the mixing line,
there is a general trend of pool samples from 2009 lying slightly above the mixing
line, while samples from 2011 lie below the mixing line. While the bounds of the
confidence limits for the regression are slightly different than the value from a single
well sample, this result still supports the assumption that Si is behaving as a
conservative tracer and that well water sampled from the upslope well is similar in
composition to groundwater entering the ocean and ponds at Kahuku Villages.

The plots of concentrations of NOz in ocean samples versus salinity show a slightly
different distribution than Si, although the regression statistics are identical ((R2 =
0.99; F=0.00) (Figure 4). In general, most of the ocean data points for all transects fall
below the mixing line. Only two data points from Transect 5 are on or above the line.
In addition, there is distinct upward concave curvilinearity in the distribution of
ocean data points. Such upward curvilinearity suggest biotic uptake within the
nearshore ocean. Curvilinearity is most pronounced at the nearshore area of
Transect site 1, which was located on the reef flat off of Kanonone Pond at the
northern boundary of the Kahuku Villages property. The upper and lower
confidence limits of the Y-intercepts of the concentrations of NO3z- for the combined
six transects is 41.3-43.9 uM, while the concentration of NO3" in upslope potable
water is 57 uM. Hence it can be concluded that at present there is no subsidy of
NOs to the ocean shoreline other than that of pristine unaltered natural
groundwater. Rather, there is a depletion of NOs-in the nearshore ocean relative to
what would be expected from simple conservative mixing of groundwater and
ocean water. With respect to the anchialine pools, data points plotting
concentrations of NO3z- versus salinity fall in a wide array that are primarily below the
mixing line. Such a wide distribution indicates that there are other processes besides
mixing of ocean water and groundwater occurring in the ponds to alter the nutrient
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composition. As most of the data points lie below the mixing line, it is likely that
photosynthetic uptake of NOsz- is occurring in the ponds. The scatter of data points
between sampling years suggests that there were no significant differences in pond
chemistry between 2009 and 2011.

PO43 is also a major component of fertilizer and sewage. However, PO43 is usually
not found to leach to groundwater to the extent of NOs-, owing to a high absorptive
affinity of phosphorus in soils or rock. It can be seen in Figure 4 that the difference in
the concentrations of PO43 in groundwater (0.50 uM) and ocean water (0.12 uM)
are relatively small compared to the differences of two or three orders of magnitude
between concentrations of Si and NOsz-in groundwater and ocean water. As a
result, the mixing line for PO473 is nearly flat, and the data points from samples
collected in the ocean area scattered above and below the mixing line. While the
pattern for PO43 is less pronounced than for Si and NOg-there is still a highly
significant regression value (R2=0.82, F=0.001) indicating that the concentration of
PO43is dependent on salinity.

When the concentrations of PO43 in anchialine pools are plotted versus salinity,
there is a substantial difference between 2009 and 2011. Data points from 2009
extend from the mixing line upward to a value of approximately 1.8 uM, which is
nearly three fold higher than would be expected on the basis of mixing of
groundwater and ocean water. There is no such excursion of data points from pond
samples collected in 2011. This pattern indicates that there were subsidies of PO43-
entering the ponds from sources other than naturally occurring groundwater in 2009
but not in 2011. The elevation of several of the ocean sampling points above the
conservative mixing line in 2009 suggest the subsidy evident in the anchialine pools
may have also been mixed into the nearshore ocean.

The other form of dissolved inorganic nitrogen, NH4*, shows a different relationship
than Si and NOs-, but a similar relationship to PO43. Plots of concentrations of NH4*
versus salinity exhibit only a weak linear trends with respect to salinity (Figure 4),
although linear regression of concentrations of NH4* vs. salinity is significant (R2 =
0.73; F=0.003). As with PO43, there is a distinct difference in the values of pond
samples collected in 2009 and 2011, with substantially higher values in the earlier
year. These results suggest that during 2009, some factor other than pure mixing of
groundwater and ocean water was responsible for increasing the concentrations of
POs3and NH4* (but not NO3s and Si) in the anchialine pools. Whatever the cause of
the subsidies, they were not apparent in 2011.

5. Compliance with DOH Criteria

Tables 1 and 2 also show samples that exceed DOH water quality standards for
open coastal waters under “wet” and "dry" conditions. The distinction between
application of wet and dry criteria is based on whether the survey area is likely to
receive less than (“dry”) or greater than (“wet”) 3 million gallons of freshwater input
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per mile per day. DOH standards include specific criteria for three situations; criteria
that are not to be exceeded during either 10% or 2% of the time, and criteria that
are not to be exceeded by the geometric mean of samples. All of these criteria
area based on comparing replicate data sets collected as time-course series. So
evaluation of the “10% or 2% of the time” and “geometric mean” criteria for the
small data set presently acquired is not statistically meaningful. However, comparing
sample concentrations to these criteria provide an indication of whether water
quality is near the stated specific criteria.

Boxed values in Tables 1 and 2 indicate measurements which exceed the DOH 10%
standards under “dry” conditions, while boxed and shaded values show
measurements which exceed DOH 10% standards under “wet” conditions. On
Transect 1, values of NOz-, NHs* and TN exceeded both the wet standards within 2 m
of the shoreline, and the dry standards within 10 m of the shoreline. On Transect 2,
within Pohue Bay, values of NO3z- exceeded dry standards up to 50 m of the
shoreline, while NHs* exceeded dry 10% standards up to 100 m from shore. No
samples exceeded standards on Transects 4 and 6. No values of turbidity or
Chlorophyll a exceeded any of the DOH standards.

As naturally occurring groundwater contains elevated nutrient concentrations
relative to open coastal water (particularly for NOz-, and TN), input of naturally
occurring groundwater is likely a factor in the exceedances of DOH standards, as
the general standards presently do not include considerations for such natural
factors. As the area of study for this project consists of a pristine environment with
respect to effects from human factors, the exceedance of DOH standards for open
coastal waters reflect natural conditions. Considerations of the effects of naturally
occurring groundwater mixing in the nearshore ocean have been applied to a
special set of DOH standards for West Hawaii, although at present the geographical
boundaries for these conditions does not extend to the Ka'u district, and as such
they are not applicable to the Kahuku Villages project. If the West Hawaii specific
criteria were applied to the data collected for the present assessment, there would
be no exceedances for nitrate nitrogen, which is the chemical constituent that is
most commonly affected by human land use activities. Thus, it is important to
understand that exceedance of water quality standards does not necessarily
indicate impaired waters, particularly in areas near the shoreline where measurable
groundwater input occurs. State of Hawaii Department of Health Water Quality
standards exempt anchialine pools from meeting specific water quality criteria,
including inorganic nutrients, likely because it is well recognized that nutrient
concentrations vary substantially in pool waters owing to groundwater input.

[ll. EVALUATION OF BIOTIC COMMUMITIES

A. METHODS
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All field work was conducted using SCUBA equipment working from a 12-oot
inflatable boat launched from the shoreline of Pohue Bay. Several methods were
employed in the collection of qualitative and quantitative data. Qualitative
reconnaissance surveys covering the entire coastal area fronting the development
parcel were conducted by slowly towing a diver behind the boat. These surveys
were useful in making comparisons between areas, identifying any unique or
unusual biotic resources, and providing a general picture of the physiographic
structure and benthic assemblages occurring throughout the region of study.
Following the preliminary survey, six quantitative transect sites were surveyed
offshore of the development area, at the approximate same locations as the water
quality transects (see Figure 1). At each site, two line transects were conducted at
areas deemed representative of the community which corresponded to the
generalized major reef zones of West Hawaii. Each transect is designated by the
station location and the depth. For example Transect 1-15 is located at station KV-1
at a depth of 15 feet.

Transects were 50 meters (m) (~165 feet) long and were oriented parallel to the
shoreline. Beginning at the origin of the transect a surveying tape was laid out over
the reef surface parallel to depth contours. A PVC quadrat frame with dimensions of
one meter by two-thirds meter was sequentially placed over ten random marks on
the transect tape so that the tape bisected the long axis of the frame. At each
quadrat location a color digital photograph recorded the segment of reef area
enclosed by the quadrat frame. In addition, a diver with knowledge of the
taxonomy of resident species visually estimated the percent cover and occurrence
of organisms and substrate types within the quadrat frame. Only macrofaunal
species greater in size than approximately 2 centimeters were noted; no attempt
was made to identify and enumerate cryptic species dwelling within the reef
framework, or nocturnal species that inhabit the reef surface only at night.

Following the period of field work, quadrat photographs were projected onto a grid
and units of bottom cover for each species and bottom type were calculated. This
information was combined with the in-situ cover estimates and the combined
assessment provided the data base for the benthic community structure analysis.
Species diversity was calculated using the Shannon-Wiener Index, and can be
equated with the equitability, or dominance, of distribution of the species occurring
on each transect.

The practical advantages of photo-transects are numerous: most species can be
easily and accurately identified from digital photographs, and the digitized data
provides a permanent record for subsequent time-series comparisons. Also, photo-
qguadrat sampling is rapid and efficient with respect to time and data collected,
which is an important consideration under conditions where underwater time is
restricted by cost and depth. All photo-quadrats are presented in Appendix A of this
report.
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Quantitative assessment of reef fish community structure was conducted in concert
with the benthic assessments. As the transect tape was being laid along the bottom,
all fishes

observed within a band approximately 2 m wide along the transect path were
identified to species and enumerated. Care was taken to conduct the fish surveys
so that the minimum disturbance by divers was created, ensuring the least possible
dispersal of fish. Only readily visible individuals were included in the census. No
attempt was made to seek out cryptic species or individuals sheltered deep within
the reef framework.

Location of all anchialine pools was determined by walking the entire development
shoreline and coastal zone. Each pool was numbered and classified according to
pond type and size. In some instances where a group of ponds was connected,
the point of division into separate ponds was somewhat arbitrary.

Anchialine pool biota was assessed by inspecting each pond and noting
conspicuous fauna and flora. Observed species were categorized in four
abundance classes (Rare; Uncommon; Common and Abundant). Ponds were
disturbed as little as possible during collections so any organisms that inhabit the
sediment column might have been overlooked. All ponds were surveyed during
daylight hours, while representative ponds were inspected at night to ensure that all
species groups present were observed.

B. RESULTS

1. Offshore Physical Setting

While the physical setting of the offshore region varies somewhat throughout the
length of the development, most of the area is characterized by the typical
descriptive pattern of the nearshore environments of West Hawaii (Dollar 1985,
Dollar and Tribble 1995). The shoreline consists of either vertical sea cliffs formed
when lava flows reached the sea, or sloping sand and cobble beaches. Several
black sand and coral cobble beaches occur on the property, while Pohue Bay is
the only well-defined white sand beach. Keliuli Bay is the only other well-defined
shoreline feature consisting of a narrow steep-sided bay at the base of a cinder
cone.

Underwater topography is characterized by a narrow basaltic shelf terminating in a
shelf break that descends as a sharp sandy slope devoid of most biota that extends
to abyssal depths. A characteristic of most of the offshore area is the paucity of reef
flat or intertidal shallows, as most of the coastline drops off to a depth of I0 tol5 feet
at the base of the shoreline cliffs. A relatively unique feature of the development

area is the narrowness of the nearshore reef terrace or platform and proximity of the
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reef slope drop-off to the shoreline. In many areas the nearshore platform is only 50
to 70 feet wide, and within 100 feet of the shoreline the offshore slope reaches
depths greater than 200 feet.

The nearshore terrace is the major site of early reef development and provides the
settling surfaces for reef corals, which comprise the dominant benthic biota. Near
the shoreline in areas where lava flows have reached the ocean, topographic
features such as caves and arches are common. The seaward edge of the
nearshore reef terrace along much of the development shoreline is composed of
steep vertical basalt cliffs. Figures 5 through 9 show representative characteristics of
the offshore areas that are described above.

A final point in regard to the physical structure of the marine environment is that in
general, the geologically young age of the island of Hawaii limits the development
of true "coral reefs." Rather, the majority of offshore benthic ecosystems are more
accurately "coral

communities". The distinction is that, for the most part, corals are growing on
substrata composed of basaltic rock, rather than on calcareous rock of organic
origin.

2. Benthic Community Structure

The majority of the offshore environment fronting the proposed Kahuku Village
consists of the "typical" West Hawaii nearshore zonation scheme which has been
described in detail by Dollar (1982) and Dollar and Tribble (1993). This zonation
pattern is formed in response to the range of natural variability of environmental
stress, predominantly wave energy, exerted on the different regions of the reef.
Three zones, each characterized by a distinctive substratum type, depth range,
range of physical conditions, and single dominant coral species make up the coral
community. Twelve quantitative survey transects were conducted at 6 reef survey
sites. Benthic community survey data are summarized in Table 4. Survey transects
were selected to characterize the dominant zonation patterns of biota, primarily
reef corals and reef fish communities. Overall, coral cover on all transects averaged
50.3% of bottom cover. Mean coral cover on the 15-foot depth transects was 45.6%,
with a range of 32.6% to 56.5%. On the 30-foot deep transects, there was a mean of
55.0% coral cover, with transect cover ranging from 44.6% to 67.5%. Number of coral
species on 15-foot transects ranged from 5 to 7, while on the 30-foot transects,
number of species ranged from 3 to 7.

The most shoreward reef zone is comprised of the seaward continuation of the
basaltic shoreline and boulder terraces. Owing to the shallow depth and proximity
to the shoreline, this region receives most of the force of breaking waves and surge.
In some areas very close to the shoreline, these forces are so extensive that corals
and other macro organisms are essentially absent. Beyond the wave-break impact
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zone coral cover can be considered extensive. Pocillopora meandrina, a sturdy
hemispherical branching species is the dominant coral colonizer of the nearshore
basalt platform. This species has a small adult colony size of short densely packed
branches. Such a growth form is adapted to settle in areas too harsh, in terms of
wave scour and physical abrasion, for other species and rapidly colonizes newly
cleared surface. It is commonly found growing on the vertical walls of the sea cliffs
and boulders near the shoreline (Figures 5 and 6). The shallowest transects (15 foot
depths) at all of the Kahuku Village survey stations traversed such a Pocillopora
meandrina-platform zone (Table 4A). In some regions of the nearshore reef, the
seaward edge of basalt platform terminated in a vertical face several meters high
that terminated in a lower reef terrace covered with accumulated fragments of
broken coral colonies (Figure 5). Transect data revealed that transect coral cover in
the shallow nearshore zone ranged from about 33% to 56% (Table 4A). Within the
shallow zone, Pocillopora meandrina comprised about 22% of bottom cover and
48% of coral cover. The other dominant coral species that occurred in the nearshore
zone was Porites lobata, which comprised about 16% of bottom cover and 36% of
coral cover. Montipora capitata and M. patula accounted for about 5% of bottom
cover and 13% of coral cover. Hence, these four species made up 97% of coral
cover in the shallow nearshore zone (Table 4A).

Seaward of the edge of the shallow surge zones, the bottom i s predominantly a flat
basaltic terrace, interspersed with lava extrusions and sand channels. The reef
terrace varies from about 200 to 400 feet wide, with a depth range of about 20 to 50
feet. As mentioned above, however, a characteristic of the Kahuku Village offshore
region is a very narrow reef terrace. The major "reef-building” zone terminates in a
sharp break in incline that continues as a deep reef slope. The dominant coral in this
region is Porites lobata which assumes a variety of growth forms, although this area
is colonized by the largest diversity of coral species (Figures 7 and 8). The most
common growth forms are flat encrusting plates or dome-shaped structures. Some
of these large dome-shaped structures are up to several meters in diameter and
height, making them several centuries old and representing some of the largest
colonies observed in the Hawaiian Islands (Figure 9). The occurrence of these huge
colonies suggests that the area has not been subjected to the upper end of
extreme storm events which result in the near complete removal of corals on
nearshore reef terraces in West Hawaii (Dollar 1982).

Transects at the 30 foot depth traversed typical Porites lobata-reef bench
environment. It can be seen in Table 4B that total coral cover in the P. lobata-reef
building zone ranges from about 45% to 62% of bottom cover. Typically, at the
seaward edge of the reef, bench, the slope of the bottom increases and substratum
consists primarily of unconsolidated rubble and sand. These deeper parts of the reef
bench and the upper reef slope (below about 60 feet in depth) provide the most
stable environment in terms of destructive force from wave stress (Figure 9). In such
areas of minimal wave stress where there is enough solid substrata for coral
settlement to take place, the fragile branching species Porites compressa
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(commonly called "finger coral") dominates bottom cover. In some areas Porites
compressa covers the reef slope in the form of dense interconnected thickets that
extend to a depth of approximately 60-90 feet, and can extend for hundreds of
square meters. Coral cover in areas of these thickets is the highest on the entire reef.
Transect 1-30 traverses an area with about 44% bottom cover of Porites compressa
(Table 4B, Figure 8). While Porites compressa is a dominant coral on the reef shelf,
Porites lobata is the species with overall highest cover on all of the 30-foot transects,
accounting for 27% of bottom cover and 49% of coral cover. Pocillopora meandrina
also occurs on the reef flat, but in much lower abundance than on the nearshore
boulder areas (Table 4B). The mats of P. compressa, however, are highly susceptible
to severe damage from breaking waves. Observations of damaged P. compressa
thickets observed throughout areas of West Hawaii indicate recent impact of large
breaking waves. While the extent of mats of P. compressa on the reefs off of Kahuku
Villages is much reduced compared to other areas of West Hawaii only slight
damage was observed indicating that the area is not heavily stressed by long-
period swells as other areas (e.qg., Dollar 1982). Below the lower limit of extensive
coral growth, bottom cover consists of expanses of white sand and rubble.

The major taxa of benthic organisms, other than corals occurring on the reef terrace
off the Kahuku Village are sea urchins (Echinoidea) and sea cucumbers
(Holothuroidea). By far the most abundant urchins are the two species that bore into
limestone surfaces, Echinometra matheai and Echinostrephus aciculatus. In the
shallow reef terrace zones, densities of these urchins are often on the order of 10
individuals per square meter. Less abundant, but ubiquitous across the entire reef
are the larger species of urchins, Tripneustes gratilla, Echinothrix diadema and
Heterocentrotus mammilatus. The most common of the sea cucumbers are the
species Holothuria atra and H. mauritiana, which occur mainly on the outer reef
terrace. Sea stars, predominantly Linckia spp. were observed sporadically over the

entire nearshore region. No crown-of-thorns starfish (Acanthaster planci) were
observed during the course of the present survey.

Marine flora encountered was dominated by encrusting calcareous algae which
covers bared basalt and limestone surfaces and the non-living parts of coral
skeletons. The most

common forms of encrusting algae were Porolithon spp. and Peysonellia rubra
which grows on the bases of Porites compressa branches. Frondose benthic algae
are generally rare on the reefs of west Hawaii' and there were no areas of dense
algal growth observed on the outer reefs off Kahuku Villages.

The design of the reef survey was such that no cryptic organisms or species living
within interstitial spaces of the reef surface were enumerated. Since this is the
habitat of the

majority of mollusks and crustacea (at least during the day), detailed species counts
were
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not included in the transecting scheme. However, no dominant communities of
these classes of biota were observed during surveys at any of the study stations.

As a whole, the benthic communities offshore of the proposed Kahuku Village
development represent an essentially pristine assemblage of typical Hawaiian reef
organisms. With the exception of the occurrence of several extremely large colonies
of Porites lobata on the reef bench, none of the communities represented what
could be considered rare or unique ecosystem components.

3. Reef Fish Community Structure

A rich and diverse fish community, typical of West Hawaii was found in all reef areas
off the proposed development. This community has been described in detail by
Hobson (1974). The highest concentration of fish occurred at or near transects
containing areas of greater bathymetric relief, especially along drop-offs, ledges,
and large coral colonies.

A total of 66 species of fish were observed on transects; on a single transect species
number ranged from 13 to 27, while individual fish encountered on transects ranged
from 55 to 176 (Table 5). Inshore transects (15 feet) tended to have greater number
of species but fewer individuals than deeper transects. The lower number of inshore
fishes is probably a result of less habitat complexity compared to the outer reef
area.

Several representative groups of reef fish were especially abundant on the Kahuku
Villages reefs. Algal-feeding Acanthurids were the most numerous single group of
fishes observed (284 individuals). At depths greater than 30 feet, the species
Zebrasoma flavescens (yellow tangs), and Ctenochaetus strigosus (orange-eye)
were particularly abundant. At shallower sites, Acanthurus nigrofuscus (brown
surgeonfish) were the most common species.

Planktivorous damselfishes, principally of the genus Chromis, were also abundant
(484 individuals). The species Chromis hanui and C. verator predominated at the
outer edge of the reef shelf and into deeper water over the reef slope, whereas C.
vanderbilti was the dominant species in shallow water. The triggerfishes
Melanichthys spp. were commonly seen congregating in the water column.
Juvenile reef fishes were most abundant at the deeper reef habitats within the
matrix created by branching stands of Porites compressa. The lattice structure
formed by this coral provides a sheltered refuge for small fish. Juveniles belonged
mostly to the family Acanthuridae (surgeonfishes), with representatives from the
families Labridae (wrasses), Mullidae (goat fishes), and Chaetodontidae (butterfly
fishes). In areas where coral rubble was abundant, common fishes included the
angelfish (Centropyge potteri), and several wrasses, notably Pseudochilius
tetrataenia and P. octotaenia. A few large kahala (Seriola dumerillii) were also
noted in the deeper regions of the reef.
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Although the coastline along the project area harbors an abundant and diverse fish
fauna, it is also apparent that the area is subjected to a surprising degree of fishing
pressure considering the remote location of the site. Although individuals of the
introduced blue-spotted grouper (Cephalopholus argus) were seen, size and
abundances of fishes considered good "food fish" clearly indicated heavy fishing
pressure. Relatively few carangids (i.e. jacks, papio) were sighted, although several
small omilu (Caranx melamphygus) were sighted in inshore areas where water
turbulence was high. Similarly, the scarcity of larger goatfishes and parrotfishes
suggests that these species are impacted by fishing pressure. Inspection of rocky
ledges and coral heads revealed fair numbers of squirrelfish, but less than would be
expected in an unfished area. Few spiny lobsters were observed. Although limpets
were large and abundant along particularly rugged parts of the coastline,
substantial harvesting of this commercially valuable species had clearly occurred in
areas which were accessible by land.

Fishing pressure is exerted in several forms. Carangids (Jacks) are a preferred target
species of fisherman casting from shoreline cliffs. Several parties of shore fisherman
camped on the cliffs south of Pohue Bay were observed during the course of the
present survey. Significant spearfishing activity almost certainly occurs at reef sites
easily accessible from the shoreline, such as Pohue Bay, and the beach fronting the
"waterhole.” Parrotfishes and larger surgeonfishes in these areas were especially
wary of divers. Commercial fishermen are also known to work this area of coastline
by setting gill nets in shallow areas and traps in deeper areas. Small boat fishermen
are also reported to work the area at night during periods of calm weather using
small feather lures to catch squirrelfish (mempachi). It also appears that the
development area has been subjected to collection of reef fishes for sale to
aquarium hobbyists, as several groups of target species were relatively rare (e.qg.,
yellow tangs [Zebrasoma flavescens], and long-nosed butterflyfish [Forcipiger
longirostris].

4. Threatened or Endangered Species

Three species of marine animals that occur in Hawaiian waters and have been
declared threatened or endangered by Federal jurisdiction may be present in the
vicinity of the project site. The threatened green sea turtle (Chelonia mydas) occurs
commonly throughout Hawaiian waters including the Ka'u and Puna districts, and is
known to feed on selected species of macroalgae. Surprisingly, no green sea turtles
were observed at any point during the 2009 fieldwork. The endangered hawksbill
turtle (Eretmochelys imbricata) is found infrequently in waters off West Hawaiii.
However, Hawksbills are known to nest in the area, and Pohue Bay is one of the
study sites for the Hawaii Island Hawksbill Turtle Recovery Project. The annual report
for the Hawksbill Recovery Project states that during the 2009 nesting season nine
nests from two returning hawksbills were protected, and about 1,258 hatchlings
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reached the ocean at Pohue Bay. The Pohue area has also been one of the subject
areas for implementation of management strategies (Nesting Habitat Management
and non-native plant control) under the Hawaii Island Hawksbill Turtle Nesting
Habitat Management Agreement established by the US Fish and Wildlife Service. A
stated goal of all planning for the Kahuku Villages project focuses on maintaining
the long-term stewardship and preservation of natural resources such as Hawksbill
turtles with the continuation of these management programs.

Populations of the endangered humpback whale (Megaptera novaeangliae)
spend the winter months in the Hawaiian Islands. In general, however, it is not
common for whales to occupy the very shallow nearshore areas that are the focus
of this survey.

5. Anchialine Pools

Anchialine pools (or ponds) are shoreline depressions without surface connection to
the ocean that contain water of measurable salinity. Salinity oscillates with tidal
rhythm owing to inland excursion of the oceanic water table. Such ponds are
known to occur around the world in lavas and elevated fossil reefs. In the Hawaiian
archipelago, anchialine pools exist almost exclusively along the shorelines of West
Hawaii and Southwest Maui. The term "anchialine" originates from the Greek
"anchialos” meaning near the sea (Holthuis 1973).

Pond basins are related to structural and depositional features in shorelines formed
from relatively young lava flows. Basalts formed from cooled lava are too porous to
support ponded water above sea level; as a result all anchialine pools are located
close to the shoreline in low lying areas where surface depressions intersect the
water table. Such depressions are usually simple depositional features in a'a’ and
fractures or collapsed bubbles in pahoehoe. In areas with elevations greater than
several meters above sea level, ponded water is found only in deep fissures or
uncommon voids in lava structures.

Comparison of anchialine pools along the coast of west Hawaii reveals a definite
successional process related in large part to rates of sediment deposition. Young
pools are usually simply depressions in lava with no sediment cover and no
associated plant life. Because pool waters are naturally high in dissolved nutrients
owing to the composition of naturally occurring groundwater, agquatic and riparian
plants are often found growing in older pools. In particular, blue-green algae
(Schizothrix sp.) often form distinctive mineral crusts that line many ponds. Plant
detritus, as well as wind-transported particulate material, gradually cause sediment
layers to accumulate on the pond floors. Deposited sediment fills voids in the
bottom of the pools, thereby restricting circulation and tidal flushing. The longer
residence time of water in the depression promotes further organic production and
increased sediment deposition. As sediments deepen, emergent plants such as
sedges, rushes, and grasses take root and succulents and vines encroach from the
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edges, eventually enveloping the original boundaries of the pools. Thus, the process
of sediment deposition drives a feedback loop that accelerates increased rates of
particulate production leading to increased residence time, and increased
sedimentation rates. In the final stages of senescence, deposition of organic
material completely fills the basin, transforming the anchialine pool into a marshy
region generally covered with vegetation.

While anchialine pools represent a relatively unique Hawaiian ecosystem, it is only in
the last several decades that comprehensive inventories of ponds have been
assembled. Resort development along the coast of West Hawaii has raised
concerns over the continued existence of the anchialine pool environments. A
survey conducted by Maciolek and Brock (1974) described the location,
environmental characteristics, and biota of 318 pools on the west coast of the Island
of Hawaii. While many individual anchialine pool systems have been investigated,
the work of Maciolek and Brock (1974) remains the most comprehensive
investigation of Hawaiian ponds and serves as a principal reference for the present
survey.

Figure 1 shows the locations of all 17 anchialine pools along the Kahuku Village
coastline. The complex of pools numbered I-9 comprise the area known as the
"waterhole,” and represents the most substantial pond ecosystem on the property.
Pools 10 through 17 are located near the central-southern end of the property, and
constitute a complex of relatively young ponds in recent lava flows. All pools
identified in the present survey were also identified by Maciolek and Brock (1974).

In the present survey, anchialine pools are classified by type according to overall
structure and composition of the bottom (Table 6). Cracks or fissures that extend
deep enough into the water table to retain brackish water are considered “A’a”
pools. This category is characterized as depressions in lava rock with no significant
growth of benthic macroalgae or vascular pond sediment accumulation. These
pools represent the youngest phase of pond development. Seven of the pools
identified within the Kahuku Villages project site are classed as A'a pools (8, 9, 10, 13,
14, 15 and 17).

“Orange crust” pools are similar to A'a ponds except that the rock bottom is
covered, at least in part, by orange-brown mineralized crusts of the blue-green
algae Schizothrix sp. This pond type was by a small majority the most abundant type
in the Kahuku Villages complex; 8 of the 17 ponds contained "orange crusts" (2, 3, 4,
5, 6,11, 12, and 16). "Sediment" pools contain bottom layers of unconsolidated
mushy sediment up to 2 feet deep. The sediment appears to consist mainly of the
calcareous and organic residue of Schizothrix, other pond plants, and debris from
shoreline vegetation. While several of the pools had small accumulations of
sediment, Pond 1 was the only "true" sediment pond encountered within the Kahuku
Villages project site. One pond (7) contained a surface mat of slimy green algae
that may be an alternate growth form of Schizothrix and probably contained a thick
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bottom sediment layer.

Using the same criteria for size that was employed by Maciolek and Brock (L974), 3
ponds on the Kahuku Village site can be classed as "small" in size (less than 105
square feet), 6 as

"medium” (105-1056 square feet) and 8 as "large" (greater than 1056 square
feet)(see Table 6).

In general, the pools at Kahuku span the range of the pond “life cycle” with some
appearing to be newly created consisting of bare rock surfaces, while others lined
with sediments and in more advanced stages of senescence. It is somewhat
perplexing why one pond contains a substantial sediment layer, while another
pond, only several feet away, is completely devoid of sediment. As described
above, the best hypothesis is that shallow ponds are flushed so effectively by tidal
action that detrital material resulting from algae and other organic material does
not accumulate as sedimentary material. Deeper ponds, will likely have a
somewhat longer residence time are not as effectively flushed, and preferentially
retain more algal detritus as sediment. Once initial sediment deposition takes place,
porosity of the bottom rock is reduced and residence time is increased further,
allowing sediment accumulation to progressively increase in the fashion of a positive
feedback loop.

Anchialine pond biotic communities are characterized by a rather unique
assemblage of organisms of relatively low species diversity. Maciolek and Brock
(1974) listed 55 species of

anchialine pool organisms, and considered 27 species "common" in Kona coast
pools. Table 6 lists the species found in each of anchialine pools located on the
Kahuku Villages property during surveys in 2009.

Many of the ponds were surrounded by dense vegetation consisting of grasses,
trees, shrubs and vines. Specific identification of these plants is not included in the
report. The most ubiquitous aquatic plant groups in Hawaiian anchialine pools are
the orange mineralized algal crusts (Schizothrix sp.) that occur in shallow, low salinity
ponds. Schizothrix crusts were observed in varying degree in all of Kahuku Village
ponds. Ponds with at least some accumulated sediment (Nos. 2, 3 and 11)
contained the vascular plant Ruppia maritima, commonly known as widgeon grass.
Ruppia roots in the sediment, and forms clusters that may be exposed to air at low
tide. The plant-like algae Charra spp. (commonly called Stonewort) occurred only in
pool No. 3.

Of the species that Maciolek and Brock (1974) identified inhabiting anchialine pools,
nine are considered "representative species” that comprise the major pond
community components. Typically, the most abundant fauna of anchialine pools
are mollusks (snails), crustaceans (shrimp) and fish. Maciolek and Brock (1974)
classify four shrimp, three snails, and two native fish as being "representative” pond
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organisms. Two of the shrimp species, Halocaridina rubra and Metabetaeus lohena
are considered rare, found only in anchialine settings, but are normally the most
common shrimp found in ponds. Halocaridina rubra is a small red shrimp, commonly
called "opae'ula” that is herbivorous and is especially common in pools with at least
some plant growth. Metabetaeus lohena is also a small red shrimp, but is larger
than, and predaceous on H. rubra. The other two shrimp species, Palaemon debilis,
a medium-sized transparent species commonly called "opae’huna" or "glass shrimp",
and Macrobrachium grandimanus, a native prawn called "opae’oehaa” are found
in estuaries and streams as well as in anchialine pools.

At least one of the four species of shrimp were present in each of the Kahuku
Villages anchialine pools. Halocaridina rubra occurred either commonly or
abundantly in all by two ponds (No’s 1 and 7). Metabetaeus lohena was observed
in twelve of the pools, but at lower levels of abundance than H. rubra (Table 6).
Palaemon debilis was the least common shrimp and was observed in only four
pools. However, Palaemon debilis was the only species of shrimp observed in Pool
No. 1, which is the largest pool at the "waterhole" and is likely to be the pond
affected most by human influence (i.e. campers, fishermen, etc.). However, there is
no obvious reason why the pool should not be inhabited by the other common
species of shrimp.

The three representative snails, Assiminea nitida, Melanoides sp. and Theodolus
cariosa, typically found in tide pools and anchialine ponds throughout Hawaii were
ubiquitous throughout the Kahuku Villages pond system. The only other invertebrates
observed were several genera of Amphipods, which were distinguishable only as
“gray” and “white” forms.

Fish inhabiting the anchialine pools were rare with the exception of Pool 1.
Representative pond fish, Eleotris sandwicensis, a predaceous goby and Kuhlia
sandvicensis, a silvery carnivorous fish commonly called "aholehole", as well as
several damselfish (Abudefduf spp.) and a surgeonfish (Acanthurus triostegus) were
observed in Pool No. 1. Kuhlia sandvicensis was the only typical anchialine pool fish
that occurred elsewhere in the Kahuku Villages anchialine environment (No. 3 and
7) (Table 6).

It is noteworthy that exotic fish species (topminnows, tilapia and guppies) were not
observed in any of the Kahuku Villages ponds. These introduced species, which can
complete their life cycle within the pools, appear to be much more effective
predators of shrimp than native fish. Pool complexes which contain these exotic fish
species often are devoid of shrimp owing to intense predation by alien fish.

There has been, however, some subtle effects to native shrimp populations in the
Kahuku Villages anchialine pools resulting from predation and competition by the
non-native prawn Macrobrachium lar, which was found in 11 of the 19 pools (Table
6). There was no occurrence of the typical pond prawn Macrobrachium
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grandimanus, and Palaemon debilis was observed only in pool complex 1-7, which
exhibited the greatest marine influence. Pool No. 1 contained a relatively diverse
group of fish compared to any other pond. Most of these fish are marine species
that have probably been transported to the pool from large storm waves and have
the ability to survive in the low salinity water of the anchialine pools. The complete
absence of hypogean shrimp in pools 1 and 7 may be explained by the numerous
predatory gobies observed. Of particular note was the presence of an unidentified
eel found in pools 11 and 18 which has been observed by others in the past but not
definitively identified.

Comparison of the present faunal inventory of the Kahuku Villages anchialine pools
with the inventory compiled by Maciolek and Brock (1974) shows very similar species
assemblages. Schizothrix was more abundant in the present survey compared to
1974, as were Theodoxus and Assiminea. Both surveys found Halocaridina
ubiquitous, while native fish species were rare, and exotic fish were absent.

The observed abundance of all known shrimp species (although there is likely
predatory effects from a non-native prawn), lack of exotic fish, and the relative
absence of signs of modification by humans indicate that the Kahuku Villages pond
complex remains essentially pristine and have not yet been noticeably affected by
the activities of man.

IV. DISCUSSION and CONCLUSIONS

The purpose of this assessment is to assemble the information to make valid
evaluations of the potential for impact to the marine environments from the
proposed Kahuku Villages project. The information collected in this study provides
the basis to understand the processes that are operating in the nearshore ocean, so
as to be able to address any concerns that might be raised in the planning process.

The proposed Kahuku Villages project does not include any plans for any direct
alteration of the shoreline or offshore areas. Therefore, potential impacts to the
marine environment can only be considered from activities on land that may result
in delivery of materials (primarily fresh water and nutrients) to the ocean through
surface runoff or infiltration to groundwater on land with subsequent discharge to
the ocean, and surface runoff. To evaluate the possible magnitude of these
processes, a report has been prepared by Tom Nance Water Resource Engineering
(TNWRE) entitled “Assessment of the Potential Impact on Water Resources of the
Proposed Kahuku Villages Project in the Ka’u District of the Island of Hawaii” (dated
May 2011). Below is a summary of the information provided in the TNWRE report,
along with conclusions regarding the potential effects of the project on the marine
environment.
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The entire Kahuku Villages project site consists of unweathered a'a and pahoehoe
lava flows which are devoid of any significant ash, soil, or vegetative cover. The
predominance of porous lavas and lack of soil results in topography of extremely
high permeability. Surface runoff as a continuous flow over any significant distance,
even in the most extreme rainfall events, does not occur. Rainfall either evaporates
or becomes groundwater recharge. Development of the project will create
impervious surfaces from which localized runoff will occur. However, all such runoff
would be directed into undeveloped open space or conveyed to subsurface
disposal in dry wells or seepage pits, ultimately becoming groundwater recharge. As
a result, there would be no surface runoff discharging directly into the ocean at the
shoreline from the project site after it is developed. For this reason, there will be no
effects to the marine environment as a result of direct surface runoff.

Thus, the assessment of the project's potential impacts on water resources focuses
exclusively on groundwater. These potential impacts include: 1) withdrawal of
groundwater from wells for various uses; 2) returns to groundwater in disposal wells;
3) returns to groundwater resulting from irrigation in excess of what is taken up by
landscaping; and 4) the change in composition of rainfall that recharges the
aquifer.

Water for the project would be supplied by three different systems: 1) a potable
system for use within buildings and limited irrigation use; 2) a brackish system for all
other landscape irrigation; and 3) a golf course irrigation system supplied by R-1
treated wastewater and supplemented, as needed, with water from the brackish
irrigation system.

As a result of the relatively dry and limited area extent of the upgradient watershed,
the flow of groundwater beneath the site is quite modest. Potable quality
groundwater in limited quantities is only available near to and above Mamalahoa
Highway from wells that would be about 2,000 feet deep and five miles from the
project site. As a result of such limited availability of fresh groundwater, the potable
system will be supplied by saline groundwater pumped from wells and treated for
potable use by reverse osmosis (RO) high pressure filtration. Supply wells would be
designed to draw water exclusively from beneath the brackish basal lens, so their
salinity is expected to be in the range of 30-34%.. Product recovery through the RO
process is anticipated to be about 40 percent, meaning the remaining 60 percent
would be RO concentrate with a salinity of about 50-60%o. (for comparison,
seawater is 34.8%0). The RO brine would be disposed of in wells designed to deliver
the concentrate deeper into the saline groundwater zone than the raw water
supply wells would draw from, thereby eliminating the possibility of recirculation of
the concentrate back to the supply wells.

The brackish irrigation system would consist of a linear array of wells along the 1,000-
foot elevation contour which would draw water from the top of the brackish basal
lens. At full build-out of the project, six such wells would be required (one as
standby) for landscape irrigation and to supplement the R-1 supply for golf course
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irrigation. The golf course would be irrigated with R-1 treated wastewater and
brackish well water, the latter as needed to supplement the R-1 supply. To
approximate the required brackish water supplement, it is conservatively assumed
that the quantity of R-1 that will be available for golf course irrigation reuse will be 60
percent of the projected within-building potable water use.

Based on the analysis of water from wells that have already been drilled in the
region, and on geophysical studies conducted for the project, groundwater
beneath the project site and extending inland above Mamalahoa Highway occurs
as a basal lens in hydraulic contact with saline water at depth, and seawater at the
shoreline. Atinland locations just above and below Mamalahoa Highway
groundwater is fresh (chlorides of 50 to 100 MG/L). Moving makai, the salinity of the
basal groundwater increases. Itis about 300 MG/L at the 1,000-foot elevation, and
about 750 MG/L at the 600-foot elevation. Based on groundwater levels and
temperatures in the existing wells, underlying groundwater is not a homogenous
water body with a gradual, mauka-to-makai increase in salinity (See the 2011
TNWRE report for complete discussion of groundwater composition).

Based on what is known or can plausibly be presumed, the southwest rift zone of
Mauna Kea is a barrier to groundwater flow. As such, it delineates the upper end of
the watershed which contributes rainfall-recharge to basal groundwater that would
be utilized and impacted by the Kahuku Villages project. For the purposes of this
assessment, calculations of groundwater recharge have been made for a 4.25-mile
wide, mauka-makai corridor which encompasses the entire width of the project site.
Inland of the 1,000-foot elevation contour, along which the irrigation wells would be
developed, the area of this corridor is 30 square miles. At the shoreline, the total
upgradient watershed in this corridor is 45 square miles. Rainfall-recharge
calculations approximate the recharge at 3.2 MGD per mile of width at the 1,000-
foot elevation, and 3.7 MGD per mile of width as discharge into the ocean along
the shoreline. These figures were used as the pre-development flowrates in the
assessments of the project's potential impacts on groundwater.

A basic assumption is that groundwater in the inland portion of the watershed
moves toward and ultimately discharges at the shoreline. During transit through the
aquifer to the shoreline, dissolved nutrients (nitrogen and phosphorus) may be
supplemented by natural or anthropogenic inputs, or may be consumed by natural
processes (not considering removal by pumping). The project will utilize and alter the
qguantity and composition of the groundwater which resides at and below sea
level, referred to herein as basal groundwater or the basal lens. The project will also
use and change, with its RO feedwater supply and concentrate disposal, the body
of saline groundwater which exists below the basal lens. With proper well design,
impacts on these two groundwater bodies will be separate and distinct and are
treated as such in the calculations of impacts which follow.

Estimates of the anticipated changes to the flow of basal groundwater discharging
at the shoreline incorporate the following assumptions:
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° The pre-development quantity of basal groundwater discharging along the
4.25-mile wide shoreline segment encompassing the project site is 3.7 MGD per
coastal mile or 15.7 MGD.

) Withdrawals of basal groundwater from wells arrayed along the 1,000-foot
elevation contour will range from 0.166 MGD in Phase 1 to 1.289 MGD at full build-
out. These withdrawals will be for landscape irrigation, as well as a supplement to
the R-1 treated wastewater for golf course irrigation.

) An allowance of 12% for leakage and unmetered use has been incorporated
into the potable and irrigation system supply amounts. It has been assumed that all
12% of this allowance returns to groundwater.

° Irrigation return flow will amount to 10% of the amount of applied irrigation for:
potable water used for landscape irrigation; brackish water used for landscape
irrigation; and R-1 effluent and brackish well water applied on the golf course.

For this set of assumptions, the reduction in basal flowrate discharging along the
project's shoreline would only be around 0.7% in Phase 1 but would increase to 5.2%
in Phases 3 and 4.

The net consumptive use of saline groundwater would be about 0.18 MGD in Phase
1 and increase to about 1.1 MGD at full build-out. Unlike the limited supply of basal
groundwater, the supply of saline groundwater is essentially unlimited and, with
proper well design, the amount of its consumptive use will have no impact on the
overlying basal groundwater.

As a result, the estimated changes to the nutrient levels discharging in groundwater
along the project's shoreline incorporate the following set of assumptions:

° Nitrogen and phosphorus in fertilization of all landscaped areas, including the
golf course, will be applied at 3 Ibs/year/1000 ft2 and 0.5 Ibs/year/1000 ft2,
respectively. In reality, the use of R-1 effluent on the golf course could reduce the
amount of applied fertilizer.

° About 10% of the applied nitrogen and 2% of the applied phosphorus in the
fertilizer and in the irrigation water will pass below the plant root zone. The balance
will be taken up and incorporated into vegetative matter. These percentages have
been established for other golf courses in West Hawaii (Dollar and Atkinson 1992).

° RO-treated potable water will contain 10 uM nitrogen and 0.15 pM
phosphorus.

) R-1 treated wastewater effluent will contain 2,000 uM nitrogen and 150 uM
phosphorus. These concentrations are representative of existing R-1 treatment plants
in the State of Hawaii.

° For both direct leakage and irrigation return, nutrients are naturally removed
during the downward travel through the vadose zone (unsaturated lavas) and
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movement with the basal groundwater to discharge along the shoreline. Removal
of nitrogen and phosphorus by natural processes will be 80%0 and 95%o,
respectively. These percentages have been determined from empirical studies in
other areas of West Hawaiii.

° One-third of the 25 inches of annual rainfall over the 1,975-acre project site
presently becomes groundwater recharge (that is equivalent to 1.22 MGD). As
development occurs, the quantity of groundwater recharge will remain essentially
the same but the nutrient levels in this post-development recharge will be increased
by 70 uM nitrogen and 2 uM phosphorus. In reality, the limited data on the quality of
surface runoff from developed areas in areas of Hawaii with similar ground
composition as the project site indicates that increases in nutrient concentrations
from runoff coming off the developed site will probably be less.

Based on these assumptions, the amount of nitrogen and phosphorus in
groundwater withdrawn by the brackish wells will be greater than the amounts
returned to groundwater by leakage from the three water systems, by irrigation
return from landscaped areas, and by locally generated surface runoff that
becomes groundwater recharge. Thus, it is important to note that the result of
project buildout will be a reduction, rather than an addition of nutrients to the
nearshore ocean. The projected reductions in discharges of nitrogen and
phosphorus at the shoreline at full project buildout is about 4.2% and 5.6%,
respectively. These projected net reductions of nittogen and phosphorus are
generally of the same magnitude as the projected reductions in groundwater flow
discharging at the shoreline, resulting in very little, if any detectable change over
the pre-construction scenario.

These results indicate that there will be little change over existing (pristine) conditions
in the concentrations of nitrogen and phosphorus in groundwater discharging at the
shoreline. The results of the analyses of nutrient concentrations in the nearshore
regions presented in this report indicate that at present nutrient concentrations only
show effects from input from land in the sub-tidal zone very close to the shoreline at
selected locations. The offshore extent of these effects do not reach the area that
constitutes viable “reef” habitats with accompanying biotic communities. In
addition, nutrient subsidies from land are contained within a thin surface layer that
does not come into contact with the reef surface. Hence, because there are no
anticipated changes over the existing conditions, and existing conditions
(communities) have been shown to not be affected by inputs from land, there is no
potential for development of the project to cause changes to water chemistry in
the offshore zones where biotic communities do presently exist.

Anchialine pools have been shown to be essentially de-coupled from the
concentrations of nutrient in groundwater. Evaluation of anchialine pool water
during this survey as well as numerous others along the coast of West Hawaii reveal
extremely high levels of dissolved nutrients in pristine pond waters. Short residence
times, as well as grazing by native pool organisms establishes a balance resulting in
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high clarity of pond water and control of plant growth. The small projected changes
in nutrient concentrations and loading from the proposed project will by themselves
have no effect on anchialine pool physical and biotic composition. Rather, the
factor relating to development that could result in alteration of the presently pristine
nature of the anchialine pools is introduction of non-native species that disrupt the
natural pool cycle by predative removal of native species.

During the construction phases, it is likely that permit regulations will limit the area of
excavation at any one time, and require dust control measures. In addition, the
predominant direction of wind (long-shore tradewinds) will not produce offshore
winds that would carry construction-generated dust predominantly toward the
ocean. As a result, there should be little potential for any significant input of
sediment to the marine environment resulting from the proposed project.

In summary, results of the baseline assessment of the marine and anchialine pool
environments off the proposed Kahuku Villages project site in the Ka'u District of the
Island of Hawaii reveal an essentially pristine setting with little influences from the
activities of humans. Groundwater flow to the ocean is restricted in both magnitude
and area extent (both in terms of horizontal gradients from the shoreline and vertical
gradients within the water column). Offshore coral reef communities consist of the
assemblages typical of the west coast of Hawaii, although there is evidence of high
fishing pressure. Anchialine pools on the property contain representative native
organisms, with no evidence of alien fish. An engineering evaluation of all water
supply and use for the project reveals that even at full buildout there will be no
substantial changes in either groundwater flow rate to the ocean, or composition of
groundwater. As groundwater presently has essentially no effect on existing marine
communities, the small changes to groundwater fluxes associated with the project
will have no negative impacts to the ocean. The major focus of the Kahuku Villages
project centers on recognition, appreciation and long-term stewardship and
preservation of the natural and cultural resources of the land. Thus, all activities
associated with the project, from establishment of a Shoreline Conservation
Management Area and Hawaiian Heritage Center will concentrate on
maintenance of the existing pristine conditions. All of these considerations indicate
that the proposed Kahuku Villages project will not have any significant negative
effects on the anchialine pools or the coastal ocean offshore of the property.

IV. SUMMARY

1. Evaluation of the nearshore marine and anchialine pool environments off of the
Kahuku Villages Project site in the Ka'u District of the Island of Hawaii was carried out
in April 2009 and March 2011. As there is presently no substantial shoreline or upslope
development in the area, the evaluation characterizes essentially the pristine
condition of the area.
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2. Assessment of water nearshore marine water chemistry was carried out by
evaluating data from 92 water samples that were collected at six ocean transect
sites and in anchialine pools along the shoreline. Water samples were collected on
transects perpendicular to shore, extending from the shoreline to a distances of
approximately100-200 m offshore. Analysis of fourteen water chemistry constituents
included all specific constituents in DOH water quality standards.

2. Several dissolved nutrients (Si, NOs-, PO43, TN and TP) displayed strong horizontal
gradients at several ocean transect sites with highest values closest to shore and
lowest values at the most seaward sampling locations. Correspondingly, salinity was
lowest closest to the shoreline, and increased with distance from shore. These
gradients were most pronounced at the northern boundary of the project site off
the Kanonone Pond area and Pohue Bay, and weakest on the transects off the
central-southern region of the project where the shoreline is composed of basalt
cliffs. These patterns are indicative of groundwater efflux at the shoreline, producing
a zone of mixing where nearshore waters are a combination of ocean water and
groundwater.

3. Water chemistry constituents that are not major components of groundwater
(TON, TOP) did not display as distinct gradients with respect to distance from the
shoreline, or depth in the water column. Chl a was elevated in nearshore samples
only on transects off of Kanonone Pond and Pohue Bay with decreasing values
moving seaward. Turbidity did not vary throughout the sampling regime, and was
essentially constant at low values from the shoreline to the stations farthest from
shore.

4. Water chemistry constituents that displayed distinct horizontal gradients also
showed distinct variation between surface and near-bottom (deep) samples, with
higher nutrient values and lower salinity in surface water relative to bottom water.
Nearshore mixing of groundwater and ocean water creates a buoyant surface lens
of low salinity, high nutrient water that is evident throughout the nearshore region
fronting the project site.

5. The coastal area of Kahuku Villages contains a series of anchialine ponds. These
ponds have no surface connection to the ocean, and are essentially an
atmospheric exposure of the water table. Water within the ponds consists of a
mixture of seaward flowing groundwater and landward flowing seawater, and as
such the composition of water within the ponds responds to tidal changes.
Measured salinities of 4-5%o indicate pond water consisted of about 10-15% ocean
water and 85-90% with corresponding nutrient concentrations with respect to mixing
of groundwater and open coastal waters. For unknown reasons, water samples
collected in 2011 had consistently lower values of PO43- and NH4* than samples
collected from the same pools in 2009. Water clarity in all anchialine pools was
exceptionally good, indicating that even though nutrient concentrations are
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elevated, plankton blooms are not occurring in anchialine pools. The lack of
plankton growth in the presence of high nutrients is a result of short residence time of
water in the pools, and grazing by native pond biota.

6. Application of a hydrographic mixing model to the water chemistry data was
used to indicate if increased nutrient concentrations in nearshore waters are the
result of mixing of natural groundwater with oceanic water, or are the result of inputs
from activities on land. The model indicates that at the time of sampling there were
no external subsidies of NOs- nitrogen to the ocean at any of the ocean transect
sites, indicating that the observed horizontal gradients are the result of natural
processes of mixing of groundwater and ocean water.

7. Evaluating water chemistry from the single sampling in 2009 using DOH specific
criteria for Open Coastal Waters indicates many of the measurements in the
nearshore areas off the Kanonone Pond and Pohue Bay areas exceed standardes,
particularly for NOz-. As these standards do not take into consideration of mixing of
high nutrient groundwater with ocean water in the nearshore zone, such
exceedances are expected. Area specific DOH water quality standards for West
Hawaii do not presently extend to the Ka'u District. If the West Hawaii specific
criteria are applied to the data collected off of the Kahuku Villages site, there would
be no exceedance of the standards.

8. Characterization of the existing marine communities was carried out traditional
photo-transect and visual censusing methods. The physical structure of the
nearshore marine habitat consists of a narrow reef bench or terrace that terminates
in a slope that extends to abyssal depths. Coral communities in the area are typical
of the assemblages found throughout West Hawalii, with the reef bench populated
predominantly by two major species (Pocillopora meandrina and Porites lobata).
Overall coral cover in the area was about 50% of bottom cover, with all areas of
hard bottom beyond the surf zone occupied with healthy coral. A distinguishing
feature of the reef was the occurrence of several exceptionally large colonies of P.
lobata on the order of several centuries old. Overall, coral communities in the area
are flourishing, with little indication of any reduction from any stress conditions,
including catastrophic storms. Populations of reef fish in the area also appeared
typical of West Hawaii reefs, although there was evidence of high fishing pressure.
The nearshore habitats of the Kahuku Villages site also represents an important area
for nesting of Hawksbill turtles.

9. Observations of anchialine pool biota indicated the presence of alll
representative native species (particularly shrimp), and importantly, a lack of exotic
fish species. Invasive exotic species have been shown to be a major factor in
degradation of anchialine pools in other areas of West Hawaiii.

10. Engineering analysis indicate that there will be only small reductions in both
groundwater discharge and nutrient discharge to the nearshore ocean over present
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conditions with full build-out of the planned project. As the results of the assessment
of existing marine environment indicates that at present groundwater has essentially
no effect on marine community structure, the small changes in groundwater
dynamics associated with the project do not present a mechanism for future
negative effects.

11. Overall, results of the water chemistry analysis and characterization of marine
and anchialine pool biotic communities indicates that the Kahuku Villages area
probably represents as close as possible to a pristine coastal area unaffected by
most activities of man. Planning of the Kahuku Villages project focuses on continued
maintenance and stewardship of these natural resources to preserve them in the
present pristine condition. As a result, as long as best management practices are
utilized to avoid any unforeseen impacts during the construction and operational
phases of the project, there is no rationale to indicate the potential for negative
impacts to the marine and anchialine pool environments.

11. The studies conducted for this report, particularly the water quality analyses, can
serve as an initial baseline for any monitoring programs that may be required for the
project.
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INTRODUCTION

This report includes the findings of a plant inventory conducted in Kahuku on the island of
Hawaii including portions of a parcel owned by Nani Kahuku Aina LLC (NKA) [TMK (3) 9-2-
001:072]. LeGrande Biological Surveys Inc. carried out a botanical field survey of the above
location on the 8™ 9" and 10™ of December 2010 and 3", 4™, and 5™ of January 2011. The
primary objectives of the field studies were to:

1) inventory the flora and;

2) provide a general description of the vegetation on the project site;

3) search for threatened and endangered species as well as species of concern; and

4) provide recommendations regarding potential impacts to the biological resources of the

area in regards to the proposed development of the survey area.

Federal and State of Hawaii listed species status follows U.S. Fish and Wildlife Listed and
Candidate Species (USFWS 2008and Federal Register (2002).

GENERAL SITE DESCRIPTION

The survey area is located in Kahuku, Ka'u District near South Point on the island of Hawaii.
The subject property extends from an elevation of approximately 2000 feet at Mamalahoa
Highway makai to the coast. To the northwest the property borders Ocean View Rancho Estates
and a parcel owned by Kamehameha Schools borders the NKA property to the southeast. The
property is composed of pahoehoe and a‘a lava without much soil substrate, therefore, much of
the property is barren and plants are concentrated near coastal areas with brackish ponds and the
mauka areas near the highway that support a pioneer ‘ohi'a forest. The survey area consisted of
an approximately 2,500 acres.

METHODS

Topographic maps were examined to determine terrain characteristics, access, boundaries, and
reference points. Prior to undertaking the field studies, a search was made of the pertinent
literature to familiarize the principal investigator with other botanical studies conducted in the
general area. Historical plant locations were reviewed from data provided by Hawaii
Biodiversity & Mapping Program. Historical locations of two rare plant species are mapped and
include Pleomele hawaiiensis and Ophioglossum concinnum. A flora survey conducted by Char
& Associates in 1987 (Char, 1987) for the previous owners of the subject property was reviewed
for possible plant taxa that might be encountered during this survey. The main differences
between the 1987 survey and the present one is the survey area for the 1987 study was larger
(3,200 acres) than the one conducted for this report (2,500 acres). Also, the “Mauka” location
was relocated and the “Makai” survey area included an additional TMK to the north that was not
included in the present survey.

A walk-through survey method was used. The field survey included 2 separate portions of the
TMK parcel, the “Mauka” section consisting of about 100 acres and a “Makai” section
consisting of about 1,500 acres. The survey concentrated on areas where plants were locally
abundant, i.e. around coastal ponds and pockets of soil found within the lava fields. Transects
through the mostly barren lava fields were walked roughly north-south at an average of 20
meters apart within the project boundary as occasional plants were observed scattered throughout
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the lava fields. Although a road alignment was proposed on the project map, surveying for the
alignment during the present survey was not undertaken as no stakes or GPS points were
available. Pinpointing the exact location of the roadway in the rugged terrain would be difficult
and an accurate survey of the route would not be ensured. Notes were made on plant associations
and distribution, disturbances, topography, substrate types, exposure, drainage, etc. Plant
identifications were made in the field; plants that could not be positively identified were
collected for later determination in the BISH herbarium, and for comparison with the recent
taxonomic literature.

VEGETATION

The two survey areas differ in vegetation type due to several factors including substrate type,
elevation, and rainfall amounts. The entire survey area is characterized by barren a'a and
pahoehoe lava, composed of prehistoric lava flows, an 1887 and 1907 lava flow. Pockets of thin
topsoil or ash and cinder and some sandy beach areas support most of the plant life. The Makai
portion encompasses a rugged five mile coastline which includes several anchialine and tidal
pools, and a few sandy beaches. Elevations range from sea level to 200 feet. The Mean Annual
Rainfall is reported to be 20-30 inches per year. The NRCS Soil Survey shows the Makai site as
being composed of either Lava Flows a'a (rL'V) or pahoehoe (rLW) with pockets of Cinder land
(rCL) and sandy Beaches (BH) (NRCS, 2010).

The Mauka portion is located on a prehistoric lava flow bordered by a section of the 1907 flow to
the east. The dominant vegetation type is a Pioneer "Ohi'a Forest with a small pocket of Lama
Forest located in the northwestern corner of the survey area. Elevations range from 1660 feet to
1870 feet. The annual rainfall for the Mauka portion is 40-60 inches per year. The NRCS Soil
Survey describes the substrate at the Mauka site as Lava Flows, a’a (rLV). (NRCS, 2010).

There are a total of 83 plant species observed within the survey sites. 48 are alien (introduced),
22 are indigenous (native to the Hawaiian Islands and elsewhere), and 13 are endemic (native
ONLY to the Hawaiian Islands). Therefore, 58% of the plant species observed are alien and 42%
are native. An inventory of all the plants observed within the survey area is presented in the
species list (Table 1) at the end of the report.

MAKAI PORTION (Proposed Makai Village and Hawaiian Heritage Center)

Coastal Vegetation

The coastal vegetation can be found clustered around the anchialine and tidal pools and at the
few sandy beaches along the mostly rocky coastal cliffs that dominate the five miles of ocean
front within the survey area. Vegetation scattered along the rocky coastal areas is scant and
includes plants such as pigweed (Portulaca oleracea), akulikuli (P. pilosa), fountain grass
(Pennisetum setaceum), and uhaloa (Waltheria indica). The highest densities of vegetation by far
are found at the unnamed ‘northern pond’, Kanonone pool complex, Haliipalala ponds, and
Pohue Bay. Tree species at these areas include, coconut (Cocos nucifera), milo (Thespesia
populnea), kou (Cordia subcordata), and hala (Pandanus tectorius). One tropical almond
(Terminalia catappa) tree is located at the Haliipalala pond. Several shrubs including Christmas
Berry (Schinus terebinthifolius) and sourbush (Pluchea carolinensis) form thick masses around
sections of some of the ponds.
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An introduced morning glory (Ipomoea violacea) can be found growing over much of the low
growing shrubs at both the northern and Kanonone ponds. Other Weedy species mixed in
amongst the pond and beach vegetation include natal redtop (Melinis repens), love-in-a-mist
(Passiflora foetida), buftelgrass (Cenchrus ciliaris), common sandbur (C. echinatus), and
Boerhavia coccinea.

Several native sedges, mau'u “aki‘aki (Fimbristylis cymosa subsp. umbellato-capitata), makaloa
(Cyperus laevigatus), and “uki (Cladium jamaicense) are dominant along with the hala at the
edges of the brackish ponds. The mau'u “aki‘aki can also be found scattered along the rocks
between the ponds. Several of the ponds have submerged masses of the native widgeon grass
(Ruppia maritima), a native aquatic flowering plant. A native morning glory, pohuehue
(Ipomoea pes-caprae subsp. brasiliensis) 1s the dominant groundcover at the ponds as well at the
sandy beaches of Pohue Bay, Haliipalala, Kahakahakea, and Kahiola. A few pua kala or native
poppies (Argemone glauca) were located at Pohue Bay.

Cinderland Vegetation

Sections of the coastline are characterized by cinderland; formed when hot lava reached the sea
and the explosive reaction threw debri up into the air and formed littoral cones composed of fine
ash and cinder material (Macdonald & Abbott, 1970). Plant densities rise in the cinderland areas
compared with the a’a and pahoehoe dominated regions as the plants have better substrate for
growing. The areas around Pu'u Ki and Pu'u Kahakahakea are composed of cinderland. The
dominant species observed within these areas include introduced grass species such as lovegrass
(Eragrostis amabilis), fountain grass, natal redtop, and barbwire grass (Cymbopogon refractus).
The native uhaloa was by far the most abundant plant observed in this vegetation type. Other
native plants observed in the cinderland, but rarely seen, include pua kala and kakonakona grass
(Panicum torridum).

A large depression just inland of Pu'u Ki greened after the Decmeber 2010 rains, sprouting with
an introduced sedge Bulbostylis capillaries. The sedge was observed throughout the property
during the follow-up January 2011 survey in areas that pooled water and had sufficient ash.

Lava

Large portions of the makai survey area are covered with pahoehoe and a'a lava fields. Much of
this substrate type is devoid of vegetation, but several hardy plant species such as sourbush, natal
redtop, and uhaloa are scattered sparsely throughout. Several large ground cracks were found
during the survey in the lava fields most with water in the bottoms. Several were large enough to
be investigated by lowering oneself down into the crack and then following for a ways until it
closed up or became to narrow to navigate. Individuals of the introduced sword fern
(Nephrolepis brownii) were scattered along the internal walls of the cracks along with lovegrass.

A depression of pahoehoe and a’'a at an interface between the 1887 lava flow and Kahakahakea
was dominated by sourbush. During the January survey a population of nohu (7ribulus cistoides)
was discovered to have sprouted after the rains. Other plant species observed growing in the lava
fields include tobacco (Nicotiana tabacum) and silverfern (Pityrogramma calomelanos).
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MAUKA PORTION (Proposed Civic Uses)

Pioneer "Ohia Forest

The survey area for the proposed civic uses is located at the northwestern corner of the subject
property with the northern boundary bordered by Mamalahoa Highway. A prehistoric lava flow
of a'a dominates the survey area. Unstable, sharp blocks of a'a and sometimes steep terrain make
hiking across the lava slow and difficult. The dominant tree, ‘ohi‘a lehua (Metrosideros
polymorpha var. incana) is sparsely scattered throughout the survey area. Two other native tree
species were encountered in the open lava. One mature maua (Xylosma hawaiiense) and one
mature kolea (Mysine lanaiensis) with several smaller trees clustered around it were growing
together at the southeastern corner of the survey area. They were both about 25 to 30 feet tall and
multibranched. Plant associated with the maua and kolea are Christmas berry, broomsedge
(Andropogon virginicus), buffelgrass, "ohi‘a lehua, and "a’ali’i (Dodonaea viscosa).

Other plants encountered in the open lava include molasses grass (Melinis minutiflora),
sourbush, lantana (Lantana camara), huehue (Cocculus orbiculatus), pukiawe (Leptecophylla
tameiameiae), ‘ala’alawainuiwahine (Plectranthus  parviflorus), and ‘ena’ena
(Pseudognaphalium sandwicensium var. sandwicensium). Native ferns and fern allies observed
were Nephrolepis cordifolia, kalamoho (Pallaea ternifolia), kumuniu (Doryopteris decipiens),
and moa (Psilotum nudum).

Along the highway several additional weedy species were prevalent including flora’s paintbrush
(Emilia sonchifolia var. sonchifolia), Sida rhombifolia, smutgrass (Sporobolus indicus), and
knotweed (Persicaria latifolia). Native plant species along the roadways were ilima (Sida fallax),
‘a‘ali'1 and pawale (Rumex skottsbergii).

Lama Forest

The richest area in terms of native plant species and density occurs at the northwestern corner of
the mauka survey area. In a relatively small area, roughly 30 by 50 feet, is a small natural ravine
that has been isolated by roadway building. Mamalahoa Highway borders the ravine to the north,
the main gravel road to the coast borders it to the west, and areas of flattened a’a are to the south
and east. The pocket of vegetation is dominated by natives such as lama (Diospyros
sandwicensis), “ohi’a lehua, mamane (Sophora chrysophylla), ulei (Osteomeles anthyllidifola),
kolomona (Senna gaudichaudii), and kulu'i (Nototrichium sandwicense). A dozen or so lama
trees up to 15 feet in height are scattered around the edges of the forest. Nearly every lama tree
has a kulu'i shrub growing at the base or very near the base of the tree. Kolomona, an
increasingly uncommon native, is relatively abundant and healthy in the area. The kolomona
were in flower and fruit and the seed appeared to be viable.

One mature individual of halapepe (Pleomele hawaiiensis) is growing in the Lama forest. The
tree is about 25 feet tall and has multiple branches about half way up the trunk. The base of the
trunk is split and appears that only half of it is alive. The individual looks to be in fairly good
health and had recently flowered and fruited. No fruit were left on the inflorescences, and a
ground search was made to locate any fruit or seed, none were found. Pleomele hawaiiensis is
listed as Endangered by the U.S. Fish and Wildlife Service (USFWS, 2008). ‘Endangered’ is
defined by the USFWS as an animal or plant in danger of extinction within the foreseeable future
throughout all or a significant portion of its range. Listing a species can provide it with additional
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protection and funding opportunities for preservation. An overview of what listing a species
entails can be found here: http://www.fws.gov/endangered/what-we-do/listing-overview.html.

DISCUSSION & RECOMMENDATIONS

The survey area is dominated by large expanses of lava that are nearly devoid of vegetation.
Most of the vegetation is concentrated around the coastal ponds, sandy beaches, and in the Lama
Forest at the northwestern corner of the Mauka portion. Although, a little over half of the plant
species observed within the subject property are introduced (58%), the density of native
vegetation near the coastal pools and in the Mauka Lama Forest is still significant. Threats to the
native plant components include drought and feral goats. The present survey was conducted after
a prolonged drought for the entire state. The average rainfall ranges from 20 to 30 inches for the
Makai portion of the survey area, but only 8.5 inches had been recorded for the year in
December, only 26% of the average rainfall. The follow up survey in January was conducted
after two heavy rainfall events and many plants that had not been observed during the December
survey had sprouted and/or flushed so additional identifications could be made. No doubt after
further precipitation in the area, more species would be located that were not found during the
present survey.

An extreme number of feral goats were observed during the present survey. Goats eat just about
any type of greenery and can eat plants down to the roots. Several of the plant species that
Winona Char described as being abundant in the coastal area during her 1987 survey were not
located during this survey. The length of time that has gone by since Char’s survey coupled with
the drought and goat pressure could explain some of the extirpations. Additionally, Char’s
survey area was larger and included a large section of land to the west that was not included in
this survey.

The Makai portion of the property slated for the resort development has significant natural
resources at the coastal ponds, tidal pools and sandy beaches. Although no rare or endangered
plant species were located near these locations, the habitats are essential to the animals and
invertebrates that utilize them. Pohue Bay is an important turtle nesting site and the vegetation
helps to stabilize the sandy strand which the turtles bury their eggs in. The anchialine and tidal
ponds found at northern pond, Kanonone, Haliipalala, and Kahakahakea are exceptional ponds
that deserve protection from impacts such as increased use by humans, further invasive plant
introductions, runoff into pools that could effect the current state that supports native biota such
as the "opae 'ula, damselflies, and sedges. These ponds have been rated by Maciolek and Brock
(1974) as having exceptional natural value based on physical structure, diversity, representative
aquatic communities, and unusual endemic species.

The plant communities expected to be impacted by a development in the Makai and Mauka
portions of the property include the coastal pond vegetation, the cinderland vegetation, portions
of the Pioneer ‘ohi‘a forest and the Lama Forest. Mitigation measures for these areas would
include:

* Creating a buffer or conservation zone around the coastal ponds and sandy beaches and
limiting access from the resort areas. The anchialine ponds and the sandy beaches of
Pohue Bay and Haliipalala where turtles nest will be impacted depending on the amount
and intensity of human disturbance. In order to maintain the current natural resources of
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the project area, the least amount of human disturbance would be desirable. The buffer
zones around these areas should include the ponds and beaches with visitors able to view
these areas from designated walkways.

* Several invasive plant species have become established in and around the pond and beach
areas. Active management to eradicate these species should be undertaken at the earliest
convenience. The plant species to be targeted for eradication include; sourbush (Pluchea
carolinensis), love-in-a-mist (Passiflora foetida), and fountain grass (Pennisetum
setaceum).

* Landscaping around the Makai Village should include, or be limited to, native plant
species including species that are already present and common native coastal species such
as naupaka (Scaevola sericea), ilima (Sida fallax), and maiapilo (Capparis
sandwichiana).

* The Lama Forest in the Mauka Portion should be excluded from development to protect
the native elements found there. The density of native plants within this small area would
make it worthwhile and manageable to implement a management plan. At minimum, the
removal of weedy plant species including the large sisal plants, lantana, fountain grass,
and Christmas berry should be carried out. Care should be taken while plant removal is
ongoing as many of the native plant species in the area are small and mixed in with the
tangle of weeds. Fencing the area would keep the goats from grazing and trampling
smaller plants and seedlings. The Endangered halapepe individual would benefit from
management of the Lama Forest. Interested state and federal parties could participate in
collecting propagules of the rare plant elements to be used in outplantings either on site
or at appropriate satellite areas.

* Implementing an ongoing hunting program for extant feral goats that are abundant on the

property. Focusing eradication efforts at the coastal sites where plant grazing was most
evident.
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TABLE 1. PLANT SPECIES LIST

The following checklist is an inventory of all the plant species observed within the survey areas
of the proposed Kahuku Village Project during two site visits (December 8-10, 2010 and January
3-5, 2011). The plant names are arranged alphabetically by family and then by species into three
groups: Pteridophytes, Monocots, and Dicots. The taxonomy and nomenclature of the Ferns and
Fern Allies follow Palmer (2002), flowering plants (Monocots and Dicots) are in accordance
with Wagner et al. (1990), Wagner and Herbst (1999) and Staples and Herbst (2005). Recent
name changes are those recorded in the Hawaii Biological Survey series (Evehuis and Eldredge,
eds., 1999-2002) and the BISH native-naturalized checklist March 2010.

For each species, the following name is provided:

1. Scientific name with author citation.

2. Common English and/or Hawaiian name(s), when known.

3. Where the plant was observed; marked as in either the coastal or mauka sections of
the project area or both.

4. Biogeographic status. The following symbols are used:

A = Alien species introduced to the Hawaiian Islands by humans, intentionally or accidentally.
I = Indigenous species native to the Hawaiian Islands and also found elsewhere in the world.
E = Endemic species found only in the Hawaiian Islands.

SCIENTIFIC NAME COMMON NAME STATUS| Makai | Mauka

PTERIDOPHYTES (Ferns and Fern Allies)

INEPHROLEPIDACEAE

Nephrolepis brownii (Desv.) Hovenkamp &Miyam. [|sword fern A X
Nephrolepis cordifolia (L.) C.Presl I X
PSILOTACEAE

moa, upright

Psilotum nudum (L.) P.Beauv. . I X X
wiskfern

PTERIDACEAE

[Doryopteris decipiens (Hook.) J.Sm. kumuniu, ‘iwa'iwa E

Pellaea ternifolia (Cav.) Link kalamoho, laukahi I

Pityrogramma calomelanos (L.) Link Silverfern A X

MONOCOTS

AGAVACEAE

\Agave sisalana Perrine sisal, century plant A X

2011. LeGrande Biological Surveys, Inc 13



SCIENTIFIC NAME COMMON NAME [STATUS| Makai | Mauka
\Pleomele hawaiiensis O.Deg. & 1.Deg. hala pepe E X
IARECACEAE
Cocos nucifera L. niu, coconut A X
CYPERACEAE
Bulbostylis capillaris (L.) C.B. Clarke A X
Cladium jamaicense Crantz "uki, sawgrass I X
Cyperus laevigatus L. makaloa 1 X
gf[’ﬁlbe”kl,i%}? I?;i;;)ric; subsp. umbellato-capitata mau'u “aki'aki I X
PANDANACEAE
\Pandanus tectorius Parkinson ex Z hala, screwpine 1? X
POACEAE
Undropogon virginicus var. virginicus L. broomsedge A X X
Cenchrus ciliaris L. buffelgrass A X
Cenchrus echinatus L. common sandbur A X
Chloris barbata (L.) Sw. Swollen fingergrass A X
Cymbopogon refractus (R.Br.) A.Camus barbwire grass A x X
Cynodon dactylon (L.) Pers manienie A X
[Eragrostis amabilis (L.) Wight&Arn. Ex Nees lovegrass A X X
Melinis minutiflora P.Beauv. molasses grass A X
Melinis repens (Willd.) Zizka Natal redtop A X
\Panicum maximum L. Guinea grass A X
\Panicum torridum Gaudich. kakonakona E X
\Pennisetum setaceum (Forssk.) Chiov. fountain grass A X X
ISporobolus indicus (L.) R.Br. 'West Indian A X
dropseed, smutgrass
RUPPIACEAE
Ruppia maritima L. (glir;csl;grass, widgeon 1 X
14
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SCIENTIFIC NAME COMMON NAME [STATUS| Makai | Mauka
DICOTS
IAMARANTHACEAE
Nototrichium sandwicense (A.Gray) Hillebr. kulu'i E X
IANACARDIACEAE
Schinus terebinthifolius Raddi Christmas berry A X X
IASCLEPIADACEAE
sclepias physocarpus (E.Mey.) Schiltr. balloon plant A X
IASTERACEAE
Conyza bonariensis (L.) Crong. Hairy horseweed A
[Emilia sonchifolia var. sonchifolia (L.) DC. [Flora’s paintbrush A
\Picris hieracioides L. hawkweed A
\Pluchea carolinensis (Jacq.) G.Don sourbush, marsh A X X
fleabane
Pseudqgnap.hallum sandwicensium var. “ena ena E X
andwicensium Gaud.
\Sonchus oleraceus L. sow thistle, pualele A X
Tridax procumbens L. coat buttons
BORAGINACEAE
Cordia subcordata Lam. kou I X
CACTACEAE
Opuntia ficus-indica (L.) Mill. panini, prickly pear A X
COMBRETACEAE
Terminalia catappa L. tropical almond A X
CONVOLVULACEAE
) . pohuehue, beach
Ipomoea pes-caprae subsp. brasiliensis (L.) Ooststr. morning glory I X
Ipomoea violacea L. morning glory A X
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SCIENTIFIC NAME COMMON NAME [STATUS| Makai | Mauka

CRASSULACEAE

Bryophyllum pinnatum (Lam.) air plant A X
CUCURBITACEAE

Cucumis dispaceus Ehrenb.ex Spach hedgehog gourd A X
Momordica charantia L. bitter melon A X
IEBENACEAE

Diospyros sandwicensis (A.DC.) Fosberg lama E X
IEPACRIDACEAE

Leptecophylla tameiameiae (Cham. & Schltdl.) .

C.M.Weiller pukiawe ! X
IEUPHORBIACEAE

hairy spurge, garden

Chamaesyce hirta (L.) Millsp. spurge A X
Chamaesyce prostrata (Aiton) Small A X
FABACEAE
Chamaecrista nictitans subsp. patellaria var. glabrata
(Vogel) H.S.Irwin & Barneby Partridge pea A
Crotalaria incana L. fuzzy rattlepod A X
Crotalaria pallida Aiton smooth rattlepod A X
Slender or virgate
\Desmanthus pernambucanus (L.) Thell. . A X
mimosa
Indigofera suffruticosa Mill. indigo A X
Senna gaudichaudii (Hook. & Arn.) H.S. Irwin & kolomona I x
Barneby
Sophora chrysophylla (Salisb.) Seem. mamane E X
FLACOURTIACEAE
Xylosma hawaiiense Seem. maua E X
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SCIENTIFIC NAME COMMON NAME STATUS| Makai | Mauka
LAMIACEAE
Ocimum gratissimum L. wild basil A X X
\Plectranthus parviflorus Willd. ala .alawal nu I X
wahine
MALVACEAE
Sida fallax Walp. ilima I
ISida rhombifolia L. A
Thespesia populnea (L.) Sol. Ex Correa milo 1? X
IMENISPERMACEAE
Cocculus orbiculatus (L.) DC. huehue I X
IMYRSINACEAE
Myrsine lanaiensis Hillebr. kolea E X
MYRTACEAE
Metrosideros polymorpha var. incana (H.Lev.) H. ohi'a lehua E X
St.John
INYCTAGINACEAE
Boerhavia acutifolia (Choisy) J.W.Moore alena I
\Boerhavia coccinea L. A X
PAPAVERACEAE
\Urgemone glauca var. glauca (Nutt. Ex Prain) Pope [Pua kala E X
PASSIFLORACEAE
\Passiflora foetida L. love-in-a-mist A X
PIPERACEAE
\Peperomia latifolia Miq. "ala’ala wai nui E X
2011. LeGrande Biological Surveys, Inc 17




SCIENTIFIC NAME COMMON NAME STATUS| Makai | Mauka
POLYGONACEAE
\Persicaria capitata (Buch.-Ham. Ex knotweed, A X
ID.Don) Masam. smartweed
Rumex skottsbergii O.Deg. & 1. Deg. (cf.) pawale E X
PORTULACACEAE
\Portulaca oleracea L. pigweed
\Portulaca pilosa L. akulikuli
ROSACEAE
Osteomeles anthyllidifolia (Sm.) Lindl. ulei I X
RUBIACEAE
\Psydrax odorata (G.Forst.) A.C.Sm. & S.P.Darwin [alahe’e I X
SAPINDACEAE
\Dodonaea viscosa Jacq. ‘atali'i 1 X
SOLANACEAE
WNicotiana tabacum L. tobacco A X
ISolanum lycopersicum var. cerasiforme (Dunal) tomato, cherry A X
ID.M.Spooner, G.J. Anderson & R.K.Jansen tomato
STERCULIACEAE
Waltheria indica L. uhaloa I X X
VERBENACEAE
\Lantana camara L. lantana A X
ZYGOPHYLLACEAE
Tribulus cistoides L. nohu I X

18
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Appendix: Site Photographs

Figure 2. Looking southeast along the coast to Kanonone Ponds, Pohue Bay, and
littoral cones of Pu'u Ki.

Figure 3. Expanse of Lava mauka of Pu'u Kahakahakea.

2011. LeGrande Biological Surveys, Inc
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Figure 4. View of Kanonone ponds. Invasive shrubs of Pluchea (in foreground) should
be controlled from spreading.

Figure 5. Native sedge "uki and hala trees growing at the margins of water at Kanonone Pond.

2011. LeGrande Biological Surveys, Inc 20



Figure 6. Black sand and rubble beach at the base of Pu'u Ki.

2011. LeGrande Biological Surveys, Inc

Figure 7. Large ground
cracks in lava near
Kahakahakea. Few plants
inhabit this microhabitat
including the introduced
swordfern Nephroplepis
brownii.
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Figure 8. Northern pond
is a pristine example of
anchialine ponds.
Massive mats of the
native widgeon grass
inhabit this pond.
Management should
include removal of the
weedy Pluchea
population.

Figure 9. Pohue Bay with sandy shore. Coconut trees and pohuehue vine dominate the vegetation.

2011. LeGrande Biological Surveys, Inc
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Figure 11. The native Hawaiian poppy, puakala (Argemone glauca) seedlings sprouting
at the base of old plant.
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Figure 13. Understory of lama forest showing kulu'i (Nototrichium sandwicense)
individual (growing to the left of lama tree base).
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Figure 14. The sole
halapepe (Pleomele
hawaiiensis) found on
the Mauka project site.
This species of halapepe
is listed as Endangered
with the USFWS (2008).

Figure 15. Kolomona (Senna gaudichaudiana) in flower.
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Figure 17. Large plants of the invasive sisal (Agave sisalana) are recommended for
removal at the Lama Forest site.
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Figure 18. Maua (Xylosma hawaiiensis) in foreground and kolea (Myrsine lanaiensis)
located in the Pioneer Ohia Forest of the Mauka Portion.
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SUMMARY

The Kahuku Village project site sampled in this survey yielded native invertebrates and
birds, and adventive arthropods, birds, and mammals. No invertebrate currently listed
as endangered or threatened under either federal or state statutes was observed
within the survey area. One candidate species, Megalagrion xanthomelas or the
Orangeblack Hawaiian Damselfly, was observed near anchialine ponds. No vertebrate
currently listed as endangered or threatened under either federal or state statutes was
observed within the survey area.

Kauai
@ Oahu
Niihau f i;& Molokai
vy Maui
Lanai 2 >

Kahoolawe .
Hawaii

Figure 1. Hawaiian Island chain
x showing general location of project site

INTRODUCTION

This report summarizes the findings of a survey conducted by Steven L. Montgomery,
Ph. D., in support of an environmental impact statement to be prepared by the
planning firm PBR Hawai’i & Associates, Inc. The project proposes to create a variety
of endeavors with supporting infrastructure in Kahuku, Ka’u, Hawar'i Island (Figure 1).
Nani Kahuku ‘Aina, LLC, requested surveys on parts of TMK 9-2-001:072 in Ka'g,
Island of Hawai'i (Figure 2). The survey inventoried terrestrial invertebrates’ and
vertebrates®.

' Animals without backbones: insects, shrimp, snails, spiders, etc.
2 Animals with backbones: birds, mammals, reptiles

Montgomery June 2, 2011 page 1
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:i -Figure 3. Survey areas outlined in blug

Note: the mauka-makai roadway is a conceptual route, not marked by surveyors and
could not be specifically reviewed for this report. However, most of the conclusions
regarding the lands mauka of the beach area would also apply to the road corridor lava

fields.
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The goal of this survey was to provide an accurate review of the terrestrial fauna
present on the property at Kahuku, Ka’a. The primary emphasis of the invertebrate
survey was on terrestrial arthropods, particularly endemic or indigenous species. The
vertebrate survey concentrated on searching for evidence of native birds and the
Hawaiian hoary bat. Species having legal status under federal and / or state
endangered - threatened species statutes (DLNR 1996, 1997, USFWS 2005a, 2007,
2010a, 2010b) were of special interest.

Native Hawaiian plant, vertebrate, and invertebrate populations are interdependent.
Certain insects are obligatorily attached to host plants and use only that plant as their
food and / or provide pollination for native plants. Invertebrates such as insects and
snails, as well as the fruit and seeds of native plants, are the natural food of native
birds. The health of native Hawaiian ecosystems depends on habitat quality and
absence or low levels of continental predators and herbivores. Sufficient food sources,
host plant availability, and the absence of continental dominants comprise a classic
native, healthy ecosystem. Consequently, where appropriate in the survey discussion,
host plants, and introduced arthropods, birds, and mammals, are noted.

GENERAL SITE DESCRIPTION
The project area is on the southern portion of the Island of Hawai'i (Figure 1, 2) in the
Ka’l district. Elevation within the survey area rises from sea level to approximately
1900 feet (ft.) above sea level /580 meters (m.) where the access road would meet
Mamalahoa Highway. (Figure 3)

The area to be surveyed included:

approximately 1,937 acres running from the coast inland, starting northwest of
Pohue Bay southeast to Kakio, including 500 acres for a proposed Hawaiian Heritage
Village and conservation management area near the shoreline;

approximately 125 acres of mauka land located just below Mamalahoa
Highway (190-Hawaii Belt Road) and running along the South Point side of Hawaiian
Ocean View Ranchos.

Geologically, the site is mostly pahoehoe and ‘a@’a lavas (Figure 4 and 5) with soil in
selected locations and lava tubes present throughout the area. Much of the surface is
uneven and irregular. Kipuka of vegetation are scattered across the property with a
denser strand community.
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Figure 4. Pahoehoe lava with only scattered vegetation.

Figure 5. ‘A’a lava fields provide rare pockets of ashy soil.
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Figure 6. Typical strand vegetation on the site.

Figure 7. The anchialine ponds supported the most diversity of plant and animal life.

The site incorporates several vegetation communities. The strand vegetation (Figure
6) is unusually simple, with several plants typical of dryland strand communities
missing. Biologically, the most diverse areas are the areas surrounding the anchialine
ponds (Figure 7). The ponds provide a year-round source of surface brackish water
that supports some water-dependent invertebrates and creates food for birds.
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There are no flowing perennial fresh water streams present. One nearly fresh water
pool was noted inland in cracks in the pahoehoe lava. Brackish and near-fresh water
is present in shallow wells.

The larger site has been through a variety of changes as first Polynesians then
Europeans adapted the area to their needs. Early Hawaiian use of the marine
resources and establishment of dwellings, including use of lava tubes for shelter and
storage, began the process of change. Modern grazing of domesticated and now feral
animals combined to remove large portions of the native vegetation and native
invertebrate populations. Undoubtedly, the dominant change factor in the last century
and a half has been Mauna Loa lava flows in the area. The current surveys and the
1987 bird and mammal survey found evidence of damage to plants by goats (Bruner
1987; LeGrande 2011).

SURVEY METHODS

Since 1970, | have taken part in field projects in other dryland locations on the Island
of Hawai’'i and throughout the island chain. | have participated in a wide range of
biological surveys and field experiences giving me visual and auditory identification
knowledge of Hawaii’s birds. My study design and my analysis of results utilize those
experiences and the results of other surveys. Surveys of other dryland areas have
created a sizeable body of information on native invertebrate, vertebrate, and related
botanical resources found in areas similar to Kahuku Village (Bridwell 1920, Swezey
1935).

Previous Surveys and Literature Search

A 1987 Environmental Impact Statement (Belt Collins), which included this site within a
much larger area, included botanical, avian/mammalian, and anchialine pond surveys
of the project area (Bruner 1987; Char 1987; MRC 1987). Those surveys were helpful
in preparing for this survey, however, terrestrial and lava tube invertebrates were not
included in those surveys. Previous archaeological studies (Haun and Walker 1987)
showed evidence of lava tubes in the project area, but no mention of cave-adapted
invertebrate species.

A search at the State’s Office of Environmental Quality Control (2010) web site for
surveys done in adjacent areas returned very few results for invertebrates. Creation of
the nearby Hawaiian Ocean View Estates and Ocean View Ranchos predates the
1970s EIS process and no reports are on file for those projects (OEQC 1973; Alakai
pers. com. 2010; Elwell 2009). Invertebrates were not surveyed by either a 1994
Environmental Assessment for a proposed park in Hawaiian Ocean View Estates
(Terry), or a 2008 Environmental Impact Statement for a proposed Recycling Point and
Convenience Center (Geometrician Associates). Vertebrates were surveyed in both
cases.
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A search was made for independent biological studies associated with this site or with
nearby sites. Searches were made in the Bishop Museum and University of Hawai'i
libraries (2010). Online proprietary data bases of such as Academic Search Premier,
AGRIS, and Ingenta Connect were searched. Searches were made for publicly
available articles mounted on the web (Google Scholar, University of Hawaii’'s Scholar
Space). Searches were made in regional and national databases which provide
geographic access, such as the Pacific Basin Information Node (2010) and Hawaii
Natural Heritage Program (2010). Data base searches were made in Bishop
Museum’s Arthropod and Mollusk checklists, and the University of Hawaii, Hamilton
Library’s Hawaii-Pacific Journal Index.

Access to the project area was limited prior to construction of Mamalahoa Highway.
After the 1940s, a 4-wheel drive road gave access to Pohue Bay, but access has
always been limited. Fishermen have been the most frequent visitors to the coastline.
A search for field notes by botanist and fisherman E. Y. Hosaka, a known visitor to
Pohue Bay until his death in 1961, did not return results. The area lacked the
commercial agriculture which generated much of Hawaii’'s formal entomological
surveys since the 1900s. The combination of these factors makes it unremarkable that
this review showed no previous independent invertebrate surveys of the specific site.
The Hawaii Natural Heritage Program (2010) database did return some records; all
associated with the anchialine ponds.

It should be remembered that the place name Kahuku applies to a huge geographic
area, the state’s largest ahupua’a, including land that is higher and wetter than the
survey area. Kahuku and Ka’'u are mentioned as the source of invertebrates which
clearly belong to those higher, wetter elevations and those species have been
excluded from our comparison and baseline data. For example, in 1916 Bishop
Museum botanist C. N. Forbes collected in “Kahuku, between flows of 1887 and 1868.”
(Forbes 1917) Examination of his notes and published information, descriptions of his
means of travel and arrival at the flows, makes it apparent that, although the two flows
mentioned may come near each other on the east edge of this property, Forbes was at
a much higher elevation above 1700 ft. (Forbes n.d., 1909-17; PBIN).
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Final

Fieldwork

Field surveys were conducted between December 3 -12, 2010, and January 3 — 5,
2011. | conducted a general assessment of terrain and habitats at the start of the
survey. Surveying efforts were conducted at various times of day and night, vital for a
thorough survey. Native botanical resources identified by Char (1987) (see “Previous
Surveys and Literature Search” above), and field collaboration with botany surveyors
M. LeGrande (pers. com. 2010) were helpful to my invertebrate searches. Incidental

vertebrate records were made throughout the Dec. 3-12, 2010, survey.

Fieldwork schedule:

December 3, 2010 Orientation, general invertebrate collecting; light survey

December 4-6 2010 General invertebrate collecting; light survey each night

December 7, 2010 Lava tube search and inspection

December 8-9, 2010 General invertebrate collecting, coordination botanical team
lava tube inspection; light survey

December 10, 2010 General collecting; lava tube inspection; light survey

December 12, 2010 General collecting; lava tube inspection

January 3, 2011 Vertebrate survey; light survey; lava tube searches

January 4, 2011 Vertebrate survey; light survey; lava tube searches

January 5, 2011 Vertebrate survey; lava tube searches

Survey Methods: Invertebrates
The following survey methods for
terrestrial invertebrates were used as
appropriate to the terrain, botanical
resources, and target species.

Baiting: Baits are used to attract insect
species to specific tastes or smells. For
example, both native beach and lava
crickets respond to a strong odor of
decaying flesh. Baits can mimic that
smell and taste and so attract those
insects. Insects are enticed by the bait’s
‘advertisement.”  Baits are placed at
likely locations in bottle traps (Figure 8)
and checked periodically. Any insects at
the bait are then observed and
censused. This is much more efficient
than roaming the research area seeking

Figure 8. Lava crickets hide by day
and can be best censused by baiting
with favorite tastes and smells.
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cryptic or night feeding insects. Baiting is a recognized method of censusing lava
tubes for cave adapted fauna and for censusing beach and lava crickets.

Host plant searches: Potential host plants, both native and introduced, were
searched for arthropods that feed or rest on plants. Wandering transects were
followed throughout the coastal and inland area with emphasis on reaching native host
plants.

Light survey: A survey of insects active at night is vital to a complete record of the
fauna. Many insects are only active at night to evade birds, avoid desiccation and high
temperatures, or to use night food sources, such as night opening flowers. Light
sampling uses a bright light source in front of a white cloth sheet (Figure 9). Night
active insects seem to mistake the collecting light for the light of the moon, which they
use to orient themselves. In attempting to navigate by the collecting light, disoriented
insects are drawn toward the light and land on the cloth in confusion. This type of
collecting is most successful during the dark phase of the moon or under clouds
blocking starlight.

Figure 9. Despite near-constant winds, night active
invertebrate fauna did respond to the light census.
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:I = sUrvay areas

Figure 10. Map of Kahuku Village project area showing light monitoring sites.
L = December light monitoring
L = January light monitoring
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(Methods continued)

Sampling was conducted for approximately 7-8 hours on each night of surveying. The
light source was a mercury vapor (MV) bulb. An additional, ultraviolet (UV) light
source was used at all sites. Due to the remote location, competing light from housing,
street lights and other artificial sources was not a factor.

Locations were chosen based on experience, host plant proximity, and terrain. As the
interconnection of arthropods and host plants is strong, light sampling was
concentrated in areas with more host plants. The sample locations, marked on Figure
10, are therefore near the coastal ponds and strand vegetation.

Sweep nets: Sweeping is a
common method of general
collecting for most flying and
perching insects. A fine mesh
net was swept across plants,
leaf litter, rocks, pond surfaces,
etc. to collect any flying,
perching, or crawling insects.
Transfer from the net was
either by aspiration, or by
placing the net contents
directy into a holding
container.

Visual observation: At all
times, | was vigilant for any
visual evidence of arthropod
presence or activity. Visual @ .
observations provide valuable | Figure 11. The borders and shallows of anchialine
evidence and are a cross | ponds were swept for flying insects attracted to the
check that extends the reach | Water.

of sampling techniques. Visual observation also included turing over rocks,
examining dead wood, and other debris.
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Survey Methods: Vertebrates
Avian point counts:

Eight-minute counts were conducted at 10 stations, January 3-5, 2011.
station, Kanonone Pond, was counted twice in an effort to provide as wide a
Many of the same locations were the source of
Incidental sightings from the

geographic sampling as possible.
incidental sightings during the December fieldwork.
December 2010 fieldwork are included in Table 2.

Only one

WS, ) &
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Figure 12. Kahuku Village project areas maps showing avian count sites.
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Survey methods: Vertebrates (continued)

Observations were made using binoculars, and by listening for vocalizations. Counts
took place between sunrise and 10 a.m. and 4 p.m. and sunset, the peak periods of
bird activity. Given the large area, habitat types, and low potential for seeing birds in
open lava, straight line transects were not used. Rather, counts were focused along
the coast, at the anchialine ponds (Jan. 3-4), and in the mauka portion (Jan. 5, 2011).

Auditory observations: At all times, the team was alert for vocalizations giving
evidence of birds or mammals.

Visual observation: At all times, the team was vigilant for any visual evidence of birds
or mammals within the survey area. Visual observation also includes notation of scat,
tracks, teeth marks on seeds or shells (rats) or browsing on vegetation (goats).

Survey Limitations / Conditions
My ability to form advisory opinions is influenced in the following ways:

Collecting conditions:

Weather: Weather was favorable for surveying Dec. 3-8, 2010, and Jan. 3-5, 2011.
Intermittent rains Dec. 9 -12, 2010, were not heavy and did not greatly disrupt
collecting efforts. The atmospheric vog did not appear to alter the behavior of
invertebrates and cleared skies after the rains did not make measurable differences in
survey results. Vigorous winds seem to represent a ‘normal’ environment for the
location, and wind also was reported by Bruner in his 1987 survey.

Seasons: Weather and seasonal vegetation play an especially important role in any
biological survey. Some birds visit the Hawaiian Islands only in winter during their
non-breeding season, while others visit Hawaii only in summer to breed. Host plant
presence/absence, and seasonal changes, especially plant growth after heavy rains,
affect the species collected. Many arthropods time their emergence and breeding to
overlap or follow seasonal weather, or to coincide with growth spurts of an important
food plant. Monitoring at a different time of the year might produce a longer / shorter /
different list of species.
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Figure 13 . Light rains in the last few December 2010 field days did not affect the insect survey.

Figure 14. Wind was a notable
environmental factor.
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(L) Figure 15. Rains in late December and early January brought typical seasonal growth of
vegetation. Many invertebrates time their emergence or reproduction to such flushes of growth.
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Although there were some small rains in the weeks prior to the December survey,
major winter rains and vegetation revitalization had not taken place. If vegetation had
developed after winter rains, a different insect list might have resulted. The January
2011 visit mitigated this question as additional rains fell in late December 2010.
Nevertheless, the low level of native plants, in part due to consistent browsing by
goats, was a stronger factor in determining the invertebrates encountered than the
seasonal condition of vegetation. As the botanical survey will show, some native
plants noted during the survey in 1987 (Char) were absent and evidence of goat
depredations were seen by this surveyor and others (LeGrande pers. com. 2010).

Moon: The moon was ‘dark’ and presented no competition to the collecting light on
the evenings of December 3 - 8, 2010, or January 3-4, 2011. After Dec. 9 the moon
was a waxing crescent with increasing portions visible, but did not reach first quarter
until after the survey, Dec. 13, 2010. Dec. light surveying was concentrated during the
early part of the survey. Dec. 9-12, most days the moon set between 10pm and
midnight leaving some hours of no-moon monitoring or rose during daylight hours and
set close to or before the end of twilight each night®. The near complete lack of
artificial light sources at the chosen sites compensated for the little competition offered
by the small moon late in the survey. (USNO)

Limited duration: | believe the survey provides a fair review of the zoological
resources present. The vertebrate survey results compare well to those achieved in
1987. More bird species were seen, for example, in this survey. Although the
systematic survey of vertebrates took place Jan. 3-5, 2011, incidental sightings were
recorded by both the botanical and invertebrate survey teams in Dec. 3-12, 2010 and
those records contributed to this report.

Difficulties in sampling a large area for a diversity of species assure that some will
elude even the most experienced collector. The overall study strategy and site
selections were designed to mitigate this recognized handicap to the extent possible.
Given the size of the property, it is probable surveying for a longer period of time would
enlarge the list of invertebrate species. It is less likely that many additions would be
made to the vertebrate list. A few species reasonably expected to occur on the
property were not found (see Species Not Observed).

% Times given are for Na’alehu as closest location tracked by U. S. Naval Observatory
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Selectivity: The invertebrate survey was focused on finding any endemic and
indigenous Hawaiian land species. No attempt was made to completely document the
common alien arthropod species present.

Other factors: All vertebrate species noted were reported, however, no attempt was
made to trap or otherwise systematically obtain data on the density or distribution of
alien mammals.

All lava tubes located and examined were short sections and in the lower elevations.
The results for longer lava tubes at higher elevations, with strong vegetation cover
might be different.

RESULTS OF SURVEY:

Incidental records:

In addition to the results noted below, the following species were noted in passing
during the survey:

Anchialine Ponds:

Another surveyor is responsible for identification of species in the anchialine ponds.
The ponds, as the most reliable source of water for invertebrates such as dragonflies
and damselflies, were a focus of my own invertebrate survey. These observations are
incidental to that work.

Gymnothorax pictus, a small moray eel [previously hilonis (Béhlke and Randall 2000)]
was seen in the southeast anchialine pond. It does not appear to be mentioned in the
1987 survey (Marine Research Consultants), but is known from anchialine ponds on
Hawal'i Island (Bohlke and Randall 2000).

The shrimp populations (largely Halocaridina rubra Holthuis, 1963) appear healthy and
utilizing a variety of pond habitats. Noted as a positive is the absence of alien fish in
the anchialine ponds. Predatory alien fish in ponds are a major cause in the
extirpation of native shrimp. Care should be taken to keep the ponds fish-free. (See
“Recommendations”)

Montgomery June 2, 2011 page 18



Wildlife Survey, Kahuku Village Final

Incidental records: continued

Figure 17. Congregations of grazing shrimp or ‘Opae ula are common.
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DISCUSSION

Native terrestrial invertebrate and vertebrate species of note are discussed. Also,
information is provided on adventive species often misidentified or confused with
native species by the public. Non-native species that constitute a danger to native
species (e.g., ants; goats) or human beings (e.g., paper wasp) are discussed.

RESOURCES: NATIVE SPECIES PRESENT ON SITE

INVERTEBRATES

MOLLUSCA

GASTROPODA (Snails) Pulmonata

Succineidae: Succinea sp.

The only native snail recovered was one empty Succinea shell found in litter under a
lama tree in the mauka portion of the survey. No live native snails were seen.
Although the area surveyed provided generally poor habitat for native snails, it is likely
a longer search would have found live Succinea. Succinea are generalist surface
feeders and persistent in even degraded habitat.

ARTHROPODS

ARANEAE (spiders)

Lycosidae: Lycosa hawaiiensis Simon, 1899 (wolf spider)

This endemic spider came to my light survey,
hunting the concentration of prey species
attracted to the light. Wolf spiders will prey on
non-native invertebrates allowing it to adapt to a
changed prey menu. These are quick, strong
predators which give maternal care to their
young. They hide alone by day and hunt by
night in established individual territories.
(Manning/Montgomery  in  Liittschwager &
Middleton 2001)

Figure 18. Native wolf spider
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Native species present on site: Invertebrates (continued)

INSECTA

HETEROPTERA (True bugs)

Lygaeidae: Nysius sp.

This native seed bug, commonly found in dryland locations, uses many alien and
native host plants. It is known from most islands in the Hawaiian chain.

Miridae: Orthotylus daphne Kirkaldy, 1902

This endemic ‘true bug’ is found on O’ahu and Lana’i as well as Hawai'i Island.

It sucks sap from plant leaves, is tied to a specific host plant, Maua (Xylosma
hawaiiense), and is often the food of native birds.

(L) Figure 19. Maua (Xylosma hawaiiense), an endemic plant,
found only in the Hawaiian Islands, is the host to the endemic
Orthotylus daphne.
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Native species present on site: Invertebrates (continued)

HYMENOPTERA (Bees, wasps, and ants)
Colletidae: Hylaeus flavipes (F. Smith)
yellow-faced bee

The yellow faced bee was observed on
flowering ‘Ohi'a lehua in the mauka
portion of the property. This native bee is
widespread in island coastal zones.
Yellow-faced bees comprise over 60
species of native pollinators important to
the native flora, more than 25 on Hawai’i
Island. It is often seen pollinating ‘ilima [=58 2
flowers. The females of this native, |
ground nesting bee are larger than males

© Figure 20. Hylaeus male with yellow face

and lack the yellow heart-shaped face spot of males (Figure 19). Males and females
live in individual tunnels in soft ground. H. flavipes is known from Maui (not seen
recently), Lana’i, possibly O’ahu, in addition to Hawai'i. The yellow-faced bee species
have been thoroughly studied by Daly & Magnacca (2003) and specific species
proposed for endangered status. This species is not among those which may be
named as endangered. (USFWS 2010a).

These bees are important native pollinators and may become more important in
pollinating crops due to a reduction in honey bee populations. The parasitic Varroa
mite, recently introduced to O’ahu from North America is now spreading through
Hawai’i Island honey bee hives. As the Varroa mite Kills individual honey bees,
colonies die. In the future, the unaffected yellow-faced bee may fill some pollinating
needs.

Yellow-faced bees do not sting and are not a danger to humans.

LEPIDOPTERA (butterflies, moths)

Cosmopterigidae: Hyposmocoma sp.

Several species of Hyposmocoma, as adults, came to light. As the wet season
advances it could be expected that a higher number of individuals and more species
would be recovered. Hyposmocoma are called “case bearers” because after an early
beginning inside a leaf curl or similar hiding place, the caterpillars create protection in
an intricately constructed portable “cave” woven of their own silk. For camouflage,
they add bits of their surroundings to the case using silk: snips of dry grass or leaves,
flakes of bark, a little dirt. The case is then easily mistaken by a predator as another
part of the inedible landscape. These bunkers are fitted with a hinged lid (operculum),
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Native species present on site: Invertebrates (continued)

pulled shut by tiny mandibles to defend them from enemies. Their relationship to the
case is similar to that of a hermit crab to his shell. They are dependent on their case,
and die if removed — even if protected from predators and given food. They don’t
move far, but feed while partly emerged from the case, dragging along protective
armor by their six true legs. Cases are sometimes attached to rocks or tree trunks and
foliage. (Manning/Montgomery in Liittschwager & Middleton 2001)

With over 500 kinds, Hyposmocoma micromoths
are the greatest assemblage of Hawaiian Island
moths, showing astonishing diversity. After writing
630 pages on them, Dr. Elwood Zimmerman
lamented the inadequacy of his study. He noted an
enormous cluster of species with explosive
speciation and diverging radiation (Zimmerman
1978). Much remains to be learned about the life
ways of this interesting group of insects now under
study by University of Hawaii’s Dr. Daniel Rubinoff
and his students (Rubinoff 2011).

© Figure 21. Hyposmocoma sp.

Photo# starr-030724-0089
credit: "Forest & Kim Starr" (HEAR)

Crambidae: Eudonia sp. (moss moth)

This endemic, narrow winged, speckled
moth is represented on Hawai'i Island by
more than 30 of the 60 species known in the
island chain. None are considered rare,
endangered, or threatened.

Some species have been reared from moss
where they build silken tunnels of protection
in which to feed (Swezey 1910), but for
many species the host plant is not recorded
yet. (HBS 2002a, HOSTS, Zimmerman
1958b)

© Figure 22. Eudonia are found in a
wide variety of habitats.
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Native species present on site: Invertebrates (continued)

Tamsica hyacinthina (Meyrick 1899)

© Figure 23. Tamsica at light

Gracillariidae: Philodoria basalis Walsingham, 1907 or

Caloptilia mabaella (Swezey), 1910 or Caloptilia azaleella (Brants), 1913
The young and terminal leaves of lama
trees (Diospyros sandwicensis or
Hawaiian persimmon) in the mauka
dryland forest area show distinctive
feeding damage associated with leaf
miner caterpillars (Figure 23). Leaf
miners burrow or “mine” inside a leaf,
creating scars or lines on the leaf
surface where they have eaten out the
inner flesh. As the caterpillar was
absent, identification is difficult.
Philodoria basalis is the likely endemic
species. The most likely adventive
pest is Caloptilia sp. C. mabaella,
which has been known in the islands
since 1910 (Swezey 1910, 1954), is
previously recorded only from O’ahu. | Figure 24. Feeding by leaf miners.

Caloptilia azaleella is known from

O’ahu and Hawal'i Island, but not previously associated with Diospyros sandwicensis.
(HBS 2002a; HOSTS 2010; Nishida 2002)
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Native species present on site: Invertebrates (continued)

Noctuidae: Agrotis sp. nr. microreas Meyrick, 1899

Agrotis moths are found from the
barren, high elevations of Mauna
Kea and Mauna Loa to these lava
coasts where adults came to the
light survey. These interesting
moths are found only on what
appear to humans as barren, open
lava flows and cinder areas. Their
life history and diet of caterpillars
are little known.

Sphingidae:
Hyles calida hawaiiensis
(Rothschild & Jordan, 1915)

Hyles adults (Figure 24), an
endemic subspecies found only on
Hawai’i Island, came to the light
survey. The adult feeds on nectar
in flowers and in the process
provides pollination by transferring
pollen on its head from flower to
flower. The -caterpillar probably
eats native alahe’e (Psydrax
odoratum) present on the property.
It can be easily confused with the
alien Hyles lineata, also found in
this survey (see Figure 38).

In form it may be confused with
Manduca blackbumi (see Figure
47) if seen at rest or only glimpsed,
but it is only one-third the size of
Manduca, making it distinguishable.

™ = - -

Figure 25. Adult Hyles calida hawaiiensis at light
survey, showing markings and underwing
coloration.
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Native species present on site: Invertebrates (continued)

ODONATA (Dragonflies and Damselflies)

Coenagrionidae: Megalagrion xanthomelas Orangeblack Hawaiian Damselfly

Figure 26. The anchialine ponds give native dragonflies and damselflies year-round
water free of predatory alien fish and clear of plants that choke off open water.

\ ¥y i Ff' ‘.'.,
(L) Figure 27. An Orangeblack Hawaiian
Damselfly rests between flights

Damselflies, magnificent in flight, would be
easily seen by residents or visitors walking
near the ponds. The species was
previously reported from the property in
ponds near Pohue Bay in the 1990s (Haw.
Nat. Heritage Prog. 2010). This native
dragonfly is a candidate for Endangered
Species Act protection because of threats
to habitat and predation by non-native
species. M. xanthomelas, however, is
rated priority level 8 for U.S. Fish & Wildlife
Service protective action, meaning they are
not likely to receive action soon (USFW
2010a).
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Native species present on site: Invertebrates (continued)

Libellulidae: Pantala flavescens Globe skimmer

An indigenous dragonfly (Pantala flavescens) (Figure 27) was observed on the
property. Among the most easily
observed native insects, they are
large, easily approached by people,
and graceful in flight. Any small
amount of fresh water will attract
them and they often colonize human v
maintained water sources such as
golf-course water hazards and stock
tanks. Globe skimmers are widely
distributed throughout the Hawaiian
Islands, from Kure to Hawai'i Island
(HBS 2002a, Nishida 2002) and © Figure 28. Globe skimmers use a wide
have even been found flying at sea | Variety of water sources.

(Howarth & Mull 1992).

e

|

ORTHOPTERA (Praying Mantis, Grasshoppers, Crickets)

Gryllidae: Caconemobius anahulu  Lava cricket

This species was first discovered by Dr. D. Otte on open lava 1 km from
'Anaeho'omalu Bay, Hawai’i Island. In his major revision of Hawaiian crickets Otte
writes this species “may be widespread along the western slopes of Hawaii Island.”
(Otte 1994) It is not known as an agricultural or household pest. Rather, the crickets
are part of the system that removes dead insects. In the original native Hawaiian
environment they took the place of ants in cleaning up. They are attracted to the baits
with strong smells as this mimics the smell of decaying moths, flies, or other
invertebrates which die on the open lava. The strong winds bring in large numbers of
flying insects (e.g., black witch moths) supporting a healthy population of crickets, as
well as spiders.

Caconemobius sandwichensis Beach cricket

Caconemobius sandwichensis are specialists feeding on marine detritus in the splash
zone among boulders statewide. Being nocturnal, they were seen only by baiting -
luring them into bottles and similar traps with baits of fermented shrimp paste, blue
cheese, and ripe fish skin. They were widespread in the littoral zone.
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Figure 30. Beach crickets live in the splash zone among boulders, emerging at
night to feed marine debris — a night shift beach cleanup crew.
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NATIVE SPECIES PRESENT ON SITE
VERTEBRATES

AVES

A total of 33 individual native birds, representing 5 species were recorded during the
December and January surveys. This survey recorded several winter visiting birds
and some native residents. The Kolea was seen in the most locations on the most
occasions. The largest number of native birds seen in one instance were the Noddies.
The large number of Frigatebirds seen was undoubtedly an uncommon occurrence
resulting from a storm at sea. The anchialine ponds and seashore were the favored
habitat for resident birds. The apparent lack of feral dogs and mongoose, (see “Not
observed on the site: Vertebrates”) and low level of feral cats and rats, may contribute
to the survival of birds on site. Care must be taken to keep numbers of introduced
predators low (see Recommendations: Best Practices Management Plan).
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Native species present on site: Vertebrates (continued)

PELECANIFORMES

Fregatidae: Fregata minor palmerstoni ‘lwa or Great Frigatebird

Two groups totaling 7 Frigatebirds, identifiable by a distinctive wing outline, were
observed heading inland in advance of a storm Dec. 9, 2010 (Figure 31). They usually
are at sea, but may shelter on the wing along the coast in circumstances such as a
strong storm. The species, widespread in the Pacific, nests mostly on off-shore islets
and in the Northwest Hawaiian Islands. (Harrison 1990).

Figure 31. Frigatebirds head inland
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Native species present on site: Vertebrates (continued)

Phaethontidae: Phaethon lepturus White-tailed Tropicbird or Koa’e kea

Jan. 3, 2011, one juvenile bird was observed flying from sea cliffs south of Pohue Bay
at approximately 5:45 p.m. It was seen from above and the mostly white body
displayed a checker board like white / black back. It flew out to sea for a short
distance, then tumbled a bit in flight and fell into the water in a clumsy manner. It
struggled a while to take off again but did succeed, flying away from the observer. The
feather pattern and inexperienced flying, led to the identification. This species nests
along the rocky coastline and also inland on cliffs of the Big Island, so its presence is
not unusual. However, young birds usually leave the natal area and go out to sea after
fledging.

CHARADRIIFORMES

Charadriidae: Pluvialis fulva Kolea or Pacific Golden Plover

Kolea were seen Dec 6, 2010 (1 at ponds); Dec 8, 2010 (2 — 1 at Pohue Bay; 1 south
of the Bay); Dec 9, 2010 (1 near Kakio); Jan 3, 2011 (3 in one location; 1 alone).
Perhaps the most commonly seen winter visitor in the island chain, the Kolea adapts to
human spaces such as lawns, school and park yards, and even median strips on road
ways as well as the wilder areas afforded at this property. They are territorial with
most birds returning to the same piece of ground each year. They leave for winter
breeding after changing plumage in later April to early May, and return to Hawai’i again
in August. A few non-breeding birds may remain through the summer. (Berger 1972)

Sternidae: Anous stolidus or Anous minutus Brown or Black Noddy

Noddies were seen along sea cliffs and at Kaki'o as incidental sighting invertebrate
survey. Nine birds were seen Dec. 5, 2010, flying toward South Point at twilight. A
single bird was seen flying at sea near cliffs on mid-morning on Dec 9, 2010. Although
both observers identified the bird as the Brown Noddy, the two species are not easily
distinguished at a distance. This resident native nests on off-shore islets and cliffs.
They forage at sea and may travel long distances for food. (Harrison 1990).

Scolopacidae: Heteroscelus incanus  ‘Ulili or Wandering Tattler
‘Ulili were seen Dec 6, 2010 (1 at shoreline); Jan 3, 2011 (1 at Pohue Bay); Jan 4 (1
bird each at Kanonone Pond and at western most pond); Jan 5 (1 at Kanonone Pond).

The ‘Ulili is a winter visitor, returning to the islands in August after a spring and
summer nesting and raising young in Alaska and northwestern Canada. They are
seen throughout the island chain along coastlines, in mud flats and sometimes along
streams. They can appear in twos or in small groupings, even associating with other
species. A few non-breeding birds may remain through the summer. (Berger 1972)
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Native species present on site: Vertebrates (continued)

CICONIIFORMES

Ardeidae: Nycticorax nycticorax ‘Auku’u or Black-crowned Night-Heron

The ‘Auku’u is known from all major Hawaiian islands wherever water offers prey
(Berger 1972). Bruner listed this bird among those he had not observed, but believed
“could potentially occur on the property.” (1987) Although the bird was not observed,
its presence is inferred. A pile of approximately 30 shells of Theodoxus cariosus (a
brackish water neritid snail) were noted beside a pond at Kanonone. The shells were
cracked — rather than gnawed as a rat opens shells. The Auku’u is the only bird in
Hawaii with a beak design and strength to accomplish this task. The shells mostly
retained their color and distinctive spots meaning their collection was recent, not part
of older, Hawaiian food gathering. Other food remains were not found with the snails
as is common in human created middens.

Figure 32. Cracked snail shells from adjacent anchialine pond, typical of Auku’u feeding.
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ALIEN SPECIES PRESENT ON SITE
INVERTEBRATES: ARTHROPODS
ARANEAE (spiders)

Salticidae: Unidentified species

A jumping spider was noted on Pandanus
leaves near the ponds. There are 10 genera
of Salticidae spiders reported from Hawai'i
Island. Only Sandalodes is endemic and has
a very different body form. (HBS 2002a,
Nishida 2002)

Figure 33. Jumping spider hunting on
INSECTA: LEPIDOPTERA Hala plants near the anchialine ponds.
Geometridae: Macaria abydata Guenee, 1857
Kolomona (Senna gaudichaudii), an indigenous plant, growing in the mauka portion of
the property is under attack from this alien caterpillar which is stripping leaves from the
plants. This appears to be a new host record for this species (HOSTS).

..--.'r. I‘ﬂ-. 4 > b...r'?":’f f . ]
Figure 34. Kolomona (Senna gaudichaudii (L). Inset images from lab
rearings: top left - caterpillar, lower left - moth.
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Alien species present on site: Invertebrates (continued)

Noctuidae: Ascalapha odorata (Linnaeus, 1758)

The black witch moth has been widely
distributed in the island chain since the
first sightings at Honaunau in 1928 (Bryan
1929). This large moth is occasionally
mistaken for a bat, especially as it is most
frequently seen at dawn or dusk. In cities
it rests under the eaves of roofs during

the day. At this site it was noted
sheltering in lava tube entrances. The
caterpillars eat the young leaves of

Monkeypod trees (Samanea saman)
making the response of a large number of
moths to my shoreside light unexpected.
It is probable they were carried onto the
site by the strong winds blowing from the
Na’alehu side of the island. The large
number of moths, which eventually die,
are likely the food source for the high
population of crickets on the property.

may account for large cricket population.

Figure 36. Large numbers of black witch moths

Black witch moth

Figure 35 . Black witch moths, eyes glowing in the
camera flash, dining on a banana slice.
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Alien species present on site: Invertebrates (continued)

Noctuidae: Hypocala deflorata (Fabricius, 1793)

In the mauka portion of the property, native lama (Diospyros sandwicensis) foliage is
being eaten by this alien caterpillar. The very young (red circle) hide with pale
colorings to match the leaf and under silken awnings (red arrow). As their size
increases, the caterpillars change color and markings, eventually coming to mimic the
dry stems of the plant, complete with simulated stem joints behind the head and just
before the posterior. Lama is a recorded food plant. The species was first taken in
Honolulu by early entomology collector, Rev. Blackburn between 1877-1883. It is
known on all major Hawaiian islands and in the Pacific, Africa, Australia, and may
originate in India. (Zimmerman 1958a)

Figure 37. Noctuid caterpillar changes color and perch
locations as it grows.

Montgomery June 2, 2011 page 35



Wildlife Survey, Kahuku Village Final

Alien species present on site: Invertebrates (continued)

Oecophoridae: Ethmia nigroapicella (Saalmueller, 1880)
Kou leafworm or Cordia defoliator

Kou trees on the property show chewing damage by the caterpillar of Ethmia
nigroapicella, erroneously, but officially, named the Kou leafworm (caterpillars are not
worms). The moth responded to my light survey. Dr. Hillebrand, Honolulu physician /
botanist, remarked on their damage in his 1888 Flora of the Hawaiian Islands (1888, in
Hardy 1978) indicating their relatively recent introduction to the islands. As late as
1944, O. H. Swezey remarked on their destruction of trees. Today their numbers
appear reduced, but the caterpillars can reach large numbers and do great damage to
the trees.

Figure 38. Kou trees at the makai portion of the property show damage by caterpillars of
Ethmia nigroapicella.
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Alien species present on site: Invertebrates (continued)

Sphingidae: Agrius cingulata Sweet potato hornworm

The sweet potato hornworm moth (Figure 37) responded to my light survey. It feeds
on all sweet potato, morning glory, and related plants, and is widely distributed around
the Hawaiian Islands where host plants are present. (HBS 2002a, Nishida 2002). This
large moth is most easily confused by the public with the Blackburn’s sphinx moth
(Manduca blackbumni) described below (see Species Not Present). Adult A. cingulata
moths have PINK horizontal body markings on both sides and pink on underwings
(Figure 37). Manduca (Figure 47) has orange body markings. When the moths are
resting with wings folded, the color is hidden, can lead to misidentifications of Manduca
when A. cingulata was actually seen.

Figure 39. Sweetpotato hornworm moth at light showing pink markings.
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Alien species present on site: Invertebrates Sphingidae (continued)

Hyles lineata Whitelined sphinx

This introduced sphinx moth responded to my light survey. It could be misidentified as
Blackburn’s sphinx moth (Manduca blackburni) (Figure 47) or Hyles calida hawaiiensis
(Figure 24) if seen at rest or only glimpsed. It is distinguished by PINK vertical lines
along the body and pink under wings. Note in calida the color is more cream than
white and there are no vertical stripes across the horizontal. When resting it can be

Figure 40. Whitelined sphinx wings closed, wings open

distinguished  from
other Sphingids by
the white line along
each outer wing.
Sometimes it s
reported by the
public as a
hummingbird due to
the way it hovers at
the mouth of flowers
sucking nectar.
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Alien species present on site: Invertebrates (continued)

ORTHOPTERA (Praying Mantis, Grasshoppers, Crickets)

Gryllidae: Gryllodes sigillatus (Walker), 1869 Flightless field cricket

This world-wide traveler was first recorded in the Hawaiian Islands in 1895
(Zimmerman 1948). In the years since, it spread up and down the island chain.

Although superficially similar in appearance, Gryllodes sigillatus males ‘sing’ by
rubbing vestigial wings together, while the native species C. anahulu is wingless and
mute.

ALIEN SPECIES PRESENT ON SITE
VERTEBRATES

REPTILIA
Squamata
Gekkonidae: Phelsuma madagascariensis (Gray)

This relatively new alien is spreading across the island chain. First taken in Manoa,
O’ahu, in 1996 this colorful gecko is a growing threat to native species. Although seen
in Kona over 5 years ago, this is the furthest south on Hawar'i Island | have observed
this species.

Scincidae: Cryptoblepharus poecilopleurus (Wiegmann) 1834
Snake-eyed skink

This skink was sighted at
Kanonone pond and other
locations. All reptiles in
Hawai'i are adventive (not
native). This skink has been
in the islands for many years
and is widely reported on all
major islands, Niihau and
Laysan. (HBS 2002c)

Figure 41. The coloring of the snake-eyed skink
makes it especially cryptic on pahoehoe lava flows.
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Alien species present on site: Vertebrates (continued)

AVES

A total of 69 individual non-native birds, representing 9 species from 7 separate
families were recorded during the December and January surveys. As with native
birds, the anchialine ponds and sea shore were favored habitats. See Table 2 for a
complete listing. None were exceptional and have wide ranges throughout the island
chain. Avian diversity was low, with Doves and Cardinals being the commonest. A
low level of food resources is the most likely reason for low numbers of birds.

MAMMALIA:

Artiodactyla: Bovidae: Capra hircus Linnaeus Feral goats

Feral goats were present and R —ore Sisenrn
| sl

browsing on plant resources in
several locations in the property.
They were observed repeatedly by
both botanical and invertebrate
surveyors in December 2010 and
again during the vertebrate survey,
January 2011. They were
observed near Pohue Bay as well
as inland. Abundant droppings
were noted around the littoral
cones at the coast, at and mauka
of Pu'u Ki, and surrounding areas.
Bruner (1987) also reported goats
present on the site. Browsing by
goats is the most likely cause of
the low diversity in strand plants.

Figure 42. Goat bones in lava tube on the site.

Alien goat browsing does double damage to native species:
e most native vegetation, unlike most continental plants which evolved with
browsers, does not sprout back after the growing tip is nipped off;
e Pluchea carolinensis, an alien present on site, is not eaten by goats due to a
bitter taste in the leaves. The Pluchea thrives to displace native species.

Damage to native plants means damage to native invertebrate host plants. Pluchea is
not known to host native invertebrates.
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Alien species present on site: Vertebrates (continued)

Carnivora: Felidae: Felis catus Feral house cat

Feral house cats were not directly observed, but scat, containing bones, was collected
along the footpath trail from Kanonone Ponds to the ‘western pond’. The scat was too
large to be from mongoose. Analysis of the contents showed a diet of insects
(cockroaches, praying mantis), mice and rats (fur, teeth), as most plentiful. No bones
easily identified as bird bones were seen, but all bone was fragmentary and small so
that it was not possible to exclude birds from the cat’s diet.

Rodentia: Muridae: Rattus sp. Rat

Rats were evidenced by an isolated instance gnawed hala (Pandanus sp.) seeds at
Kanonone Ponds and one of chewing on coconuts. Rattus norvegicus (Norway rat),
Rattus rattus (Roof rat), and Rattus exulans (Polynesian rat) are present on Hawar’i
Island (HBS 2002d). Any of these species could occur on the property. Due to the low
level of damage / feeding and lack of visual sightings, the rat population is probably
low.

Mus musculus Linnaeus, 1758 House Mouse

Mice were evidenced by small teeth and fur in the Kanonone Ponds cat scat. They are
ubiquitous in Hawai’i and their absence here would be surprising. They are likely in
the mauka portion of the property as well.
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Table 1: List of Invertebrates:

Species

Kahuku Village, Ka’'t, Hawar'i

Common Name

Location Status Frequency

Notes

MOLLUSCA

GASTROPODA

PULMONATA

shails and slugs

Succineidae

Succinea sp.

End

shell only; in leaf litter

ARTHROPODA

ARACHNIDA

ARANEAE

spiders

Lycosidae

Lycosa sp.

wolf spider

End

hunting at light survey

Salticidae

jumping spider

undetermined spider 1

INSECTA

BLATTODEA

Blattidae

cockroaches

Periplaneta americana
(Linnaeus), 1758:

American cockroach

LT

Adv

in cat scat; in lava
tubes

COLEOPTERA

beetles

Anobiidae

Holcobius sp.

End

in dry lama stem

Bostrichidae

undetermined beetle 1

Adv

ID by dry tunnels in
dead Diospyros (lama)
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Species

Common Name

Location Status

Frequency

Notes

COLLEMBOLA

springtails

Entomobryidae

undetermined sp. 1

0)

under stones

DIPTERA

Canacidae

Canaceoides hawaiiensis
Wirth, 1969

beach fly

End

Ceratopogonidae

Forcipomyia hardyi
Wirth & Howarth, 1982

End

at light

Chironomidae

bloodworm midges

Chironomus hawaiiensis
Grimshaw, 1901

AP

End?

at light

Culicidae

Mosquitoes

Aedes albopictus(Skuse, 1894)

forest day mosquito

Adv

breeding in trash

Culex quinquefasciatus
Say, 1823

Southern house mosquito

Adv

breeding in trash

Dolichopodidae

Hydrophorus williamsi
Parent, 1938

tidal long-legged fly

AP

End

Drosophilidae

Drosophila sp.

in Jpomoea flowers
adults and larvae

Ephydridae

Scatella sp.

shore flies

End

Montgomery June 2, 2011

page 43




Wildlife Survey, Kahuku Village

Final

Species Common Name Location Status Frequency Notes
HETEROPTERA true bugs
Lygaeidae seed bugs
Nysius sp. M End R at light
Miridae
Orthotylus daphne M End U
Kirkaldy, 1902
HOMOPTERA planthoppers
Cicadellidae leafhoppers
Nesophrosyne sp. 1 C End U
Nesophrosyne sp. 2 C End U
Psyllidae
Trioza hawaiiensis M End A in ‘Ohi’a leaf gall
Crawford 1918
Cixiidae
Oliarus sp. 1 M End R 2 on Pleomele
Oliarus sp. 2 M End U 6 at light
Oliarus sp. 3, nr. discrepans C End U at light, possible n. sp.
HYMENOPTERA wasps, bees, ants
Anthophoridae
Xylocopa sonorina carpenter bee C Adv U
F. Smith, 1874
Formicidae ants
Camponotus variegatus carpenter ant AP, M Adv (@) to light
Anoplolepis gracilipes longlegged ant M Adv C many on maua, lama,
(F. Smith, 1857) ‘ohi'a
Pheidole megacephala big-headed ant AP, M | Adv A on soil by lama;

(Fabricius, 1793)

many on kou
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Species Common Name Location Status Frequency Notes
Hymenoptera continued
Colletidae
Hylaeus flavipes (F. Smith) yellow-faced bee M End R by ‘Ohi’a lehua flowers
113,10
Vespidae wasps
Polistes exclamans common paper wasp C, AP, | Adv O widely distributed
Viereck, 1906 LT, M
LEPIDOPTERA butterflies & moths
Anatrachyntis incertulella C Adv R larvae feed on Pandanus
(Walker, 1864) male inflorescence
Hyposmocoma sp. 1 black adult M End ®) at light
Hyposmocoma sp. 2 white thorax, adult M End ) at light
Hyposmocoma sp. 3 M End R at light
Trissodoris honorariella C Adv R cocoon in leaf
(Walsingham 1907)
Crambidae (Pyralidae) micro-moths
Eudonia sp. 1 moss moth M End U at light
Eudonia sp. 2 moss moth C,M End U at light
Mestolobes sp. M End R at light
Omiodes blackburni coconut leafroller C End U larval evidence
(Butler, 1877)
Omiodes continuatalis AP End R at light
(Wallengren, 1860)
Orthomecyna M End R at light
sp. nr. chrysophanes
Orthomecyna exigua exigua M End at light
(Butler, 1879)
Tamsica hyacinthina End C at light
(Meyrick 1899)
Udea sp. 1 M End R at light
Udea sp. 2 M End R at light
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Species Common Name Location Status Frequency Notes
Lepidoptera continued
Geometridae
Macaria abydata Guenee, 1857 M Adv O at light & reared ex.
Senna
Gracillariidae
Caloptilia sp. M Adv R
Philodoria basalis leaf miner M End R at light
Walsingham, 1907

Noctuidae
Agrotis sp. nr. microreas C End R at light

Meyrick, 1899
Ascalapha odorata black witch moth C,LT,M | Adv A at light; in lava tube

(Linnaeus, 1758) openings
Hypocala deflorata M Adv U on lama

(Fabricius, 1793)
Oecophoridae
Ethmia nigroapicella Kou leafworm M Adv A leaf damage, widespread
(Saalmueller, 1880)
Sphingidae
Agrius cingulata (Fabricus, 1775)| sweet potato hornworm C Adv R at light
Hyles calida hawaiiensis Hawaiian sphinx C,M End U at light

(Rothschild & Jordan, 1915)

Hyles lineata white-lined sphinx C Adv U at light

(Fabricus, 1775)
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Species Common Name Location Status Frequency Notes
ODONATA dragonflies; damselflies
Aeshnidae
Anax junius (Drury, 1770) common green darner AP Adv at pond
Coenagrionidae
Megalagrion xanthomelas Orangeblack Hawaiian AP End candidate species for
(Selys-Longchamps, 1876) Damselfly protection End Sp Act
Libellulidae skimmers
Pantala flavescens globe skimmer AP Ind in flight
(Fabricius, 1798)
ORTHOPTERA praying mantis,
grasshoppers, crickets
Gryllidae crickets
Caconemobius anahulu lava cricket C,M End identification under
Otte, 1994 review, possible n. sp.
Cacon%rﬁzl’)%sé Zandw:chens:s beach cricket C End
nyllodgil ;’E;’l?{‘é% . flightless field cricket C.M | Adv on lava
LOCATION:
AP Anchialine Ponds
C Coastline FREQUENCY = occurrence ratings:
LT Lava Tube R Rare seen in only one or perhaps two locations.
M Mauka (northwest corner of property) U Uncommon- seen in several locations
O Occasional seen with regularity
STATUS: C Common observed numerous times
End endemic to Hawaiian Islands A Abundant found in large numbers
Ind indigenous to Hawaiian Islands AA Very abundant  abundant and dominant
Adv adventive
Pur purposefully introduced
? unknown
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Table 2: List of Vertebrates: Kahuku Village, Ka’u, Hawai'i

1987
Species Common Name Location Status Abundance survey Notes
REPTILIA
Squamata
Gekkonidae
Phelsuma madagascariensis Madagascar day gecko M A R near lama, on agave
Scincidae Skinks
Cryptoblepharus poecilopleurus | snake-eyed skink AP A A
(Wiegmann) 1834
AVES
PELECANIFORMES
Fregatidae
Fregata minor palmerstoni ‘lwa or Great Frigatebird C R R coming inland, advancing storm
Phaethontidae
Phaethon lepturus Koa’e kea C R R immature
White-tailed Tropicbird
CHARADRIIFORMES
Charadriidae
Pluvialis fulva Kolea C,M \Y U X
Pacific Golden-Plover
Sternidae
Anous sp. Black or Brown Noddy C R R
Scolopacidae _
Heteroscelus incanus ‘Ulili AP, C \Y U X
Wandering Tattler
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1987
Species Common Name Location Status Abundance survey Notes
(Aves continued)
CICONIIFORMES
Ardeidae
Nycticorax nycticorax ‘Auku’u; Black- AP R ? based on cracked pond snail shells;
crowned Night-Heron theorized by Bruner
COLUMBIFORMES
Columbidae
Geopelia striata Zebra Dove AP, M A C X
Streptopelia chinensis Spotted Dove AP, M A C X
GALLIFORMES
Phasianidae
Francolinus pondicerianus Gray Francolin AP A ) X
PASSERIFORMES
Cardinalidae
Cardinalis cardinalis Northern Cardinal M A U X
Paroatria capitata Yellow-billed Cardinal AP A )
Estrildidae
Lonchura cantans African Silverbill AP A U theorized by Bruner
Fringillidae
Carpodacus mexicanus House Finch M A ) X
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1987
Species Common Name Location Status Abundance survey Notes

(Aves Passeriformes continued)

Sturnidae

Acridotheres tristis Common Myna AP A U X

Zosteropidae

Zosterops japonicus Japanese White-eye M A U X

MAMMALIA

RODENTIA

Muridae

Rattus sp. rat AP A R based on gnawed seeds and
teeth in cat scat; theorized by
Bruner

Mus musculus Linnaeus, 1758 | house mouse C A R based on teeth, fur in cat scat;
theorized by Bruner

Carnivora

Felidae

Felis catus Linnaeus, 1758 domestic cat, feral C A R based on presence of scat

ARTIODACTYLA

Bovidae

Capra hircus Linnaeus, 1758 domestic goat, feral C,M A C X visual, bones, scat, browsing

LOCATION:

AP Anchialine Ponds
C Coastline

M  Mauka (northwest corner of property)

STATUS:

R Resident native species
A Alien introduced species
V  Visitor, breeds elsewhere

to allow comparison to Bruner’s survey, his abundance ratings have been used

ABUNDANCE *

R

u
C
A

x

Rare

Common
Abundant

seen only once during survey.
Uncommon- less than 5 seen on average daily
between 5-10 seen on average daily
more than10 seen on average daily

Seen in 1987 by Bruner
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SPECIAL HABITATS

Lava Tubes on the site

The survey examined a sampling of the lava tubes present within the project
area. Representative tubes were sought from among tubes located in my own
work and in previous archaeological surveys (Haun 1987; Dye pers. com. 2010).

Native lava tube specialist species require a cave long enough to have a dark
zone, moisture, and a food source. Long roots can support herbivorous
members of the ecosystem (Figure 42), which in turn are hunted by the
carnivores. In wetter lava tube communities, the herbivores, the larvae of crane
flies (Limonia sp.), may eat slime covering large portions of the wall surface and
leave characteristic trails (Figure 43). (Howarth 1973)

At Kahuku Village | found tubes had both low moisture and no overhead plants
with roots descending to reach into the lava tubes. These lava tubes generally
have multiple skylights and a very short dark zone or none at all (Figure 44). The
surveyed tubes showed no evidence of slime (Figure 45). These results are
similar to those observed by recent archaeological surveyors (Komori pers. com.
2010), and by cave mappers (Bosted pers. com.). None of the lava tubes
located proved suitable for baiting.

No cave-adapted invertebrate species were seen. The most common arthropod
encountered in the sample of lava tubes surveyed was the adventive American
cockroach (Periplaneta americana). The Black witch moth (Ascalapha odorata)
(see pg. 33), uses the lava tubes for daytime shelter, just as they shelter under
roof eaves in the city. Goat droppings were frequently seen in the tubes with
larger entrances.
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Figure 43. To support a thriving lava tube ecosystem a cavern needs a long
dark zone and a large number of long and healthy roots penetrating from

Figure 44. In wetter lava tubes that support healthy ecosystems, large
portions of the surface may be covered with a slime, on which the larvae of
crane flies (Limonia sp.) leave characteristic trails. © near volcano Feb 2008
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=1

Figure 45. Frequent skylights or openings to the outside in the Nani Kahuku lave tube system,
make the tubes too dry and too bright for a healthy dark-adapted cave ecosystem.

Figure 46. Typical view inside a Nani Kahuku lava tube. Inhospitable to cave adapted
invertebrates, with no roots penetrating, and no slime coating.
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SPECIES NOT OBSERVED ON THE SITE

INVERTEBRATES

Alien predatory ants are a major cause of low numbers of native arthropods.
The bigheaded ant (Pheidole megacephala), longlegged ant (Anoplolepis
gracilipes), and carpenter ant (Camponotus variegatus), which prey on other
insects (Zimmerman 1948-80), are present on the property. They were often
noted patrolling native plants such as '0hi’a lehua, documented as host to a long
list of native invertebrates. Ants are well documented as a primary cause of low
levels of native arthropods at elevations up to 2000 ft. (Perkins 1913). On all
nights, during light censusing, ants quickly appeared and began attacking the
resting moths and smaller insects at my light*. Ant populations often do not
overlap. Rather they have separate territories, effectively apportioning the
hunting grounds between themselves, offering few, if any, ant-free zones where
native arthropods can thrive.

"= S
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"

Figure 47. Big-headed ants appeared each night attracted to my light survey. Their hunting
technique is to overpower prey in large numbers, dismember the insect, carrying off parts to the
nest. The group on the right is guarded by a soldier (larger, far left).

* Native insects were quickly rescued. The two aliens in Figure were used to illustrate
what happens in nature.
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Not observed on the site: Invertebrates (continued)

ARTHROPODA

INSECTA

Diptera: Drosophilidae: Drosophila Picture-winged flies

The location does not provide appropriate habitat for any of the 12 native
Drosophila species recently listed as endangered or threatened and none were
observed. (USFWS 20063, b).

Lepidoptera: Sphingidae

Manduca blackburni Blackburn’s sphinx moth
Blackburn’s sphinx moth (Manduca blackburni),
(Figure 47) an endangered species (Fed Reg
1999-2000) which favors leeward slopes, was
not found in this survey. The moth’s
solanaceous native host plant, ‘aiea
(Nothocestrum sp.), and best alien host, tree
tobacco (Nicotiana glauca), were not observed
on the property in my own survey, or on a prior
botanical survey (Char 1987), nor the most
recent botanical survey (LeGrande 2010 pers.
com.). Intact, uneaten Nicotiana tabacum was
seen once in my survey. Although Capparis
sandwichiana, a nectar plant favored by the
adult moth, was reported by Char (1987), the
plant was not encountered in my surveying.

© Figure 48. Blackburn’s sphinx
moth is distinguished from other
hawk moths by orange markings.

Although the original Recovery Plan (USFWS
2005b) for this large sphinx moth proposed two
small management areas in North Kona, Hawar'i, the Final Rule (USFWS 2003)
designated habitat only at the more inland location, Pu'uwa’awa’a. Neither
originally proposed location was near the survey site.
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Not observed on the Site: (continued)

VERTEBRATES
AVES
Bruner's 1987 survey observed 5 species of note not seen by this survey:
¢ ‘lo, Hawaiian Hawk (Buteo solitarius), native
e Barn Owl (Tyto alba), alien
e Pueo, Short-eared Owl (Asio flammeus sandwichensis), native
e Hawai’i 'Amakihi (Hemignathus virens), native
e ‘Apapane (Himatione sanguinea), native

’Amakihi and ‘Apapane require extensive upland forest habitat not included in the
current project footprint. Bruner reported these birds in the uplands, near the
Kahuku Ranch property. It is possible individual birds might rarely visit the
mauka area of this survey when ‘Ohi’a flowers are in bloom and providing nectar.
Although some flowers were blooming, and a careful watch was kept, no birds
were seen.

‘lo can use forested and open habitats, but require more extensive vegetation to
support a higher abundance of prey than the project area presents. Pueo and
Barn owls also use open habitats, but are more often associated with agricultural
or forested habitat and a prey density not observed in this survey. Additionally,
this survey did not observe any owl pellets in locations where pellets have been
seen in other surveys (e.g., lava tubes entrances).

Both ‘lo and the owls were reported by Bruner (1987) from upland areas and
closer to the Kahuku Ranch and from reports of the Ranch manager.

Birds not seen by Bruner or this survey, but which may use the property:
e ‘Ua’u or Hawaiian or Dark-Rumped Petrel (Pterodroma sandwichensis)
e ‘Ake’ake or Band-rumped Storm-Petrel (Oceanodroma castro)

‘Ua’u, a federally endangered seabird, nests inland to breed on the upper slopes
of Mauna Loa inside Hawaii Volcanoes National Park, far above the project area.
Less is known about the nesting of ‘Ake’ake, listed as endangered by the state
and a candidate for federal endangered status (USFW 2010a). Both birds only
would be present on Hawai'’i Island during an April to November nesting season.
Neither bird was observed by Bruner (1987) whose survey did take place in April,
nor were they among the birds he believed “could potentially occur on the
property.” Petrels can be detected by calls in flight, but some birds may not call
and presence is best detected by radar (Swift & Burt-Toland 2009), which Bruner
did not use. Nevertheless, adults and young, whose flights take place at night,
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Not observed on the Site: (continued)

may transit over the property on their way to the sea. It is prudent to act as if
they might be present occasionally in small numbers over the project area. (See
Recommendations)

‘Ae’o or Hawaiian Stilt (Himantopus mexicanus knudseni) is known to use
anchialine pond habitat in other areas of Hawai’i Island. Although not seen by
this survey, the pond habitat is suitable for them. Bruner listed this bird among
those he had not observed, but believed “could potentially occur on the property.”
(1987) It is prudent to act as if stilts, listed as endangered by the state, might be
present occasionally in small numbers at the ponds. (See Recommendations)

MAMMALIA
Carnivora: Canidae: Canis familiaris Feral Dog
Neither Bruner (1987) nor this survey noted any feral dogs on the property.

Chiroptera: Vespertilionidae: Lasiurus cinereus semotus (H. Allen, 1890)
Hawaiian Hoary Bat

1-hour bat searches were conducted at dusk January 3 and 4, and at dawn on
January 4 and 5, 2011. Additionally, although both the botanical and invertebrate
teams were alert for bat sightings in December 3-12, 2010 field work, neither
team sighted the animal. Previously, both teams often have observed bats in
flight elsewhere.

Bruner (1987) did not see the bat, but states it “has been reported in the area.” It
should be noted Bruner's survey covered a much larger acreage, including a
large forested kipuka in the mauka section of the property closer to the Kahuku
Ranch entrance. Tracking Bruner’s statement shows one source is the Kahuku
Ranch manager reporting on ranch lands. Also cited is a letter by E. Kosaka,
Office of Environmental Services USFWS. Kosaka quotes S. Gon, lll: “Hawaiian
bats have been observed within this coastal region." Dr. Gon (2011 pers. com.)
recalls no specific viewing of the bat on the Kahuku Village property and believes
his comment referred to the entire Ka’u coastline.

Although the native bat may overfly the property or occasionally feed there, the
portions of the site now considered for development do not provide appropriate
habitat for roosting. Bruner notes strong winds (encountered during this survey
as well) may make foraging for prey impractical for bats at this location.
However, this survey shows a high number of insects blown onto the property
(e.g., black witch moths) making a large potential bat food supply. (See
Recommendations)
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Not observed on the Site: Vertebrates

Carnivora: Viverridae: Herpestes auropunctatus auropunctatus (Hodgson, 1836)
Small Indian mongoose

Although surveyors were alert for their presence in both December 2010, and
January 2011, mongoose were not observed. They were reported by Bruner
(1987) in the upper portions of the property. Together with a lack of continuous
human generated food sources, this may be a reason for their absence from my
survey.

Artiodactyla: Suidae: Sus scrofa scrofa Linnaeus, 1758 Feral Pig

Feral pigs, common in the Hawaiian Islands, were not observed during the
survey. The area may be too dry and the lava fields do not provide sufficient
food sources (e.g., earth worms, soft fruits). Bruner (1987) reported seeing no
individuals, but did see remains. Again, Bruner's survey covered a wider area
than this survey and may have been conducted during a wetter year when food
sources were more plentiful. A freshly butchered pig carcass was found dumped
in the upper portion of the property along a roadside during the January 2011
survey. It is possible the remains noted by Bruner (1987) were the result of a
similar, but aged dump.

MEDICALLY IMPORTANT SPECIES ON THE SITE

Invertebrates:

Although not seen during the survey, the
larger Kahuku Village project area includes
some classic habitat for centipedes,
scorpions, and widow spiders. Common
paper wasps (Polistes exclamans) (Figure
48) were seen on the property.

Those entering the property should be alert |

for these species as they may pose a
serious risk to some individuals, and
supervisors should be aware of any

© Figure 49. Paper wasp

employee allergies. Some individuals can
experience anaphylactic reactions to venom. Before entering lava tubes, inspect
overhangs for wasp nests. Never put hands where eyes cannot see. When
moving stones or piled brush workers can greatly reduce the risk of accidental
contact and bites or stings with all species noted here with clothing.
Recommended are the use of gloves and wearing long sleeved shirt, long pants,
boots with socks pulled up over pant cuffs.
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Medically Important: (continued)

Two types of mosquitoes, Aedes albopictus and Culex quinquefasciatus, were
seen in small amounts of water created in trash. Both species are widespread in
the islands and known to be vectors of disease for humans (A. albopictus,
dengue) and birds (C. quinquefasciatus, bird malaria) (Goff & vanRiper 1980).
Care should be taken during construction and in design of new facilities not to
create standing water without control agents. In the anchialine ponds the many
native creatures control any mosquito eggs laid there.

Please see What Bit Me? (Nishida & Tenorio 1993) and What’s Bugging Me?
(Tenorio & Nishida 1995).

Vertebrates:

Evidence of rats was observed on the property. Rats have a long history as a
danger to human health. They are documented as attacking nesting birds
(Tomich 1986) and damage the seeds of native plants reducing natural
replacement of mature plants. Care should be taken during the construction
phase not to provide conditions that will lead to an increase in rat populations.
(see “Recommendations”)

POTENTIAL IMPACTS

Potential Impacts on Native, Rare, Federally or State Listed Species

No federally or state listed endangered or threatened invertebrate species were
noted in this survey (USFWS 2010b).

Actions related to the anchialine ponds should be specifically assessed as
project plans are finalized. The ponds support and affect all other wildlife within
the project area and are extremely fragile.

It should be remembered that the Endangered Species Act is not the only law
affecting wildlife. All birds, native and introduced, are protected by state law to
varying degrees (HAR). All native birds and most introduced birds are protected
by the federal Migratory Bird Treaty Act (USC), for example. Any action affecting
birds or their habitat should involve consultation with state and federal wildlife
officials.
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RECOMMENDATIONS

Prevent habitat degradation:

Fulfilment of the plan to preserve some archaeological sites and parts of the
beach habitat should assist native birds and invertebrate species, including any
cave adapted species which may be present in lava tubes not seen in this
survey.

We concur with LeGrande’s recommendations (2011) for removal of selected
alien plants in and around the pond and beach areas. Fountain grass especially
is known to assist in the spread of fire and can crowd out other species quickly.
Removal of aliens can assist native plants — hosts to invertebrates, food source
for native birds - in filling their natural habitat niches. Additionally, it is important
to prevent establishment of new competitive plant or predatory alien invertebrate
species during any building activities (see below).

We concur with LeGrande’s recommendation (2011) to fence out goats in the
Lama forest in the mauka portion to allow recovery of gnawed flora. In
coordination with alien plant removal, the exclusion of goats can be very helpful
in encouraging native plants and the zoological resources which depend on
them. Goats contribute to plant deaths, resulting in open soil. In areas such as
Ka’'l, where rains come only very sporadically, erosion from flash run-off can
seriously affect off-shore water quality or despoil anchialine ponds with silt. We
also agree with LeGrande’s recommendation (2011) to implement a goat hunting
program to greatly reduce numbers, with special concentration on those in the
area around the ponds.

A Best Practices Management Plan for construction should be written and
implemented specifying methods and controls for the entire construction zone to
prevent or minimize runoff, spills, and impact on the makai coastal habitats and
anchialine ponds as well as archaeological sites. Establish construction staging
areas and storage of materials well away from the most fragile sites.

Invasive species, alien to a Hawaiian ecosystem, can do terrible damage to
native invertebrates and reduce native plant pollinators, and food resources for
native birds (see Figure 46 above). Two factors influence establishment of alien
species which prey on and compete with native species: access and regular food
sources. Soil packed in tires, on helicopter runners, or workers’ boots can
transport seeds and insect or snail eggs. Ants, snails and slugs, and many other
invertebrates can hide in boxes or equipment resting at one location and later be
carried to Kahuku Village.
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Recommendations: (continued)

To prevent establishment of alien species:

Inspect construction materials for hitchhiking seeds or animals. When
establishing landscape plantings after construction, care should be taken to
prevent alien plant or animal species from being introduced on the plantings,
associated soil, or pots.

Clean tools, boots, and equipment used at other projects to minimize the
chance of transporting new pest plants or animals to the area.

Remove trash regularly. Predatory invertebrate species such as ants
easily establish in areas where food trash is consistently available. Food trash
during construction can attract and / or increase mongoose, cat, and rat
populations as well, resulting in predation on birds and native seeds. Provide
trash cans at construction areas where food is consumed, keep cans covered,
and empty them frequently. Importantly, construction supervisors need to
establish a culture of using the receptacles.

Restrict food sources: Do not allow employees or others to feed cats or
encourage cat colonies. In addition to attracting cats, this will feed rats and mice.

Restrict animal access: Do not allow employees or others to bring pet
dogs or cats to the work site. Even well behaved animals can escape a leash
and fail to return on command. Dogs will harass and kill birds and turtles.

Shield external lighting:

During construction and in the finished project and roadways, it will be important
to plan to shield outdoor lighting. Unshielded lighting is well-known for confusing,
exhausting, and stranding sea birds and turtles making them vulnerable to
predators. Additionally, artificial lighting is attractive and confusing to many
arthropods (see Methods page 7), concentrating them as easy prey for feeding
bats at night. Insects attracted to lights at night often remain in place at dawn
and are easily seen and consumed by birds. Additionally, the Hawaii County
Code § 14 — 50 et seq. requires shielding exterior lights, to reduce glare
interference for the astronomical observatories located on Mauna Kea.

Landscape with native dryland plants for lower cost maintenance:

We concur with the advice of Char (1987) and LeGrande (2011) to revegetate
public and common areas with native dryland adapted plants. The plantings will
provide educational, visual, and aesthetic benefits to residents while conserving
water. Native plants would provide habitat for native arthropods, while creating
interesting areas for walking, cultural learning, nature study, and bird watching.
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Recommendations: (continued)

Given the project area climate, native plants are both practical and appropriate.
Using dryland plants to landscape can lower long-term watering costs and water
draws. Planted in a mix of ground cover, shrub, and tree heights, native plants
will slow run off and retain moisture when rains do come. Native plants will
remain green and more fire resistant throughout dry periods. Most native
plantings have lower maintenance costs as well. Native species need less
hedge trimming, weed whacking, and usually grow well without fertilizers,
reducing cost and the potential for non-point pollution potential for the ocean and
anchialine ponds. Native invertebrates will find this refuge over time. Native
birds will obtain food from fruits and seeds.

Home buyers could be given guidance on xeriscaping with restrictions being
considered as part of covenants or homeowner association rules. Several
southwestern U. S. continental cities have long enforced water / yard planting
restrictions due to water concerns. Their experiences may prove helpful in
planning.

Resources helpful in understanding Hawaiian plants in an urban setting include
Native Hawaiian Plants for Landscaping, Conservation, and Reforestation
(Bornhorst & Rauch 1994) and Growing Native Hawaiian Plants (Bornhorst
2005). By prior arrangement with growers, native Hawaiian plants can be as
convenient to mass plant as the introduced plants commonly used to re-vegetate
after new construction. Plants grown from seeds gathered from Kahuku plants
would be especially well adapted to local conditions.

Community Education:

The best defense any fragile ecosystem can have is an informed public.
Providing defined pathways would reduce trampling of plants and disturbance of
wildlife. Providing signage and partnering with community environmental groups
to provide information and guidance about enjoying preserved beach side areas,
archaeological, and natural features, would make preservation more effective. A
good start has been made with the Turtle sightings program.
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STANDARD NOMENCLATURE
Bird names
English and scientific follow Checklist of the Birds of Hawaii. (Hawaii
Audubon Society 2002, 2005)
Hawaiian names follow Pukui & Elbert (1986).
Invertebrate names follow
Freshwater & Terrestrial Mollusk Checklist (HBS 2002b)
Common Names of Insects & Related Organisms (HES 1990)
Hawaiian Terrestrial Arthropod Checklist (HBS2002a; Nishida 2002)
Mammal names follow Mammals in Hawai’i (Tomich 1986) and Hawaiian

Mammal Checklist (HBS 2002d)
Place name spelling follows Place Names of Hawai’i (Pukui et al. 1976) and
Hawai’i Place Names: Shores, Beaches, and Surf Sites (Clark 2002)

Plant names follow
Manual of the Flowering Plants of Hawai’i (Wagner et al. 1999)
A Tropical Garden Flora (Staples and Herbst 2005)
Reptile and Amphibian names follow Hawaiian Reptile & Amphibian Checklist

(HBS 2002c)
ABBREVIATIONS
DLNR Department of Land and Natural Resources, State of Hawali'i
DOFAW Division of Forestry and Wildlife, State of Hawai'i
EISPN Environmental Impact Statement Preparation Notice
ft feet
HBS Hawai’i Biological Survey
m meter
Mv Mercury Vapor
n. new
sp. species
spp.- more than one species
TMK Tax Map Key
UH University of Hawai'i
USFWS United States Fish and Wildlife Service
uv Ultraviolet
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GLOSSARY®

Adventive: organisms introduced to an area but not purposefully.

Alien: occurring in the locality it occupies ONLY with human assistance,
accidental or purposeful; not native. Both Polynesian introductions (e.g.,
coconut) and post-1778 introductions (e.g., guava, goats, and sheep) are
aliens.

Arthropod: insects and related invertebrates (e.g., spiders) having an external
skeleton and jointed legs.

Aspiration: invertebrates are transferred from the original location (leaf, net,
etc.) into a large vial. Two tubes are lodged in one stopper in the vial. Air
drawn in on one tube, creates suction at the end of the second tube; the
target insect is drawn into the vial by the pulling air.

Endemic: naturally occurring, without human transport, ONLY in the locality
occupied. Hawaii has a high percentage of endemic plants and animals,
some in very small microenvironments.

Indigenous: naturally occurring without human assistance in the locality it
occupies; may also occur elsewhere, including outside the Hawaiian
Islands. (e.g., Naupaka kahakai (Scaevola sericea) is the same plant in
Hawai’i and throughout the Pacific).

Insects: arthropods with six legs, and bodies in 3 sections

Invertebrates: animals without backbones (insects, spiders, snails / slugs,
shrimp)

Kipuka: an area of vegetation surrounded by younger lava flows

Larva/larval: an immature stage of development in offspring of many types of
animals.

Makai: toward the ocean

Mauka: toward the mountains

Midden: human food refuse in an archaeological setting, often in a heap or pile

Mollusk: invertebrates in the phylum Mollusca. Common representatives are
snails, slugs, mussels, clams, oysters, squids, and octopuses.

Native: organism that originated in area where it lives without human assistance.
May be indigenous or endemic.

Naturalized: an alien organism that, with time, yet without further human
assisted releases or plantings, has become established in an area to which
it is not native.

Nocturnal: active or most apparent at night.

5 Glossary based largely on definitions in Biological Science: An Ecological Approach,
7" ed., Kendall/Hunt Publishing Co., Dubugque, a high school text; on the glossary in
Manual of Flowering Plants of Hawai’i, Vol.2, Wagner, et al., 1999, Bishop Museum
Press, and other sources.
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Glossary: cont.

Pupa: the stage between larva and adult in insects with complete
metamorphosis, a non-feeding and inactive stage often inside a case
Purposefully introduced: an organism brought into an area for a specific

purpose, for example, as a biological control agent.

Rare: threatened by environmental factors and in low humbers.

Species: all individuals and populations of a particular type of organism,
maintained by biological mechanisms that result in their breeding mostly
with their kind.

Vertebrates: animals with backbones (birds, mammals, reptiles)

Waxing: describes a gradual increase in the amount of the moon‘s disk that is
visible
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Introduction

At the request of Tom Witten, President PBR Hawaii & Associates, Inc., Helen Wong Smith, MLIS, CA,
conducted a detailed study of documentary literature and oral history interviews for lands of Kahuku,
Ka‘l for their client Nani Kahuku ‘Aina, LLC. While the primary lands of interest to the present study are
the ma kai section of the ahupua‘a of Kahuku, its unique configuration of reaching the summit of
Moku’aweoweo prompted the inclusion of adjoining ahupua‘a. This report is intended to accompany an
Environmental Impact Statement compliant with Chapter 343 HRS, as well as fulfilling the requirements
of the County of Hawai’i Planning Department and the Department of Land and Natural Resources
(DLNR) with respect to permit approvals for land-altering and development activities. This study has
been prepared pursuant to Act 50, approved by the Governor on April 26, 2000; and in accordance with
the Office of Environmental Quality Control (OEQC) Guidelines for Assessing Cultural Impact, adopted by
the Environmental Council, State of Hawai'i on November 19, 1997.

The archival-historical research and oral-historical interviews that were conducted were performed in a
manner consistent with Federal and state laws and guidelines for such studies. Among the pertinent
laws and guidelines are the National Historic Preservation Act of 1966, as amended (36 CRF Part 800);
the Advisory Council on Historic Preservation’s (ACHP) “Guidelines for Consideration of Traditional
Cultural Values in Historic Preservation Review” (ACHP 1985); National Register Bulletin 38, “Guidelines
for Evaluation and Documenting Traditional Cultural Properties” (Parker and King 1990); the Hawai’i
State Historic Preservation Statue (Chapter 6E), which affords protection to historic sites, including
traditional cultural properties of on-going cultural significance; the criteria, standards, and guidelines
currently utilized by the Department of Land and Natural Resources — State Historic Preservation
Division (DLNR-SHPD) for the evaluation and documentation of cultural sites (cf. 13§13-275-8; 276-5);
and the November 1997 guidelines for cultural impact assessment studies, adopted by the Office of
Environmental Quality Control.

In Section 1 of Act 50, enacted by the Legislature of the State of Hawai'i (2000) with House Bill 2895, it is
stated:

...there is a need to clarify that the preparation of environmental assessments or environmental
impact statements should identify and address effects of Hawaii’s culture, and traditional and
customary rights...l

Act 50 also requires state agencies and other developers to assess the effects of proposed land use or
shoreline developments on the “cultural practices of the community and State” as part of the HRS
Chapter 343 environmental review process (2001).

' H.B. NO. 2895
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The purpose of a Cultural Impact Assessment (CIA) is to identify the possibility of cultural activities and
resources within a project area, or its vicinity, and then assessing the potential for impacts on these
cultural resources. The CIA is not intended to be a document of in depth archival-historical land research
or a record of oral family histories unless these records contain information about specific cultural
resources that might be impacted by a proposed project.

According to the guidelines for the above cited Guidelines for Assessing Cultural Impacts established by
the Hawai'i State Office of Environmental Quality Control:

The types of cultural practices and beliefs subject to assessment may include subsistence,
commercial, residential, agricultural, access-related, recreational, and religions and spiritual
customs. The types of cultural resources subject to assessment may include traditional cultural
properties or other types of historic sites, both manmade and natural, which support such cultural
beliefs.”

The meaning of “traditional” was explained in National Register Bulletin:

Traditional in this context refers to those beliefs, customs, and practices of a living community of
people that have been passed down through the generations, usually orally or through practice.
The traditional cultural significance of a historic property then is significance derived from the role
the property plays in a community’s historical rooted beliefs, customs, and practices...2

While the subject parcel is limited ma kai of the Mamalahoa Highway extending to the shoreline, in an
effort to provide a comprehensive and holistic understanding of the current study area, this report
examines the entire ahupua‘a and its relationship to neighboring lands within this portion of the Ka‘l
district aligning with the ACHP Guidelines advocacy to study the cultural resources and practices on a
broader geographic area such as a region or district. Archival-historical literature from both Hawaiian
and English language sources were reviewed, including an examination of Hawaiian Land Commission
Award records from the Mahele (Land Division) of 1848; survey records of the Kingdom and Territory of
Hawai‘i; and historical texts authored by David Malo, Samuel Kamakau, Rev. William Ellis, Stokes,
Marion Kelly, Dorothy Barrere, and Handy and Handy with Puku’i. The current study includes historical
narratives authored by eighteenth and nineteenth century visitors to the region who viewed firsthand
the impact of lava flows and earthquakes.

Over the last twenty-five years, the author had researched and prepared several land-based studies,
first as an assistant to Marion Kelly, anthropologist at the Bernice Pauahi Bishop Museum in the 1980s,
and later for Historical Documentary Research include in archaeological reports, commencing with her
employ with Paul H. Rosendahl, Inc. the archaeologist who surveyed the subject parcel in 1987. The
author’s work has included the review Hawaiian language newspapers, historical accounts recorded by
Hawaiian and non-Hawaiian residents, and government land use records, with a focus on unpublished
manuscript collections. Currently the archivist at the Hawai'i Volcanoes National Park, the owners of the

? Parker and King 1990:1
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remainder of Kahuku ahupuaa, the author was privy to documents pertinent and people familiar with
Kahuku. Great care was made to assure only public documents were sought and included in this report.

Scope of Work
The scope for the cultural impact assessment includes:

1. Examination of historical documents, Land Commission Awards, and historic maps with specific
purpose of identifying Hawaiian activities including gathering of plant, animal and other
resources or agricultural pursuits as may be indicated in the historic record.

2. Areview of the existing archaeological information pertaining to the sites on the property as
they may allow reconstruction of traditional land use activities and identify and describe the
cultural resources, practices and beliefs associated with the parcel and identify present uses, if
appropriate.

3. Conduct oral interview with persons knowledgeable about the historic and traditional practices
in the project area and region.

4. Preparation of a report on items 1-3 summarizing the information gathered related to
traditional practices and land use. The report will assess the impact of the proposed project on
the cultural practices and features identified.

Methodology

This Cultural Impact Assessment was prepared in accordance with the suggested methodology and
content protocol in the Guidelines for Assessing Cultural Impacts (OEQC 1997). In outlining the “Cultural
Impact Assessment Methodology,” the OEQC states that:

..Information may be obtained through scoping, community meetings, ethnographic interviews
and oral histories... (1997)

Documentary Resources

While historical documentary research and oral history interviews have been conducted for the subject
area, this report sought to uncover previously unexamined resources to supplement the existing
knowledge base. As a result the documentation herein brings a wide range of historical references
(though not exhaustive) into one manuscript, with written accounts dating from the 1779 and oral
historical accounts dating from the 1950s. This study offer readers a detailed overview of native
traditions of the land, traditional and historic residency, travel and use of resources in the Kahuku-

Manuka region.

Literature

The documentation from historical literature, was researched in the collections of the Hawai'i State
Archives; State Survey Division; Bureau of Conveyances; Bernice Pauahi Bishop Museum; the Hawaiian
Mission Children’s Society Library; the University of Hawai'i-Manoa, Hamilton Library, University of
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Hawai'i-Hilo, Mookini® Library; the Hawai‘i Volcanoes National Park Library and Archives, and the private
collection of Frank “Sandy” Sinclair, a descendant of Captain Robert Brown.

While not claiming to be an exhaustive study this document includes references previously not cited.
Among the historical resources cited, are — land documents recorded by native residents from the
Mahele (Land Division of 1848-1850; records of the Bureau of Conveyances; testimonies and records of
the Boundary Commission (1861 to 1918); and writings of several Hawaiian scholars and non-native
historians. Unpublished surveys and notes by Bernice Pauahi Bishop Museum archaeological staff were
reviewed with excerpts presented in this report.

These include legendary accounts of native and early foreign writers; early historical journals and
narratives; historic maps and land records such as Land Commission Awards, Royal Patent Grants, and
Boundary Commission records; historic accounts; and previous archaeological project notes and reports.
Historical documents, maps, and existing archaeological information pertaining to the sites in the
vicinity of this project were researched at the library of the Hilo Office of the State Historic Preservation
Division, and the previously cited repositories.

When quoting directly from text, i.e. translations of land commission award testimonies, Hawaiian
didactical marks were not imposed reflecting the absence or partial diacritics of the supplied by the
original author.

Interview Methodology

Interviews were conducted in accordance with Federal and State laws, and guidelines, when
knowledgeable individuals are able to identify cultural practices in, or in close proximity to the project
area. The Office of Hawaiian Affairs, Ka'a Hawaiian Civic Club, and the Hawai'i Volcanoes National Park
were contacted and visited to identify potentially knowledgeable individuals with cultural expertise
and/or knowledge of the study area and the surrounding vicinity. The names for potential community
contacts were also provided by Vern Yamanaka, property manager for over twenty years and Virginia
Goldstein, former Hawai'i County Planning Director, and Alan Walker, Supervisory Archaeologist of the
1987 archaeological reconnaissance survey of the project area. Ross Cordy, PhD who reviewed the 1987
said survey in his position of Archaeologist of the State Historic Preservation Division was contacted but
did not respond. Due to the Environmental Impact Statement submitted by Belt Collins and Associates
in 1987 and the oral history interviews conducted in 2006, individuals not previously interviewed were
sought for this study. It should be stressed that this process does not include ethnographic interviews or
oral histories as described in the OEQC’s Guidelines for Assessing Cultural Impacts (1997). The
assessments are intended to identify potential impacts to ongoing cultural practices or resources within
the project area or in its close vicinity.

The oral history interviews compiled for this report reflect the recollections and thought of several
native families with generational ties to Ka‘l and former employees of Kahuku Ranch, the longest

3 Respecting the wishes of Edwin Mookini’s widow Esther an ‘okina is not written in his name.
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historical land use. The interviews demonstrate a loss of continuity of traditional Hawaiian practices by
the larger Hawaiian community, then say, Miloi‘i in South Kona due to the continued private ownership
of the project area which limited public access. An interview with a descendant of Captain John Brown,
Frank “Sandy” Sinclair, of Olympia Washington was conducted on behalf of the Hawai'i Volcanoes
National Park, the owners of the remainder of Kahuku in 2010.

Overview of the Cultural Historical Landscape

Natural and Cultural Resources

While ahupua’a are predominately characterized as long narrow strips of land extending from the
mountain (customarily a mile or two into the forest zone) to the sea, there are exceptions. Kahuku also
includes the southern portion of Moku’aweoweo crater at the top of Mauna Loa and the mountain’s
entire southern flank down to an irregular boundary at an elevation between 5,000 and 6,000 feet,
which defines the inland boundary for most of the ahupua’a in Ka‘l. Lyons explains these inland
extensions of territory are geographic reflections of rights possessed by the residents of that land to
particular resources®.

Land use in Kahuku prior to the devastation of the successive lava flows of 1868, 1887, 1907 and 1950 is
found in Native Planters in Old Hawaii: their life, lore, and environment:

KAHUKU

Kahuku, a very large ahupua‘a which for many years has been a ranch, is just beyond the
southwest shoulder of Mauna Loa. Over these heights the moisture-laden trade winds, having
traversed the wet uplands and forested interior of eastern Ka‘u, Hilo, and Hamakua Districts,
spread a great roll of cool clouds. These masses of cool water vapor expand and precipitate as
rain when they meet the air that rises morning to evening from the ocean, warmed in its passage
over the dry lower plains of Kahuku, Manuka, and neighboring Kona. Warmed trade winds also
blow in over the southeast coast and Ka Lae, crossing the high rolling plains of Kama‘oa and
Pakini, there precipitating much moisture as dew where it meets the cooled air blanketing the
uplands. Actually, during the months of March through November, the blanket of cool moist air
moving over the upland flank of Mauna Loa, and the warm damp flood of wind diverted inland
and overland by the high plains of Kama‘oa and Pakini, are nothing more nor less than vast
eddies of the great southeastward flow of arctic air, which is warmed as it passes over the ocean
in these latitudes. These we term the “trades”— the winds so named because the “traders”
(sailing vessels) utilized their regular flow from March through November in their voyages. In the
season of southerly (kona) cyclonic storms, the wind and rain [page 560] came in upon western
Ka‘u from oceanward in more violent gusts, sometimes sweeping in with great force. These kona
storms originate in the equatorial regions, hence their warm winds are heavily laden with
moisture. Coming upon the cool uplands their heavy black clouds produce electric storms, with
thunder and lightning, and downpours starting with light gentle rain (hilina), which gradually

* Kelly 1969:44
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increase into deluges, at times veritable cloudbursts. These winter storms drench the whole land,
which, whether dry lava, grassland, or forest, soaks it up greedily, and in the uplands stores it
beneath the forests’.

Continuing our journey into Ka'u, going southeastward, the next ahupuaa after Manuka is
Kahuku. Until the land was covered by lava through much of the verdant lower forest area in the
last century, this must have been a far more favorable area for human occupation than was
Manuka. The evidence of such occupation have, however, been obliterated. Where lava has not
covered the land, the pastures of Kahuku Ranch have done so. The seacoast of Kahuku is a barren
as any on this side of Hawaii.

Standing on top of a hillock named Pu'u Lohena on the east of Pakini and looking north across the
1868 flow, one can see beyond lava-covered land to where there was an open sandy area of
Ka’iliki’i between two sections of the 1868 flows. Ka’iliki’i was in 1823 described by Ellis as “a
populous shore village.” The open ground led directly north toward Kahuku from the beach at
Ka’iliki’i, where travelers from Kona often landed. We could see how their path would have
crossed an older flow that was there before the 1868 flow, as they headed for a break in the pali.
This is a low dip in the ridge called Lua Puali.

In its lower reaches Kahuku is said formerly to have had flourishing gardens of sweet potato and
sugar cane on the land now covered with lava. If so, and we have no reason to doubt the veracity
of informants, there must have been underground water here. Surface verdure, also, may have
drawn more cloud and dew. There probably was more rain coming across from Pakini when the
plains east of the Pali-Mamalu and Pali Kulani (the great cliff that borders Kahuku on the east)
were more verdant and covered with brush. The bare lava of the recent flows, and the now dry
plains of Pakini, Kama'oa, and Ka'alu'alu must desiccate the winds which, sweeping along the
coast line, normally throw up a cloud of cooled air that is moisture laden when the trade winds
blow.

There is no similar drift of moisture over the naked shores of Kahuku and Manuka. Yet these
coasts, barren as they are today, must have sufficed as good fishing grounds for the population
settled in the two western ahupua‘a of Ka’a. Wai-o-‘Ahu-kini close by, with its spring, pond, and
canoe haven, and the best fishing ground in all Hawaii, was awarded in the ancient land
allotment to Pakini, then one of the most verdant of the plains areas of cultivation. Doubtless it
was Pakini’s numerous population, which gave its ali‘i power, that was responsible for this
award®.

Hawaiian Land Use and Resource Management Practices

Over generations, the ancient Hawaiians developed a sophisticated system of land and resources
management. By the time "Umi-a-Liloa ruled the island, ca. 1525 the island (moku-puni) was divided into
six districts (moku-o-loko)’. The moku-o-loko was further divided into political regions and manageable
units of land. These smaller divisions or units of land were tended to by the maka‘ainana (people of the

> Handy et al., 1972:561
® Handy 1972:571-572
’ Fornander 1973-Vol. 11:100-102
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land)®. Of all the land divisions, perhaps the most significant management unit throughout the islands
was the ahupua‘a. Ahupua‘a are subdivisions of land that were usually marked by altars with images or
representations of a pig placed upon them, thus the name ahu-pua‘a or pig altar. In their configuration,
the ahupua‘a may be compared to wedge-shaped pieces of land that generally radiate out from the
center of the island, extending to the ocean fisheries fronting the land units. Their boundaries are
generally defined by topographic and geological features such as pu‘u (hills), ridges, gullies, valleys,
craters, or areas of a particular vegetation growth®.

Under the Hawaiian system of land-use rights the people living within each ahupua‘a had access to all
the necessities for subsistence life-style. The system guaranteed its tenants a degree of economic
independence, their needs being supplied by products of the forest, cultivated crops, and marine
resources. As Lyons wrote: Hawaiian life vibrated from uka, mountain, whence wood, kapa for clothing,
olona for fish line, ti-leaf for wrapping paper, ‘ie for rattan lashing, wild birds for food, to the kai, sea,
whence i’g, fish, and all came connected therewith™.

Maly explains the sub-divisions within the ahupua‘a and the political structure of the activities within:

The ahupua‘a were also divided into smaller manageable parcels of land—such as the ‘ili, ko‘ele,
mahina ‘ai, mala, and kthapai—that generally run in a mauka-makai orientation, and are often
marked by stone wall (boundary) alignments. In these smaller land parcels the maka‘ainana
cultivated crops necessary to sustain their families, and supplied the needs of the chiefly
communities they were associated with. As long as sufficient tribute was offered and kapu
(restrictions) were observed, the common people who lived in a given ahupua‘a had access to
most of the resources from mountain slopes to the ocean. These access rights were almost
uniformly tied to residency on a particular land, and earned as a result of taking responsibility for
stewardship of the natural environment and supplying the needs of ones’ ali‘i (see Malo 1951:63-
67 and Kamakau 1961:372-377).

Entire ahupua‘a, or portions of the land were generally under the jurisdiction of appointed
konohiki or subordinate chief-landlords, who answered to an ali‘i-‘ai-ahupua‘a (chief who
controlled the ahupua‘a resources). The ali‘i-‘ai-ahupua‘a in turn answered to an ali‘i ‘ai moku
(chief who claimed the abundance of the entire district). Thus, ahupua‘a resources supported not
only the maka‘ainana and ‘ohana (families) who lived on the land, but also contributed to the
support of the royal community of regional and/or island kingdoms. This form of district
subdividing was integral to Hawaiian life and was the product of strictly adhered to resource
management planning. In this system, the land provided fruits, vegetables and some meat in the
diet, and the ocean provided a wealth of protein resources ™.

® Malo 1951:63-67

° Maly 2004:5

1% Lyons 1875:111 IN Kelly 1980:i
' Maly 2004:5
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Native Traditions and Historic Accounts of Kahuku and Ka'a
Ka'd Mdakaha (Fierce Ka'a)

The 18" century Native Hawaiian historian Samuel Manaiakalani Kamakau states “Before the time of
Wakea and his wife Papa, all people were of one class; they were not divided into chiefs, priests, and
commoners; they were all mixed together™.” After the time of this couple considered the ancestor of all
Hawaiian people, “people were divided into chiefs, priests, commoners, outcasts...” While attributing
ali’i to specific islands, Kamakau provides the first mention of a district connected to a chief, “As for
Pohukaina, the chief of Ka'a, his remains are at Mahiki in Waimea, Hawai'i*>. Pohukaina’s father was
Kamea-a-Lu'anu'u who was born at Kahakaha-kea at ‘Opuhue, ma kai of Kahuku in Ka'a, Hawai'i. His
corpse too was laid at Mahiki in Waimea™.

Kelly writes:

In ancient times the people of Ka’u, while they labored willingly for their chiefs (ali’i), nevertheless
took pride in their independence and dignity and never permitted themselves to be abused for
long. There are several stories about oppressive chiefs against whom the Ka'G people rebelled.
Three chiefs were named by Malo, who said that they died violent deaths because they abused
their people.

Kohala was put to death in Kau, for which reason the district was called The Weir (Makaha)
Koha-i-ka-lani was an ali’i who was violently put to death in Kau.
Halaea was a king who was killed in Kau™

Kelly appropriates the types of abuse by the ali’i toward their servants, fishermen, and those who
labored for them®®.

Traditions of Ka'u
“The story of a famous chief of the District of Kau: of Koha (Koha-i-ka-lani)” written by Z.P.
Kalokuokamaile

Hilea, in Kau was the birthplace of Koha. As it was the custom in the olden days to worship fishes,
birds, stones or wood, Koha wishes to have a wooden god to worship. Koha was living in the
upland of Hilea. There were many houses in this place and life there, in olden times, was pleasant.

The houses stood on ground composed only of earth. The chief desired much to have (his god)
made of a big log and have it erected on Makanau hill, close to the village of upper Hilea. He

2 Kamakau 1991:33
3 Kamakau 1991:37
" Kamakau 1991:147
* Malo 1951:195

1® Kelly 1980:6
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ordered his kahunas to ascend with the men to cut wood and the size of log that he desired was
four fathoms in length and girded by three men. Because the kahunas heard his words, they
replied, “O chief, if that is your wish here is a large, tree nearby that only requires cutting. It has a
hardwood like the kauuila which would not rot when buried in the earth.” Koha asked, “What
kind of tree is it?”

“Here is a breadfruit tree with the size desired by the chief.” The chief approved of this, “Yes, that
is good.” The a large breadfruit tree, five fathoms long and could be girded by three men, was cut
down, a tree the size desired by the chief.

The breadfruit log was hauled up to the foot of Makanau hill and there it was left. There was one
thing that needed doing and that was to carve one end of the breadfruit into an image of a man.
Orders were given to the wood carvers and they made it look like a man. After the carvers had
finished their work then it was ready to pull up to the top of Makanau hill where it was to be
erected. Many men climbed to the top of the hill to pull it upward.

Many of the men struggled to lift up the lower end of the log, the chief was among them. This
they did all day long and all day long and all week. It took a very long time but it did not budge to
move upward. The people were tired and bored with the needless task of the chief’s. They had no
time to do their own work for they were occupied with this wearisome useless work. Therefore
the men who worked below at lifting the log and some of those on the hill met and plotted to put
an end to this wearisome task. “Tomorrow we shall tell the chief to go directly below the log so
that he could plead with his image.” This was agreed to by those at the foot and at the top of the
hill. “When you pull the image upward it gets above the head of those who are lifting, just as it
does every day as we work, then you let go. We will tell the chief to get directly under the leg.” In
the morning the men gathered where the wooden image was. Those at the top of the hill
assembled there and those at the bottom of the hill went there. Then the man who gave the
orders to pull, called out to pull the log upward.

The men on the hill pull and those below lifted but it did not rise any higher, it was just as before.
Some of the men at the foot of the hill said, “O Chief, today you go directly under the other end of
your god and lift it up. It is strange that it would not move. What do you think of this idea?” “It is
good.” The chief went under the end of the log. The people above pulled and those below lifted.
Every person below was eager to have the log higher than their heads. Then the call came,
“Mokua ke kaula.” This was the signal to pull the log up and let it go. The log was pulled up and
then it was released. So it was that Koha met his death. This deed of the men of Kau earned them
the name of Makaha (Destroyers). This district, Kau, became renowned as Kau Makaha®’.

Kamakau writes of Imaikalani retaining Ka'G despite overtures from ‘Umi-a-Liloa until Pi'imaiwa’a’s
intervention:

I-mai-ka-lani was the chief of Ka-’u. He was blind, but noted for his strength and skill in battle.
Many chiefs who had fought against him were destroyed. He was skilled in striking left or striking
right, and when he thrust his spear (pololu) to the right or to the left it roared like thunder,
flashed like lightning, and rumbled like an earthquake. When he struck behind him, a cloud of

Y Hawaiian Ethnographic Notes vol. 3:147-148, Bernice Pauahi Bishop Museum Archives
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dust rose skyward as though in a whirlwind. ‘Umi-a-Liloa feared I-mai-ka-lani. Although he was
blind and unable to see, his hearing was keen. He had pet ducks that told him in which direction a
person approached, whether from in front, at the back, or on either side. All depended on the
cries of the birds. In former days I-mai-ka-lani was not blind, and ‘Umi was never able to take Ka-
‘u. The war lasted a long time. ‘Umi went by way of the mountains to stir up a fight with I-mai-ka-
lani and the chiefs of Kona. He became famous as a chief who travelled through the mountains of
Hawaii, and [its trails] became the routes by which he went to war. After I-mai-ka-lani became
blind the fight between him and ‘Umi continued.

I-mai-ka-lani was never taken captive by ‘Umi, but Pi’i-mai-wa’a was crafty and studied the
reason for his great strength and skill with the spear. Not a single thrust failed its mark, and with
one blow [the victim] was torn from head to buttocks. Pi’i-mai-wa’a discovered the reason for the
skill and fearlessness of this blind man. Ducks flew overhead and cried, and when he heard them,
before, behind, or on either side, he declared, "A man approaches from the rear." The man who
guided him about answered, "Yes, there is a man." "Where is his club (la’au)?" "In front of him."
He recognized it as a club (la’au hahau). "Is he near?" "Yes." The blind man smote with his club
(la’au palau), and the other was torn from head (puniu) to buttocks (olemu). Whenever a bird
cried, there was a man. "Where is his club?" I-mai-ka-lani asked. "On the right side.” “A left stroke
will get him.” When the other smote he missed, but when the blind man smote, [his opponent]
was struck from head to abdomen. As Pi’i-mai-wa’a studied and knew every angle of I-mai-ka-
lani's strength and marvelous skill, he said to himself, "l shall kill you yet." He went to kill the bird
guards, the two men who led I-mai-ka-lani on each side, and the forty men who carried his
weapons, long and short spears. I-mai-ka-lani thrust ten spears at a time, five with the right
[hand] and five with the left. The spears flashed forth like lightning, and no man was able to
dodge the spears when he faced I-mai-ka-lani.

Kona chief ‘Ehu-nui-ka-malino is credited with trails constructed “from the uplands of Kona into Kau
which is called the way of Ehu'®.” Both ‘Ehu and the blind Ka’a chief Imaikalani were conquered by ‘Umi
who used these hidden uplands paths to easily view ocean approaches.

The natural resources of Kahuku are cited in this passage regarding control of Maui between the
brothers Kihapi’ilani and Lonoapi’ilani:

Lono-a-Pi‘i-lani heard that Kiha-a-Pi‘i-lani was on Hawaii, and that war canoes were being built
there in great numbers. The kauila wood of Napu ‘u and Kahuku, the o‘a and koai‘e were being
made into dubs to be used against Maui. When the news of impending war reached him and his
warrior chiefs, they trembled with fear.

A whole year of the making of canoes and war implements went by, and all of the warriors were
well supplied. There was no war prior to that time to compare with this one, in which there were
so many canoes. The first ones reached Hana, Maui while the last ones were still on Hawaii o

% |bid. 429
¥ Kamakau 1961:23-29
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‘Umi’s kingdom was divided between his sons Keawenuia‘umi and Keli‘iokaloa‘aumi. When the former
learned of the latter’s mistreatment of the mak“ainana (commoners) of Kona he led “his chiefs, war
lords, war leaders, and warriors from Hilo, Puna and Ka G to make war on Kona.”

The war parties [met?] at the volcano (pit of Pele) before going on to battle along the southern
side of Mauna Kea and the northern side of Mauna Loa. The mountain road lay stretched on the
level. At the north flank of Hualalai, before the highway, was a very wide, rough bed of lava—
barren, waterless, and a desert of rocks. It was a mountain place familiar to "Umi-a-Liloa when he
battled against the chiefs of Hilo, Ka-'u, and Kona. There on that extensive stretch of lava stood
the mound (ahu), the road, the house, and heiau of ‘Umi.* It was through there that Keawe-nui-
a-‘Umi's army went to do battle against his older brother, Ke-li‘i-o-kaloa.

When the chiefs of Kona heard that those of Hilo were coming by way of the mountain to do
battle, Ke-li‘i-o-kaloa sent his armies, but they were defeated by the armies from Hilo. The armies
of Kona were put to flight. When the armies of Hilo reached the shore of Kona the war canoes
arrived from Ka-‘u and from Hilo. The battle was [both] from the upland and from the sea. Ke-li'i-
o-kaloa fled and was killed on a lava bed. The spot where he was killed was called Pu u-o-Kaloa
(Kaloa's hill), situated between Kailua and Honokohau®.

Historian Carol Silva points out these sites — waterholes, shelter caves, the mound, road, house and
heiau fall within the ancient upland boundaries of Kahuku and frequently referred to by native
informants testifying before the Boundary Commission and their connection to ‘Umi and ‘Ehu®'.

The legend regarding Pu‘u a Pele at Keawaiki is connected with Kahuku, as relayed by Clark:

...the lava flows from the southwest rift zone of Mauna Loa entering the ocean have formed a
series of littoral cones. The largest concentrated group of these cones is situated at the end of the
Road to the Sea, a cinder road that leads from the Hawai’i Belt Road to the shore. The highest of
the cones are the two known as Na Pu’u a Pele (“The hills of Pele”) at Keawaiki. According to the
Hawaiian legend, these hills were once two young men, chiefs of Kahuku, who excelled in all
sports, especially hélua (“sled”)-riding. Pele also loved this sport. One day she appeared as a
beautiful young chiefess to join in the competition. The chiefs, however, suspected her identity
and refused to race with her. Angered, Pele came after them with a lava flow that devastated the
once fertile lands of Kahuku as she chased them toward the beach. She overtook the chiefs just
inland of Keawaiki and turned them into hills that bear her name, Na Pu’u a Pele®.

In the Hawaiian language newspaper Ka Makaainana this account of a rain storm published December
24, 1894 provides insight to cultural beliefs maintained in the late 19" century:

2% kamakau 1961:35-36
I Silva IN Haun and Walker 1987:D2
22 Clark 1985:80
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On the 21" of November, Kulanihakoi® let down its drenching rain drops and the rain drops and
the rain spread over the land from end to end, damaging some parts of the land and the
dwellings of the people. The sugar plantation also suffered loss.

The residence of John Cooper, manager of the plantation, at Hina-kukui in Hilea was filled with
large rocks. It was a beautiful yard, a pleasant sight to see before it was damaged but now it is
unsightly. There is an interesting tale about this white man whose name is mentioned above. One
day he went with his companions to the mountain, at Kaiholena where a supernatural rock, called
Ku-mauna stands. This stone was worshipped in the olden days. Such were the gods in the period
of Little-Wa awaa-the ignorant and so also to the present generation. It is much visited by
visitors. This is the tale of this white man. When he arrived at the place where the stone is, he
hammered on its head and broke a piece. This stone John Cooper carried with him to ridicule the
Hawadiians for praying to a stone god. When trouble came, the swelling of a stream where
Kumuna stands to Mr. Cooper’s dwelling place Hina-kukui, it filled the place with a great number
of stones; great heaps and loads of them, with mud too. HE quickly said, “This trouble is due to
my mistreatment of Kumauna. Such is the result of my abusive act.” (A few) he was told by
Komaka, “You did mischief to Ku-mauna and now your yard is filled these days with his
ammunition of war.” He had no answer.

That being over, the place of Aki, a Chinese, was also filled with rocks, for his house was close to
the stream. His wife said, “Let us gather up our belonging and move to the other house.” “You
shut up. Why would the water carry away our goods?” When the water came it did carry off
some. The Chinese opened his mouth then and lamented to the wind. It rained on just that one
day. In these few days there are winds, ran and sunshine...

P.K. Puaikeao — Pa’ula [Kaunamano ahupua’a], Ka u?

> The god Ku, represented in rain and storm IN Parker 1922:333

> Hawaiian Ethnographic Notes vol. 1:2812, Bernice Pauahi Bishop Museum Archives
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Historic Events of Kahuku and Vicinity

When Captain Cook visited Kealakekua Bay in 1779 the high chief of the island was Kalaniopu‘u, a
prominent chief from Ka‘l who died at Wai‘ahukini in 1782. It was at the heiau of Pakini where
Kamehameha symbolically usurped the right of Kalaniopu‘u’s designated heir Kiwala‘o, when he placed
the body of the rebel chief, Imakakoloa, on the altar, leaving Kiwala‘d a hog to offer”. During
Kamehameha's struggle against Keoua, a high-ranking chief of Ka'i, Keoua and his supporters were on
their way from Hilo to Ka‘iliki‘i in 1789, after having defeated his uncle Keawe-ma’u-hili, when explosive
eruptions from Kilauea volcano killed some of his men. Continuing on their way, the remainder met
Kamehameha’s group under the leadership of Kaiana. Kebua was defeated at Ka‘iliki‘i and retreated to
Hilo while “Kaiana and his warriors returned to Waiohinu to remain there till the place of his [Kedua’s]
retreat should be discovered®.”

Kamehameha received the war god Kikailimoku from Kalaniopu‘u, constructing several heiau to honor
the god. Upon the completion of one such heiau, Pu‘ukohola at Kawaihae, Kamehameha sought Kedua
in Ka‘d once more:

As soon as the heiau was completed, just before it was declared free, Kamehameha's two
counselors, Keawe-a-heulu and Ka-manawa, were sent to fetch Keoua, ruling chief of the eastern
end of the island of Hawaii. These two men were skilled in preparing a dose of the slippery hau
sap and the uhi root; they knew well how to use cunning and deceitful speech. Keoua was living in
Ka-'u mauka in Kahuku with his chiefs and the warriors of his guard. Keawe-a-heulu and his
companion landed at Ka'iliki'i and began the ascent of Kahehawahawa along the plains of
Ke'eke ekai. Close to the extreme edge of the tabu enclosure of Keoua's place the two got down
and rolled in the dirt and began to weave their nets of speech. Keoua's people nodded at each
other, and Ka'ie'iea said to Keoua, "It will be a good thing to kill these counselors of
Kamehameha." Keoua answered, "They must not be killed for they are younger brothers of my
father." Ka'ie'iea went on, "If these are killed he will have but two counselors left, and the
government will become yours." "I cannot kill my uncles." The two messengers rolled along in the
dirt until they came to the place where Keoua was sitting, when they grasped his feet and wept.
When the weeping was over Keoua asked, "What is your errand?" Keawe-a-heulu answered, "We
have come to fetch you, the son of our lord's older brother, and to take you with us to Kona to
meet your younger cousin, and you two to be our chiefs and we to be your uncles. So then let war

. 27
cease between you." "l consent to go with you to Kona," answered Keoua™".

Keoua was then sacrificed at Pu‘ukohola, despite the entreaties of his counselors to kill the messengers
and to “return by the mountain” to his sacred residence of Kahuku, Ka‘G”®. Kedua’s residence within
Kahuku was situated above the pali on the fertile ash lands®.

% Kamakau 1961:155

*® Ellis 1825:110-112
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After his conquest of the islands Kamehameha retired at Kailua, Kona to farm and fish. Kamakau lists
Pohue in Kahuku among Kamehameha'’s favorite spots for ‘ahi fishing:

Fishing was the occupation of Kamehameha's old age at Kailua. He would often go out with his
fishermen to Kekaha off Ka'elehuluhulu and when there had been a great catch of aku or “ahi fish
he would give it away to the chiefs and people, the cultivators and canoe makers. If word was
brought that “ahi were plentiful at Kalae, off went the chief to the “ahi fishing, and he fished also
at Kaulana, Ka'iliki'i, Pohue, Na-pu‘u-o-Pele, Kapalilua, and at other places along the coast.
During the season for flying fish he would sail to Kohala where the big schools ran and dispose of
his catch to the cultivators of Kohala, Waimanu, and Waipi‘o. Kamehameha made a crafty
bargain with the cultivators to give a single fish for a single bundle of pounded taro (pa‘i'ai) or a
calabash of poi, and so on. The cultivators lost on this, so they sought a way to get even with him,
and wrapped up a single taro in a bundle™

This incident is commemorated by the saying explained here by Kawena Puku‘i:

Kahuku kau ‘ao‘ao One-sided Kahuku

One-sided Kahuku refers to Kahuku, Ka ‘. At one time, Kamehameha | made a bargain with some
farmers to exchange poi for fish. A konohiki of Kahuku named Kaholowalo took huge calabashes
of poi to the chief, who gave him one small fish in return. Kaholowalo tied the fish to one end of a
carrying stick to show his neighbors what the chief had done. After several such exchanges,
Kaholowalo brought Kamehameha a small taro in a big container. When the chief saw the taro he
laughed, and from then on he played fair. The fish tied to the side of the carrying stick produced

the saying, “One sided Kahuku®.”

Kahuku and Vicinity described 18 and 19'" century Journals

Captain James Cook and Crew, 1779
In late December 1778 Captain Cook sailing around the easternmost point of the island toward Ka Lae
(South Point) in search of protected anchorage recorded in his journal the natives came out in canoes as

far as “five leagues” from land to trade. “But whether from a fear of lossing [sic] their goods in the Sea
or the certainty of a Market, they never brought much with them, the Chief [sic] article we got was salt

which was extremely good*.”

After rounding the south point of the island Cook’s entry for January 5, 1779:

On this point stands a pritty [sic] large village, the inhabitants of which thronged off to the Ship
with hogs and women...As we had now got a quantity of salt | purchased no hogs but what were
fit for salting, refuseing [sic] all that were under size, in general they being no other at first, but
when they found we took none but the large ones, several went ashore and returned with some,
however we could seldom get one about 50 or 60 Ib weight. As to fruit and roots we did not want

* Kamakau 1961:203
1 pukui 1983:144 #1320
32 Cook/Beaglehole 1967:486

17

Page



and it was well we did not for it was very little of either they brought with them, indeed the
Country did not seem capable of producing many of either having been destroyed by a
Volcano...”

Kelly postulates the canoes with traders may have been from the villages of Wai‘ahukini and Ka‘iliki'i to
the west and Keana and Ka‘alu‘alu to the east®.

The next morning Captain Cook sent the master Mr. Bligh in a boat to sound the coast. Bligh reported he
had “found no fresh water, but rain water lying in holes in the rocks and that brackish with the spray of

the sea, and that the surface of the Country was wholy [sic] composed of large slags and ashes here and

there partly covered with plants®”

Another member of Cook’s expedition Captain James King provides his similar impressions of Ka‘li and
its inhabitants:

It is not only by far the worst part of the Island, but as barren waste looking a country as can be
conceived to exist...we could discern black Streaks coming from the Mountain even down to the
Seaside. But the s[outhern] neck seems to have undergone a total change from the Effect of
Volcanoes, Earthquakes, etc...By the SE side were black honey comd rockds, near the s extremity
were hummocks of a Conical Shape which appeared of a reddish brown rusty Colour, & we judged
them tot consist of Ashes. The s extremit, which projects out, has upon it rocks of the most Craggy
appearance, lying very irregularly, & of most curious shapes, terminating in Sharp points; horrid &
dismal as this part of the Isalnd appears, yet there are many Villages interspersed, & it Struck us
as being more populous than the part of Opoona [Puna] which joins Koa [Ka‘li]. There are houses
built even on the ruins lava flows we have describ’d. Fishing is a principal occupation with the
Inhabitants, which they sold to us, & we also had a very plentiful supply of other food when off
this end...*®

...those we saw off Kao [Ka'i], are very tawny, thin, & smallmean looking people, which
doubtless arises from their constant exposure to the heat of the Sun, their being mostly employed
in fishing or other hard labor on shore, & to their spare diet”

Captain Charles Clerke confirmed King’s view of this district writing:

...0n the Southern side the scene is quire alterned, the land from the hills breaks off with a gentle
descent quite to the Sea, and instead of the verdure which on the other side was most beautiful,
you are hre presented with a Country whose face is entirely covered with Cindars [sic]; this part of
the Isle is merely the dregs of a volcano, the heart of the Country is fairly town to pieces with it*®

* |bid:486

** Kelly 1969:10

** Cook/Beaglehole 1967:487
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* |bid:591
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Archibald Menzies, 1794
The next European observation was made by Archibald Menzies, the botanist on Captain Vancouver’s
expedition (1790-1795). Menzies’ observations from the ship of the coastline is closer to Kahuku:

January 11 [1794]...Being then near the shore, Mr. Whidbey was sent in the cutter to examine a
bay [Waiahukini Bay in Pakini Nui] on the west side of the South point, but such was the rough
sea and rolling swell into it that we was unable to accomplish his object.

We met a fishing party off this point jin a few single canoes. With these Kamehameha sent his
orders on shore for some hogs to be brought off to us, which was instantly obeyed.

January 12. Our distance from the land on the morning of the 12th was pretty considerable and
as we stood in for it in the forenoon, some canoes came off to us. From these we understood that
it was a taboo day on shore, on which account we could expext no refreshments... 3

The ship anchored in Kealakekua Bay and after successfully scaling Hualalai, Menizes left Kealakekua Bay
by canoe on February 5, 1794 toward Ka‘l with the intent of scaling Mauna Loa. The first coastal village
encountered in Ka‘l was in Manuka for which he provides environmental aspects of life in an eighteenth
century fishing village:

About noon we came to a small village named Manu-ka where we found our chief Luhea’s
residence, and where we landed before his house at a small gap between rugged precipices
against which the surges dashed and broke with such violence and agitation and with such
horrific appearance, that even the idea of attempting chilled us with the utmost dread. We
however quietly submitted ourselves to their guidance and were highly pleased to see the extra-
ordinary dexterity with which they managed this lands. Having placed their canoe in readiness
before the gap, they watched attentively for a particular surge which they knew would spend
itself or be overcome in the recoil of preceding surges before it could reach the rocks, and with
this surge they dashed in, landed us up on a rock from which we scrambled up the precipice, and
in an instant about 50 or 60 of the natives at the word of command shouldered the canoe with
everything in her and clambering up the rugged steep, lodged her safely in a large canoe house
upon the brink of the precipice, to our utmost astonishment. The other canoe was landed in the
same manner, and as the chief had some arrangements to make, we were obliged in compliance
with his request, to remain at this dreary-looking place all night. A situation more barren and
rugged can scarcely be imagined. The kind civilities and good treatment received from the natives
were, however, unremitting. Here, as if to make amends for the dreariness of the situation, they
particularly exerted themselves by every means in their power to amuse and entertain us The
chief and his people were equally eager and attentive in doing little acts of kindness and thereby
assiduously displaying t heir unbounded hospitality.

On seeing near the village a large pile of stones, built regularly up in a square form on the brink of
the shore, curiosity prompted us to enquire what was the intent of it. When they informed us that

** Menzies 1920:142-143
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it was erected to mark out the limited between the two districts of Kona and Ka-u, by which we
found out that we had reached the southern limits of Kona™.

Menzies description of what is mostly likely Kahuku:

..a dreary rugged tract composed of black porous rock of lava forming here and there grotesque
arches, vaults and deep caverns into which the sea pushes in by the violence and agitation of the
waves with great force, and frequently gushes up again several yards inland through chinks and
crevices with a hissing noise in the form of fountains...“

Menzies’ second landing in Ka‘l was at Pakini village:

Early in the afternoon we landed at a small village called Pakini**, near the south point of the
island. We took up our abode in a hosue belognig to Keawe-a-heulu, and they told us that the
village, which consisted of only a few fishermen’s huts, belonged to Namahana, Keeaumoku’s
wife. The country between this and Manu-ka, the place we left this morning, is one continued
tract of loose, rough and peaked lava, the most dreary and barren tract that can possiblity be
conceived, so that it would be a tedious and fatiguing journey to come from thence by land, and
such as even the natives themselves seldom attempt. For when they wish to visit the south side of
the island, they generally come thus far in canoes from the west side and leave them here till they
return again, so that this forms a common port at which there were several arrivals to and fro in
the course of the evening“.

Menzies discovered the shoreline environment was drastically different from the uplands in this area
when upon ascending Pali-o-Kilani at the boundary between the Pakini Nui and Pakini Iki he viewed, “an
extensive tract of the most luxuriant pasture we had yet seen amongst thes island rushed at once upon
our sight, extending from the south point to a considerable distance inland...**” His guides pointed out
the location of “battles and skirmishes were fought in the late civil wars between the adherents of the
present king and the party of Keoua, the son of the late Kalaniopuu, who was king the island in Captain
Cook’s time™.” After arriving in the uplands Menzies mentions a plantation named Kahuku:

Close by us was a fine plantation belonging to Kamehameha, called Kahuku, where our purveyor
was particularly ordered to demand suplies for our journey, which he did and only received one
small hog. This however, did not come to our knowledge till after we passed it, and when the
chief told me of it, | made a show of noting it down in my little memorandum book in order to
make it known to the king. This had the desired effect, for it instantly spread through the crowd,
and from them to the steward of the plantation, whom we found extremely assiuous in supplying
our wants on our return. In the afternoon we resumed our journey and soon after reached the

** Menzies 1920:178-180

* Ibid.180

2 Kelly notes the village is within the ahupua’a of Pakini but the name of the village area is Wai-o-Ahukini or
Waiahukini.

* Menzies 1920:181

“ Ibid.

* Ibid:183
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upper plantations, when instead of ascending directly up the mountain as we expected, they led
us across these plantations to the north-eastward at a distance of five or six miles from the shore
by a narrow winding path which in some places was very rugged and seldom admitted more than
one person at a time, so that we followed one another in a string, and occupied a considerable
space in length from the number ofour party and the crowds that followed us from village to
village through curiosity and flocked to see us from far and near. This path we found to be the
public road leading to the east end of the island, and at small eminences here and there, we met
cleared spots for resting on, where the wearied travellers generally sit down to chew sugar cane
and admire the surrounding prospect“.

The Journal of William Ellis, 1823

Rev. William Ellis toured the island in 1823 for the purpose of surveying appropriate locations for
mission stations. Ellis excelled in notating place names and traditions during his tour and provides us
with some of the earliest documentation of places, practices, and traditions. Just before daybreak on

destroyed by the 1868 lava flow where his companion Mr. Thurston preached to 60 to 70 residents.
Kelly believes residents were supplemented by residents from the villages of Ka‘iliki‘i and Wai‘ahukini
and the plains of Kama‘oa®.

Ellis’ shares Menzies’ amazement of the difference of the terrain below and above Pali-o-Kalani:

After traveling about a mile we reached the foot of a steep precipce. A winding path led to its top,
up which we pursued our way, occasinally resting beneath the shade of huge overhanding rocks.
In half an hour, we reached the summit, which we supposed to be about 300 feet from the plain
below.

A beautfiul country now appeared before us, and we seemed all at once transported to some
happier island...The rough and desolate trace of lava, with all its disotrted forms, was exchanged
for the verndant plain, diversified with gentle rising hills and sloping dales, ornamented with
shrubs, and gay with blooming flowers. We saw, however, no streams of water during the whole
of the day; but from the luxuriance of the herbage in every direction, the rains must be frequent,
or the dews heavy48.

Between three and four o’clock in the afternoon, we reached Kauru, a small village, environed
with plantations, and pleasantly situated on the side of a wide valley, extending from the
mountains to the south point of the island™®.

Kelly proposes Ellis may have spent the night among the well-populated gardens of inland Kahuku

refered to as “Kauru®.”

*® |bid:184
* Kelly 1969:18
*® Ellis 1825:101
* |bid:102
% Kelly 1969:20
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Silva declares these observations establish the population resided in the interior of Kahuku with the
shoreline relatively devoid of permanent residents, save fishermen. The cultivated area traveled by Ellis
was further documented by testimonies for land claims during the Mahele in the 1840s and 1850s.

Rev. Elisha Loomis, 1824

A year after Ellis, Elisha Loomis, a member of the First Company of American missionaries to Hawai‘i set
out by canoe from Ka‘awaloa, Kona to approach Mauna Loa from Ka‘d. Landing at a village he identified
as Kaulanamauna, the last ahupua‘a in Kona abutting Ka‘d, he walked twenty miles to the village of
“Haperoa.”

The whole of the intervening country along the shore exhibits the most barren and rugged
appearance conceivable. Streams of lava descending from the mountain have covered the whole
of this part of the country rendering it impossible to be cultivated except at a considerable
elevation some distance from the sea where the frequent rains have in some measure
decomposed the lava and thus produced a soil. The inhabitants reside mostly on the seashore,
subsisting in a great measure upon fish. The place where | have put up contains only a few
houses, but these are well filled with inhabitants. The one which | am to sleep in is less than ten
feet square, yet it has a fireplace in the center and accommodates eleven inhabitants™.

From there the Loomis party took in inland trail and up the pali:

| was delighted to find myself in a new region, where a thin but rich soil and luxuriant foliage
concealed the lava from our view....Continuing our journey over a beautiful tract of country (but
thinly inhabited)...”

Additional 19" century visitors

Subsequent visitors and foreign born residents made comments of Ka‘T, including James Dana of the
U.S. Exploring Expedition, 1840; Rev. John D. Paris, 1841; and Chester Lyman, 1846. Lyman’s trip from
Wai‘ohinu to Kona which led him across the uplands of Kahuku and Manuka and then down to the coast
at Kapua in Kona, is the first account of the upland trail. Lyman remarked “the country west of Waiohinu
is delightful—the soil appears to be good and vegetation abundant.” In 1849 Samuel Hill sailed in a
small boat from Kealakekua Bay to Ka‘iliki‘i and took shelter at a tiny harbor near P6hue Bay and
explored the rough lava fields in the area:

...we hauled into the cove in which Kailili [Kailikii] is situated, and landed...near the hut of the
government agent...

...the village of Kailili consisted of but three or four huts...The country immediate to the village
was also of the rudest description...They gave us...fish, very good sweet potatoes, and dry
taro...they seemed to be plentifully supplied54

> Loomis ms.:7 IN Kelly 1969:22

>? |bid:12 IN Kelly 1969:22

> Kelly 1969:31

> Hill 1856:239-240 IN Kelly 1969:32
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In 1861 Sophia Cracroft and her friends arrived in Wai‘ohinu and departed on May 1 toward Pali-o-
Kdlani. Unlike earlier visitors, she hiked down to the coast where they reached the solitary house on the
shore:

...It proved to be a very excellent native one, of grass as usual, belonging to one of the lower
Chiefs, by whom it was a matter of course given up to one of Mr. Kalakaua’s rank— the family of
the owner moving into a small one usually occupied by the servants, adjoining which was the
cooking place—a mere sloping thatch upon poles. Besides these buildings of grass, there was a
large canoe house. This made up the little homestead, distant from the nearest village by about
two miles>.

Kelly reports the land route was not popular at first, but eventually came to replace the sea route, at
least for much of the missionary traffic between Ka‘G and Kona°.

Transitions in Land Tenure and Land Use Practices

Foreign influences impacting Ka‘l in the 1840s were reflected in missionary station reports. (A
tangential indicator was the adoption of Western style clothing from traditional kapa mamaki as the
decade progressed.) Lebo writes, “Faced with few external markets for their produce, high taxes, little
property, and periods of epidemics, drought, famine, and fire, ever more families left Ka‘d for the
growing ports of Lahaina, and Honolulu. While some parents returned, estimates suggest that two-
thirds to nine out of ten children did not>”.” Henry Kinney’s 1851 station report stated:

...a year after the ravages of measles (!), there has been a scarcity of the common food of the
natives — Many were Compelled (!) to resort to wild food; but not food is pleanty [sic] (!) again —
for a few months past, the people have been unusually active in planting talo [taro], potatoes &
onions, having been encouraged that vessels will come bye & bye for their produce (Station
Report 1851).

Goat production became the principle export commodity by 1850 followed by pulu (Cibotium spp)®®. W.
C. Shipman reported in 1860 the pulu trade:

started in the last twelve months has put an end to all agricultural pursuits; even the cultivation
of taro; the “staff of life” to Hawaiians; is greatly neglected. The greater part of our people are
now engaged in gathering pulu (Station Report 1860).

The abandonment of their crops in favor of a tradable commodity accompanied by droughts and free-
ranging livestock of foreign residents contributed to the exodus of residents for more populated centers.

> Korn:1958:61-62 IN Kelly 1969:32
*® Kelly 1969:33
>’ Lebo IN Dye 2010:8

% 1. A soft, glossy, yellow wool on the base of tree-fern leaf stalks
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Mabhele

The Mahele of 1848 radically changed the Hawaiian system of land ownership and tenure dividing the
‘@ina among 245 chiefs and Kamehameha Ill. The king then divided his lands between the government
and himself. Nine of the ten ali‘f nui including the king were awarded land in Ka‘a,

...the bulk of the ‘Aina Kauikeaouli gave to the government came from his holdings on Hawai ‘i
island, the center of his father’s birthright. It was as if having decided that government ‘Aina
should be set aside for the maka’dinana, Kauikeaouli decided that the gift should represent his
father, Kamehameha, the makua of the Lahui™.

Kauikeaouli, (Kamehameha Ill) received and relinquished the great number of ahupua‘a in Ka'i, 43 and
40 respectively.

Six landlord chiefs (konohiki) received twenty ahupua‘a within Ka‘l and several of these were turned
over to the king in lieu of commutation fees. Konohiki ownership and rights did not include kuleana
lands awarded to commoners within the ahupua‘a. Boat landing areas were retained by the
government®.

Kahuku was claimed by William Pitt Leleiohoku (1819-1848) and then relinquished to the king in lieu of
commutation fees due on the lands awarded him. The son of Kalaniméki and Kiliwehi® Leleidhoku held
93 ‘gina prior the Mahele, relinquishing 57 of them®. He received a significant amount of land from his
“sister-cousin” Kekau‘onohi, a granddaughter of Kamehameha®. Leleiohoku’s claim to Kahuku may
have derived from his first wife, Nahi‘ena’ena, a daughter of Kamehameha and his sacred wife
Keopuolani and sister of Kamehamebha Ill, or through Kuakini, a son of Namahana and governor of the
Hawai’i Island from 1820 to 1848 who named Leleidhoku one of his heirs® or Kekau‘onohi. Although it
cannot be ascertained for certain from whom Leleiohoku received Kahuku, Kame‘elihiwa provides an
insightful discourse of how Kalanimoki broke from tradition by leaving his ‘Gina to Leleiohoku and
Kekau'onohi instead of the king and of Leleiohoku’s temperament and behavior:

In early 1827, Kalanimakd, feeling that death was near, left O‘ahu saying that he was afraid that
if he died there his brother Boki, the Kia‘Gina (Governor), might desecrate his body. He may also
have been afraid that Boki would gain his “dina....As Kalaniméku lay dying in the circle of his
Chiefs, the idea arose within him to ho‘iho‘i all his ‘Aina to the M6‘i- as was the traditional custom
and, no doubt he felt was pono behavior. Haiha Naihe and Hoapili, sons of the Kona Uncles,
objected, declaring, “He mau keiki o kG makou,” that is, “We all have children of our own,”

*® Kame eilihiwa 1990: 238

% Kelly 1980:ix

®! Barrere notes Fornander cites Kuwahine as Leleidhoku’s mother as Kuwahine but four different Hawaiian
sources cite Kiliwehi as his mother 1994:410

®2 Kame'elihiwa 1992:229

* Ibid.:243

* Kamakau 1961:395
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meaning that they had heirs to whom they wanted to pass their "Aina and felt that Kalanimoka’s
suggestion to ho‘iho‘i might threaten the newly acquired Land inheritance right65.

Feeble as he was and finding himself of two minds over the matter, Kalanimoki acquiesced.
Kalanimokd had only two keiki at this time, his young son Leleiohoku (about ten years old) and his
niece Kekau'énohi, who was a grown woman.

Leleiohoku was his son by Kiliwehi, a daughter of Kamehameha, and was considered a very high
Ali‘i Nui because of the intermingling of the high Maui and Hawai'‘i lineages. Not only was he a
grandson of Kamehameha, but on one side he was a descendant of the great Kekaulike of Maui,
while on the other, a descendant of the equally famous Keawe of Hawai‘i island. He had been
named Leleiohoku in commemoration of the death of Kamehameha, which occurred on the night
of Hoku®®.

Kekau‘6nohi was the daughter of Wahinepio, Kalanimokd’s sister, and Kahé‘anokd Kina‘u, a son
of Kamehameha. Actually Leleiohoku’s mother, Kiliwehi, and Kekau onohi’s father, Kaho ‘anokda
Kinau, were full brother and sister, their parents being Kamehameha and Peleluli (she was a
daughter of Kamanawa, one of Kamehameha’s Kona Uncles). Thus, the relationship between
Kekau‘6nohi and Leleiohoku was doubly close, and they were as brother and sister.

Kalanimékia therefore left all if his ‘Aina to his “daughter” Kekau‘6nohi as his keiki ho‘oilina and
made his son Leleiohoku her kanaka.

One might argue that Kalanimoki sensibly bequeathed his ‘Aina to Kekau‘6nohi because
Leleihoku was only ten years old, and Kekau‘onohi, an adult, would be better able to control the
‘Aina. However, the responsibility which fell to Leleiohoku as konohiki-to administer the ‘Aina and
collect the rents and taxes-was in and of itself an arduous duty.

In addition, other Ali‘i Nui who had died before Kalanimoki had also given their ‘Aina to
Kekau‘6nohi, with Leleiohoku as kanaka. It seems to have been the custom with sister and
brother heirs to leave the property to one and designate the other as kanaka. Therefore, if
Kekau‘6nohi should die, all the property would go to Leleidhoku as “there was no other person it
could descend to.”

The relationship between keiki ho‘oilina and kanaka worked in the following manner. A kanaka
could eat with the owner of the ‘Aina, and use the ‘Aina, but not alienate it. In ancient times, the
“owner” could not turn the kanaka out because he was kolohe (mischievous) and “so Leleiohoku
could not have been turned away and made destitute from his bad conduct” (referring to
Leleichoku’s frequent and infamous bouts of drunkenness and fighting, even with maka‘dinana)).

Thus, Kekau‘énohi would give instructions to Lelei6hoku, who would pass them on to Malo and
Ha‘alelea, both of whom were kahu of Leleiohoku. Sometime, however, she would speak directly
to his kahu and they would have to obey her orders. Likewise, they had to follow Leleiohoku’s
orders, even though he was only ten years of age. Leleiohoku was free to parcel out the usufruct

% Kame'eilihia 1992:112
% |bid:113
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rights without consulting Kekau 6nohi, but she had the right to approve or repudiate the decision.
At the time of the 1848 Mahele, Leleichoku went to see Kakau‘6nohi about the ‘Aina, and she
divided them equally, whereupon she went immediately to the M6 T to obtain his approval of their
division, and he gave it.

Despite Kalaniméki’s kauoha, it seems that of the eighty-odd parcels of ‘Aina he held in 1827, not
all went to these two heirs, for at one point Leleiohoku complained to Judd that some of his
father’s ‘“Aina were being held by his cousin Kekauluohi. By the same token, Kekauluohi also
complained to Judd that some of the ‘Aina she should have inherited had gone to Kekau‘Gnohi® .

When William P. Leleiohuku died at age 29 in 1848 of measles, his second wife, Ruth Ke‘elikolani and
son, John Pitt Kina‘u, were required to cede twelve more of his ‘Gina in government commutation.
When his lands were divided in May 1850, Kahuku was ceded to the government as part of their one-
third interest and valued at $20,400%. Kingdom minutes and correspondence reflect his ownership and
this transfer:

Privy Council vol. 3:662

Re. land laid off as the Government. One-third of the above land [Kahuku] of the Leleiohoku
Estate.

Interior Department Document No. 372

List showing...set aside to William P. Leleihohoku.

Interior Department, Lands — 1847

Lands of King as reported by C[harles] Kanaina same as reported by Namauu.

Interior Department, Lands — December 15, 1847

Lands of King as reported by M. Kekuanaona [and] J. Kaeo [on December 16].

Interior Department, Lands — May 27, 1850

Regarding division of lands between Government and the heirs of W.P. Leleiohoku; showing
that the above land was granted to the Government, which was sanctioned by the Privy
Council on May 27, 1850.

Interior Department Letter Book 3:7 — September 12, 1850

Minister of Interior (by Kalama) to E. Bond. Above land ceded by W.P. Leleiohoku to the
Government.

®” Kame'elehiwa 1992:114-115
® Interior Dept, Land, Letters (incoming) 1850, May
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Kuleana Claims

The native tenants of the lands could file kuleana claims regardless of the owner of the ahupua‘a.
Kuleana claims were permitted only for house lots (not to exceed % acre) and garden lands the claimant
had under cultivation to feed his own family. Commoners were not permitted to claim kula land they
utilized for grazing cattle, horses, or goats, nor were they permitted to claim any lands they cultivated
for the purpose of selling the crop. Such claims were permitted only to the konohiki and foreigners®.

Within Kahuku, twenty-five separate claims were filed fourteen of which were awarded and eleven
denied. Numerous kalo (taro, Colocasia esculenta) patches, upland banana fields, plots for mamaki
(Pipturus) were described. Claims appear to be mainly inland in areas favorable for gardens (see Figure 1
of planting zones). None of these claims have been determined to fall within the project area as the first
five are described on the tax map as “unlocated’®.” These awards fringed the upland boundary of TMK
3-9-2-01:72 in an area known as Keopuka. Here, both taro and banana were cultivated. Several
claimants mentioned their parcels adjoined Samuela, the school teacher of Kahuku district. Samuela’s
taro patch in Keopuka was situated adjacent to his school house; a road also ran along another
boundary of his patch”".

Table 1 — Awarded kuleana claims

Awardee @72 Acres # Pieces Register Testimony
Kaaua 9229 7.40 1 N” 8:628 N 8:482
Kepola 8769 15.20 1 N 8:167 N 8:474
Kila 8771 9.25 1 N 8:167 N 8:472
Naohe 10514 13.60 1 N 8:657 N 8:475

Ku 9248 9.40 1 N 8:629 N 8:475
Samuela Kuula 11028-B 6.20 1

Pau 10842 6.55 1 N 8:664 N 8:472

Testimonies for these and non-awarded claims provide insight to cultivation and residency.

% Kelly 1980:ix
7 silva IN Haun and Walker 1987:D-12
71 .
Ibid.
2 Land Commission Award Number

7 Native. Registers and testimonies are categorized as either as Native, in Hawiian or Foreign, usually in English.
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LCA 9229 Kaau Kahuku, Kau, Hawaii
Native Register vol. 8:628

He ye, ye Land Commissioners meeting at Honolulu: | am a claimant of land. | have an ili of land. In
another ili in this ahupua‘a | have 5 kihapai.

Native Testimony (Spelled Kaana) vol. 8:482

Kumauna sworn he has seen Kaana’s land.

Section 1 —ili in Kekeekai ahupuaa, Wahine had given in 1840.

Section 2 — 5 taro kihapai in Puukoae ili of Kahuku, from Kumauna in 1840, no objections. Both sections
are bounded by Konohiki’s land.

LCA 9248 Ku Kahuku, Kau, Hawaii
Native Register vol. 8:629

He ye, ye Land Commissioners at Honolulu: | have a claim for an ili of land in the ahupua“a of Kahuku. |
have 5 other kihapai in another ili in this ahupua‘a.

Native Testimony vol. 8:475

Kumauna and Samuela sworn they have seen Ku’s land.

Section 1 — 3 taro kihapais and banana at Keopuka, ili of Kahuku

Section 2 — 2 taro kihapai at Puukae ili of Kahuku ahupuaa, Kumauna had given in 1840. No one had
objected to him. the boundaries are:

Section 1 — bounded by the land of the konohiki

Section 2 — bounded by the land of the konohiki

LCA 10514 Naohe Kahuku, Kau, Hawaii
Native Register vol. 8:657

I am a claimant of land. | have an ili, a kihapai of taro and a mountain banana patch. This is my claim, for

your information.

Native Testimony vol. 8:475

Pau and Samuela sworn they have seen Naohe’s land.

Section 1 — Aukahua ili in Kahuku ahupuaa, from Haumea in 1839
Section 2 — Taro kihapai at Keopuka, ili of Kahuku

Section 3 — Banana field, no objections. The boundaries are:
Section 1 — 3 — bounded by the land of the konohiki.

LCA 10842 Pau Kahuku, Kau, Hawaii
Native Register vol. 8:664

I have an ili and 2 kihapai in another place; a kihapai of taro and a mountain banana patch. That is my
claim for your information.
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Native Testimony vol. 8:472 November 12, 1849

Wabhine and Samuela sworn they have seen Pau’s land.
Section 1 — Kukuinui ili of Kahuku, from Haumea in 1839.
Section 2 — Taro kihapai, ili of Keopuka from Kaumea in 1840, no one had objected.
The boundaries are:
Section 1 Mauka - Kaopuana
Puna - Konohiki
Makai — Manae
Kona — Konohiki

Section 2 Mauka — Konohiki
Puna - Keawe
Makai - Naohe
Kona - Konohiki
LCA 8771 Kila

Native Testimony vol. 8:472

Kumauna and Samuela worn they have seen * Kila’s section at Keopuka ili in the Kahuku ahupua’a that
Kamailiilii had given in 1819, no objections. Life has always been peaceful. The konohiki’s land surrounds
this lot.

LCA 8769 Kepola (Debora)
Native Testimony vol. 8:474

Samuela and Kumauna sworn they have seen Kepola’s ili section of Puukoae in Kahuku, Mailiilii had given
in 1819, no objections. It is bounded by the land of the konohiki.

LCA 11028 Samuela
Native Testimony vol. 8:473

Wahine and Kaaloa sworn they have seen:
Section 1 — 3 taro kihapais at Haleolono, ili of Kiao from Samuela’s parents in 1819.
Section 2 — house lot at Haleolno ili of Kiao ahupuaa
Section 3 — Taro kihapai in Keopuka ili of Kahuku.
Section 4 — banana kihapai, Debra had given in 1847, no objections. The boundaries are:
Section 3 — Mauka and Puna — Debora

Makai — Kamanuwai

Kona - Namanele

LCA 9175 Kauwila
Native Testimony vol. 8:471
Kuwaha and Wahine sworn they have seen Kauwila’s land.
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Section 1 — Poopueo ili of Kekeekai ahupuaa, Kamoku had given in 1819.

Section 2 —taro kihapais at Hakepala, ili of Pakini, from Lapuwale in 1840.

Section 3 —taro kihapai in Keokuka, an ili for Kahuku ahupuaa, Haumea had given in 1840, no objections.
Boundaries 3:

mauka — Manae

Puna —Samuela

Makai — Konohiki

Kona — Kaleo

LCA 8772 Kaaloa

Native Testimony vol. 8:472

Wahine and Samuela sworn they have seen Kaaloa's land.

Section 1 — Haleokane ili of Kiko ahupuaa from his parents in 1819.

Section 2 — banana field at Keopuka ili of Kahuku ahupuaa. No objection and from Haumea in 1839. The
boundaries are:

Section 2:

Mauka — Paele

Puna — Namanele

Makai - Namale

Kona —Hanuhanu

LCA 9058 Kuoha
Native Testimony vol. 8:473

Wahine and Samuela sworn they have seen Kuoha’s land.

Section 1 — Wehhiwahale ili of Kekeekai ahupuaa, Namoku had given in 1819.

Section 2 — Kaomaili

Section 3 — Kihapai in Nohoiki ahupuaa, Ihupuu had given in 1819.

Section 4 — Banana kihapai at Keopuka ili of Kahuku ahupuaa, Debora had given in 1840, no objections.
[all bounded by konohiki lands]

LCA 9156 Kualaula November 12, 1849
Native Testimony vol. 8:474

Wahine and Samuela sworn they have seen:

Section 1 — Haleolono ili of Kiao ahupuaa that Poka had given in 1840.

Section 2 — Taro kihapai at Kaoma ili in Kekeekai ahupuaa, from Kuwaha in 1840.
Section 3 — Taro kihapai at Keopuka ili in Kahuku, from Haumea in 1840.

Section 4 — banana field, no objections to him. The boundaries are:

Section 3:

Mauka — Waipa

Puna- Kaleo

Makai — Konohiki
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Kona — Kaleo

LCA 9209 Kemu (deceased)

Native Testimony vol. 8:475

Kaaloa and Kauwila sworn they have seen Kimuu’s land.

Section 1 — Kukuinui ahupuaa, Poka had given in 1839.

Section 2 — Taro kihapai at Keopuka ili, of Kahuku ahupuaa, from Haumea in 1840. Life has been peaceful,
no objections. The boundaries are: bounded by the land of the konohiki.

Table 2 - Silva’s Synopsis of Mahele claims
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LC Term of Residence Land Uses Comments/Descriptions
Awardee
8769 Received in 1819 from An ‘ili in Puukoae; Surrounded by land of
Mailiilii probably banana patch konohiki; upland 15.2 acres
Kepola
8770 Not awarded
Kanoe
8771 Received in 1819 from ‘ili in Keopuka Surrounded by land of
Mailiilii konohiki; bound on a side
Kila .
by Samuela; 9.25 acres
8772 Apana 2 from Mauna in | Banana patch Surrounded by Paele,
1839 Namanele, Namale,
Kaaloa Hanuhanu (not described in
deed)
8773B Land from Kapulikoliko Claims opelu fishing Not awarded
in 1830; may have been | rights and mamaki trees
Haumea a konohiki
8775 Land from Haumea in “ili Surrounded by land of
1833 konohiki; Not Awarded
Kaopuana
9058 Apana 4 from Debora in | Banana patch Surrounded by land of
1840 konohiki
Kuoha
9156 Apana 3 & 4 from Taro garden and banana | Surrounded by claimants on
Haumea in 1840 patch 3 sides; (not described in
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Kualaula deed)
9175 Apana 3 from Haumea Taro garden and Surrounded by claimants on
in 1840 bananas 3 sides
Kauwila
9209 Apana 2 from Haumea Taro, bananas, and Surrounded by land of
in 1840 mamaki for tapa making | konohiki; claimant deceased
Kemu
Ili from Wahine in 1840; | 'ili in Kekeekai and 5 Both surrounded by the
taro land from Kumauna | taro plots in Puukoae land of the konohiki; in
in 1840 1867 sold to A.E. Spencer of
Waiohinu for $12; 7.4 acres
9247 From Haumea in 1833 lands for taro, bananas, | Surrounded by land of
mamaki for tapa konohiki; Not awarded
Kaleo
9248 From Kumauna in 1840 ili of taro and 3 banana | Nearly surrounded by
patches in Keopuka and | konohikilands, 9.4 acres
Ku 2 taro plots in Puukoae
9995 ‘ili from Haumea in ili Surrounded by land of
1833 konohiki; Not awarded
Lamaikahiki
9997 From Haumea in 1833 ili Surrounded by land of
konohiki; Not awarded
Luamano
10508 From Haumea in 1843 6 taro lands and 1 Surrounded by land of
banana land konohiki; Not awarded
Namanele
10509 From Haumea in 1846 Taro lands and mamaki | Surrounded by land of
for tapa konohiki; Not awarded
Nuhi
10511 From Haumea in 1833 4 taro lands and 1 Surrounded by land of
banana land konohiki; Not awarded
Namale
10113 ili Surrounded by land of
konohiki; Not awarded
Manae
10514 From Haumea in 1839 ‘ili in Aikahua, taro land | 3 sections, one with a road
in Keopuka and banana | through it; 13.6 acres
Naohe land in the uplands




10842 From Haumea in 1839 & | 'ili in Kukuinui, taro land | Cultivated land surrounded
1840 and banana land on 3 sides by konohiki land;
L upland; also a houselot houselot surrounded by
konohiki land
10842 From Haumea in 1833 ili Surrounded by land of
konohiki; Not awarded
Paele
11007 From Kumauna in 1840 | taro land Surrounded by land of
. konohiki; not described in
Wahine deed
11028 From Debra in 1847 Ataroland and a Samuela was listed as the
banana land school teacher and konohiki
Samuela
11026B Apana 1 from parents in | 3 taro lands in Kiao and | Keopuka taro land is bound
1819; Apana 4 from a houselot there; taro on the side by the school
Samuela Kepola (Debora) in 1847 | lands in Keopuka and a house and on other side by
Kuula banana land probably road
upland

These records provide evidence to the general settlement patterns for upland Kahuku. The inland ala

nui, main trail, rose up through the Kahuku escarpment from the western lava lands of Kahuku, then

descended gradually seaward through the rich, high-rainfall, ash lands above pali, passing through

houselots and farms. At Pu‘u Po‘o Plieo the road turned east and headed across the upper fields of

Pakini and Kama‘ao towards Wai‘Ghinu and the eastern lands of Ka‘a’*.

Claims are predominately inland from the ko kula uka, the upland slopes favorable for dryland taro,

sweet potatoes and sugar cane. Beyond these open slopes kihdpai (cultivated patch) were claimed in

the ko wao, the forested areas. Lebo concludes, “The likely resided and farmed within ko wao ‘ilima,

where the lower altitudes provided good agricultural land, resided for temporary periods in the more

inland ko wao kanaka, farming and gathering wild resources. No records or accounts provide any

indication of activities other than exploitation of marine resources occurred within the project area.

Shorter gathering trips were likely made to ko wao nahele, the drier plains and deserts”. Resources and

crops in relation to their zones are shown here in a graphic from Native Planters of Old Hawaii.

7 Cordy 2000:351
7> Lebo IN Dye 2010:12
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Figure 39.—Ka'u District, Island of Hawaii.

Figure 1 — Handy and Handy’s (1972) graphic showing traditional zones in Ka't

The government subsequently set apart and designated Kahuku as School Lands for the use and income
of the Department of Public Instruction. (Unconnected to this designation a Protestant school was
established in 1857 in Kahuku with 55 students in 1847 and 31 students’®.) Records of the Privy Council

and correspondence to the Minister of Interior provide further insights to land use and transactions in
Kahuku:

Interior Department, Lands — September 25, 1851

Minister of Interior to Rev. D. B. Lyman. Enclosing list...showing the above land does not belong to the
Government.

Public Instruction, Lands — August 20, 1855
None of the above school land in Kau had been sold.

Public Instruction, Lands — July 2, 1856

S. Laanui to Minister of Public Instruction. That Kamakana and Kaua, have brought $10 for the school land
is the above tract which they desire to purchase.

7% Kelly 1969:41
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Public Instruction — March 6, 1858
R.K. Chamberlain to Minister of Public Instruction. Applying to purchase the above land.

Public Instruction — December 3, 1858
Kupa to Minister of Public Instruction. Receipt for $116, amount paid by him for land, now refunded.

Public Instruction, Lands — December 23, 1859
Kalaamaikahiki to Minister of Public Instruction. Receipt for $103, amount paid by himself, now refunded.

Public Instruction, Lands — June 16, 1860
A/C sales of above land, sold for $3100.

Interior Department Letter Box 10.304 — October 10, 1870
Minister of Interior to F.S. Lyman. Enclosing Royal Patent No. 6083 for Pau for land in the above place.

Interior Department, Lands — November 6, 1871
W. T. Martin to C. T. Gulick. Stating the owners of the land of Kapua at Kahuku desires to have boundaries
of said lands defined. That they are living at this time, certain Hawaiians who know the boundaries of said
lands. Desires that the boundaries be settled at once, for if delayed, these old native may die &c.

Interior Department, Lands — April 26, 1872
R.A. Lyman to Commissioner of Crown Lands
Stating that G.W.C. Jones & Co. have applied to have the boundaries of the above settled.

Interior Department, Lands — 1873
Report by the Commissioner of Boundaries (Hoapili) showing that moneys have been paid to the
witnesses who testified at the hearing on the settlement of the boundaries of a piece of land in the above
place belonging to G.W.C. Jones & Co.

Interior Dept, Land Letters (Incoming) January 1873
“Lands in Kau settled before the Commissioner of Boundaries, 1873”
(Mar. 11/12/14/17) (Mar. 18/19/21) Owner: G.W.C.Jones & Co. Kahuku No.Days worked 7 No. of
Witnesses 2 Amount paid withesses $2.00

Interior Department, Lands — February 1, 1873
R.A. Lyman to Commissioner of Crown Lands
Informing that he had advertised the hearing for the settlement of the boundaries of the above land to
take place on March 11™ at the Waiohinu Court House. States that the Crown Lands in Kona adjoining
Kahuku are Honomalino in Kona and Waiohinu and Kapapala in Kau. That the lands of Keauhou and Hilea
1 & 2 belong to the Kekuanaoa Estate. That the Governess of Hawaii won the lands of Kappua, Kawela and
Mohokea adjoining Kahuku. Desires him to appoint a person to look after his interests. Would like to be
informed of his decision about leasing the land of Waiakea, &c.

Interior Department, Lands — March 10, 1873
F.S. Lyman to Minister of Interior
Acknowledging the receipt of his two favors of the 3" instant and stating that they had designated J.
Kauhane to look after the interests of the Government in the settlement of the boundaries of the above
land.
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Same — March 17, 1873
J.G. Hoapili to J.0. Dominis
Reporting on the matter pertaining to the settlement of boundaries of the above land, adjoining the land
of Keauhou, &c.

Interior Department Letter Book 12, p. 254 — May 26, 1873
Minister of Interior to R. A. Lyman
Forwarding the following Royal Patent for land in the above tract, &c. No. 6083 Pau $5.00

Interior Department, Lands — January 6, 1874
R.A. Lyman to Minister of Interior
Statement reporting that Royal Patent No. 6083 for a piece of land in the above place had been delivered
to Pau.

Interior Department, Lands — January 18, 1876
W.T. Martin to Minister of Interior
Informing that the boundaries of the above land has encroached on the boundaries of the land of
Manuka, &c.

Interior Department, Letter Book 13 p.282 — March 22, 1876
Enclosing letters from Rev. J. Kauhane to the Minister and from R.A. Lyman, Commissioner of Boundaries
for the Island of Hawaii, to J. Kauhane, informing him of his decision of the boundaries between the above
land and Manuka in Kau, Hawaii. Notes of survey defining the boundaries between said lands and a
Memorandum from W. T. Martin.

Interior Department, Book 14 p.138 — February 19, 1877
Desiring him [Captain Brown] to furnish Brewer & Co. with a buoy of the necessary size and shape for

mooring at Punaluu.

Interior Department, Book 14, p214 — May 3, 1877
Authorizing Captain Brown to construct the necessary stand, house &c. for the tide-gauge in accordance
with the instructions of Professor W.D. Alexander, &c.

Interior Department, Lands — January 31, 1891
Samuel Norris to Minister of Interior. Applying to lease several pieces of land lying below the Government
road between Kahuku and Waiohinu for 25 years at $75 a year. Sketch and report of Government Survey
Office relating thereto attached.

Interior Department, Lands — February 16, 1893
Samuel Norris to Minister of Interior. To purchase for cash Government lands lying on the east and south
side of the above land, &c. Documents and report of Government Survey Office relating thereto attached.

Executive (Commissioner of Public Lands) — June 24, 1921
Commissioner of Public Lands to Governor. Submitting for approval, deed from Territory of Hawaii to the
United States of America, covering 5,962 acres of land at the above tract, Kau, for National Park purposes,
&c.
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Transportation

Marine transportation to and out of Kahuku was subsidized by the government. References to a Captain
J. Brown’s operations of running the steamer Pele during the 1860s are found in the Interior
Department’s records and correspondence:

Interior Department Book 7:437 — September 20, 1862
Minister of Interior to Captain J. Brown. Informs him that his salary has been reduced to $120 per month
on account of the small amount appropriated by the last Legislature for the steamer under his charge.

Interior Department Book 7:637 — February 6, 1866
Minister of Interior to Captain J. Brown Instructing him to take the necessary steps for rigging the Steamer
Pele under the estimate which he furnished.

Interior Department Book 8:66 — February 7, 1867
Minister of Interior to Captain J. Brown. Requesting him that separate accounts be kept for the new
wharf, the dredge & any other Government work and also keep a correct note of all the men’s time every
day &c.

Interior Department Book 8:80 — February 22, 1867
In letter from Minister of Interior to Captains Mcintyre & Berril informing them that from & after the last
of this month no commissions will be allowed from the earnings of the Steamer Pele. Also states that
Captain J. Brown will be instructed to collect all amounts due for towards that date.

Interior Department Book 8:81 — February 22, 1867
Minister of Interior to Captain J. Brown. Requesting him to collect all earning of the Steamer Pele from
and after the first of next month.

As a result of Act 65, 1893-4 Laws, the Superintendent of Public Works replaced the Minister of Interior
as the authority who appointed a road supervisor for Honolulu and supervisors across the islands.
During his reign Kalakaua was allowed “to amend the law concerning Road Supervisor(s) and the
disposition of the Road Tax and to establish local road boards which were to build and maintain all
roads, bridges, and public highways within their respective districts ’’- Road development in Kahuku fell
under the responsibilities of the Ka‘l Road Board. These Road Boards functioned until their duties were
assumed by the County governments.

Under certain specific conditions, roads could be constructed without involving the Road Boards. Act 82
Laws stated that any new roads or bridges, the construction of which were funded by appropriations
outside of the road taxes, could be constructed by the Minister of Interior without reference to the
district road boards. Few references could be found regarding Kahuku in these records at the Hawai’i
State Archives:

" Roads - November 25, 1887
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Naalehu October 31, 1900 to J. A. McCandless, Superintendent of Public Works

| am nominated by the people of this island to be one of the Sanators [sic] from this island; and | write to
inform you that | resign from my office as Chairman of the Road Board of Kau - S. Kauhane [on
Hutchinson Sugar Planation Co. letterhead, Naalehu]

To McCandless Naalehu January 21, 1901

...report from the Kau Road Board year ending December 31, 1900. During the year aforementioned new
roads have been constructed...viz.

2. From Waiohinu to Kahuku — 6 % miles at a cost of $4350 turned over to and accepted by this Board July
1900.

3. From Kahuku to Kona — 10 miles at a cost of $7777 turned over to and accepted by this Board July 1900.
Superintendent C.S. Holloway Kailua-Kona, January 21, 1905

[Chair of Kau Board] telephoned me to write you that he considers the most crying need of Kau are...and
the top-dressing of the road from Kahuku to Kona over the aa flows. This latter work must necessarily be
expensive owing to the nature of the country and the difficulty of providing water and feed for stock etc.
He figures it may take $35000 to properly crush and apply dressing to the same — G.G. Kinney, Secretary
Kau Road Board

Jeep roads and foot trails in the area are highlighted in John Clark’s description of the coastline:

The beach at Humuhumu Point and the beach at ‘Awili Point are collectively known to most area
residents as Road to the Sea. Road to the Sea, a 7-mile-long cinder road, begins at the western
edge of Hawaiian Ocean View Estates and ends on the shoreline of Humuhumu Point. It is one of
the few mauka-makai access routes in Ka’i to the ocean... Awili Point is said to be one of the
better ulua grounds when these fish are running in Ka %,

Behind ‘Awili Point, a trail leads from the jeep road across the ‘a‘G to Na Pu‘u a Pele and climbs
directly over the summits of these massive hills....A series of brackish-water ponds lines the
backshore, and a number of habitation sites that comprised portions of the former Keawaiki
village also occupies the area. The trail from Na Pu’u a Pele leads down to Keawaiki, where it
crossed the shoreline trail heading back to the beach at ‘Awili....Beyond Keawaiki and the
remnants of an old bombing target-range marker, a jeep road follows the rocky shoreline toward
Kaund Point...””

Boundary Commission Testimonies

In 1862, a law was enacted establishing the Commission of Boundaries (the Boundary Commission). The
Commission’s goal was to legally set the boundaries of all the ahupua”a that had been awarded as
private properties in the Mahele ‘Aina. R.A. Lyman, Commissioner for the Island of Hawai'i between the
1860s to early 1900s, noted a commissioner’s responsibility to "determine certain geographical lines,

’8 Clark 1985:80-81
7 Clark 1985:82

38 | Page



that is, he is to ascertain what, in fact, were the ancient boundaries of lands, which have been awarded
by name only®." Furthermore, the Commissioners were, whenever possible, to determine and "assign
whatever was included in such land according to the boundaries as known and used from ancient
times®". This charged the commissioners with addressing not only land matters, but also those of
fisheries, and a wide range of resources and practices as known from ancient times®.

In order to accomplish their mandate, the commissioners were to identify knowledgeable native
residents and kamadina from whom detailed testimonies and descriptions of the lands and rights could
be recorded. This process produced thousands of pages of firsthand accounts describing many facets of
land use; residency; beliefs and customs; changes in the landscape in the period from ca. 1790 to 1890.

The primary informants for the boundary descriptions were elderly native residents of the ahupua‘a for
which boundaries were to be certified, or of neighboring lands. Nearly all of the informants stated they
were either born on one of the lands being described, or that they had lived there since their youth. All
of the witnesses learned of the boundaries either from their own elders, or from others who resided
there in the preceding generation. Nearly all native witnesses described the landscape by the nature of
the terrain, resources present, land use, and features which were of significance to the kamadina.

Most of the testimonies were taken 1873 between 1893 though some were recorded in the early 1860s.
The oldest informants were born around 1785, based on association with events described at the time
of their birth, and the youngest around 1830%.

Silva writes of the importance of having an intimate knowledge of Kahuku ahupua'a boundaries, “as
they [informants] discovered that whatever they had obtained outside of these boundaries were quickly
confiscated and handed over to the konohiki of the respective district. Testimonies reflected much
activity—bird catching in the uplands for the uwao and néné, collecting of sandalwood, felling of timber

84,

for carpentry from the koa woods, goat-catching, gathering of fern pulu, etc...®™” She quotes an aged

canoe-maker:

...In ancient days the people of Kahuku did not go fishing, but were after birds of all kinds to eat
and this is the reason all the land on the mounatin belonged to Kahuku. My Makuaponoi and
others always took their weapons with them as they used to have fights, when they found people
from other lands catching birds. The sandalwood belonged to Kahuku; there was none in Kona
except on Kapua, and when the other Kona people came on Kahuku after it the Kahuku people
would take it away...85

80 Lyman, 1900 Volume D No. 5:35

8 Lyman 1897 — Volume D No. 5:101; cf. Supreme Court, 4th Hawaiian Reports
8 Maly 2003:319

® Ibid.

# Silva IN Haun and Walker, 1987:D-5

% Ibid.
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Another informant stated at one time uhu (parrot fish, Scarus perspicillatus) was the kapu fish and koa
(Acacia koa) the kapu wood for the district. Mamo (black Hawaiian honey creeper, Drepanis pacifica)
and '0°0 (black honey eater, Moho nobilis) birds apparently flouished in the upland woods. Several
informants cited Kamehameha lll traveled to Kahuku and in 1835 a tribute of mamo feathers was given
to him at the boundary between Manuka and Kahuku®.

Transcriptions of English testimonies are presented in Appendix B of this report. These boundary
commission testimonies are presented here due to their relevance to the project area due to their
coastal focus:

Kahuku, Kau District
Kumauna, sworn: ...The sea bounds Kahuku on the makai side and the land had ancient fishing

rights. The cave Kanupa is between Puulonolono, Puukeokeo and Pohaha on the aa; a hill called
Hapaimamo is on Kahuku and the boundary between Kapuhonu and Puuohia runs makai of this
hill. | am an old canoe maker... In ancient days the people of Kahuku did not go fishing, but were

dfter birds of all kinds to eat and this is the reason all the land on the mountain belonged to

Kahuku. My makuahonowai and others always took their weapons with them as they used to

have fights when they found people from other lands catching birds. The sandalwood belonged to
Kahuku... [Volume A No. 1:141-142]

J. Kaulia, sworn: | live at Waiohinu, Kau, and according to my parents' statement, | was born about
three years after the missionaries first arrived on the Islands. Am kamaaina of Kahuku and some
other lands in Kau. In 1848...Pipi ordered me to inquire about boundaries of land as it was at the time
they were setting apart the jia kohu [select fish] and the Laau kohu o na Konohiki [select tree of the
Konohiki]. Pipi had lived in Kau a long time, and told me the boundaries. He said Kalaehumuhumu was
the boundary between Manuka and Kahuku, and Kaumuuala between Kahuku and Pakini... Haumea
was Konohiki of Kahuku at that time. Uhu ia kohu [Uhu was the select fish] and Koa laau kohu [Koa
the select tree]... Afterwards | came to live at Kaanaholua (near Pohakuloa) on Kahuku and near the
boundary of Manukaa and Kahuku, catching goats... [Volume A No. 1:145]%

Land Grants

Under the Kuleana Law, commoners were required to present their land claims to the Board of
Commissioners to Quiet Land Titles by February 14, 1848. For those who failed to make application by
the closing date, government lands were made available for purchase. After 1855, large grants were sold
for as little as 10 or 20 cents per acre. Between 1852 and 1879 148 land grant purchases to 123
individuals were made in Ka'a®. On July 8, 1861 184,298 acres of Kahuku, the entire ahupua'a was
assigned by King David Kalakaua to Charles Coffin Harris under Patent 2791 for $3,000. As with most
grants it recognized the “ancient boundaries” and reserved “the rights of native tenants®.” Harris, a

graduate of Harvard learned the Hawaiian language and set up a law practice in Hawai'i. His service to

* |bid.

¥ Maly 2003:326

® Index... 1887:900-94

8 Microfilm Reel 4,2013-2937:237, Grant Book 10:431 to 13:530
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the kingdom included Minister of Finance, Minister of Foreign Affairs, Hawai'i’s first Attorney General,
Associate Justice of the Supreme Court, and then Chief Justice, 1877-1881, police magistrate and
legislative member. Kalakaua studied law under Harris at the age of 17 making it no surprise Harris

became the King’s adviser®®. While no record of Harris' activities in Kahuku could be found the land may
not have been used for ranching until the next owner.
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Kahuku Ranch

Ownership of Kahuku Ranch transferred from Harris to Theopilus Brown of Groton of Connecticut on
April 3, 1866 for the price of $5,250°". Theopilus’ brother Captain Robert Brown (not to be confused
with the previously cited Captain J. Brown) operated the Ranch bringing his family with him. Tax records
reveal Robert paid taxes on 364,000 acres referred to as Kahuku Ranch, indicating a sizable increase
from the acreage purchased from Harris. A visitor to the ranch during these years was Mrs. Alura Brown
Cutler wrote the ranch had miles of stone walls enclosing gardens, cattle yards, calf pasture, goat and
pig pens. The gardens contained fig and peach trees as well as bananas and mulberries. She reported
the house was located seven miles from the sea and five stone houses for families working for the ranch
were provided®.

Hawaiian Volcano Observatory provides a synopsis of the onslaught of natural disasters that befell Ka'a
in 1868, devastating Kahuku and the Brown family:

On Friday, March 27, 1868, at 5:30 a.m., several whaling ships anchored in Kawaihae Harbor
noticed a dense column of fume reflected by a bright light southwest of the summit of Mauna
Loa. An eruption near Moku aweoweo had taken place, lasting several hours before subsiding.
Pele's hair had drifted down upon the residents of Ka‘l and South Kona, indicating the presence
of lava fountains above.

In near synchrony with its larger neighbor, Kilauea Volcano began to shake at 10:00 a.m. the next
day with a series of earthquakes that increased in intensity for several days. Cracks appeared
around the summit of Kilauea; the level of the lava lake in Halema uma'u fluctuated rapidly.
Stone walls collapsed, houses shook, and trees vibrated.

The largest historic earthquake in the Hawaiian Islands happened at 3:40 p.m. on April 2. The
earthquake had an estimated magnitude of 7.9. Clocks stopped on O‘ahu. At Kohala, the shock
was so strong that it stopped all of the engines at the Kohala Mill, including the 75-horsepower
main engine. All over the Island of Hawai‘i, the effects were felt as a large portion of the coastline
from Honu‘apo to Kapoho subsided 1.2 to 2.1 meters (4 to7 feet).

Coastal villages were inundated by a huge tsunami, at places over 15 meters (50 feet) high. The
coastal villages of ‘Apua, Keauhou, Punalu‘u, Ninole, Kawa‘a, Honu apo and Ka‘alu‘alu were
destroyed. There were five large waves in succession. The largest came first. A total of 75 people
and numerous animals were swept out to sea and drowned.

Along with the coastal subsidence and tsunami, the earth at Kiolaka ‘a, near Wood Valley, broke
loose and slid 300 meters (1,000 feet) down from the summit and southeast side of the hill onto
the valley below, covering houses and trees. This event, known as the mud flow, buried people,
horses, cattle, goats and sheep under a thick layer of mud. The mud flow was 5 km (3 miles) long,
as wide as 1.5 km (1 mile), and varied in thickness from 1 meter (3 feet) to 27 meters (90 feet).

' Moulds-Carr & Langlas 2005:56
* Ibid:59

43 | Page



All stone walls and dwellings in Ka‘li were flattened by the earthquake; people and animals were
thrown down, and ground cracks appeared throughout Kilauea and in the district of Ka‘a.
Landslides occurred island-wide, and plantation chimneys in the Hilo area fell down. Aftershocks
almost as violent as the April 2 event hit at 12:20 a.m. and again at 12.45 a.m. on April 4.

At about 5:00 p.m. on April 7, a great crack opened along Mauna Loa's southwest rift zone
above the Captain Robert Brown ranch in Kahuku. Lava gushed from the earth and flowed
directly toward the ranch house. Captain Brown, his wife, and nine children ran for their lives
as the molten flood engulfed their home. Within three hours, the flow reached the sea, a
distance of 17 kilometers (10 miles) from the vent”

Prior the earthquake and lava flow, daughter Amanda had died and was buried in Kahuku. Saying no
child of his should rest in such a grave, Captain Brown, with the help of a couple of laborers, uncovered
the grave and removed the body to a regular cemetery.

Figure 4 — Captain Robert Brown at Amanda’s gravesite post 1868

H.M. Whitney described the scene of the eruption in Kahuku:

..At the left were these four grand fountains playing with terrific fury, throwing blood-red lava
and huge stones, some as large as a house, to a height varying from 500 to 1,000 feet...

%% http://hvo.wr.usgs.gov/volcanowatch/1999/99 07 22.html
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Then there was the rapid, rolling stream, rushing and tumbling like a swollen river, down the hill,
over the precipice and down the valley to the sea, surging and roaring like a cataract, with a fury

perfectly indescribable... o

Kahuku Ranch foreman Swain who would later become a Deputy Sherriff provided this account of the
eruption and their escape to a Hawaiian newspaper:

The house had been knocked to pieces by the great shake, so we rigged up a light shelter in the
yards. Suddenly, one evening, a few days later, it was as light as day. We knew that the lava had
broken through the mountain at last, and also that the break was not far from us, for we could
hear the lava pouring out. Captain Brown started off immediately with his family...I saw that they
were going towards Kona and started after them. | had gone but a few feet when suddenly the
thought came that there was not water that way, and | shouted: “The other way.” They turned
without a word...We had just reached some high ground when the lava came down past us with a
rush like a freshet of water. Had we gone the other way we would surely have been lost™.

Shortly after the disaster Rev. Titus Coan visited the scene of the lava flows in the uplands of Kahuku,

houses standing near the shore...at Kailikii*®.”
Subsequent lava flows impacted Kahuku Ranch as provided by this synopsis provided by the Hawai'i
Volcano Observatory:

The 1868 flow destroyed the house of Capt. Robert Brown, who was managing the ranch for his
brother, Theophilus. The flow advanced so quickly on the house that Captain Brown and his family
escaped with only the clothes on their backs.

Soon after the eruption, Theophilus sold the ranch to a hui (group) that included George Jones,
who bought out his partners’ interests to became sole owner in 1877.

Another Mauna Loa eruption in 1887 produced an ‘a‘a flow to the west of the 1868 eruption.
From vent to ocean, the flow advanced 24 km (15 mi) in about 29 hours and came close — but did
not damage — Jones’ residential compound.

The real impact of the 1887 eruption on Jones’ ranch was the flow of sightseers. George was
known as a very hospitable man and, for several weeks, was forced to suspend operations in
order to accommodate the hordes of curious visitors.

About a year-and-a-half after the 1887 eruption, Jones sold the ranch to Col. Samuel Norris.
Norris, described as eccentric and peculiar, was not hospitable to his fellow Caucasians. Another
Mauna Loa eruption in 1907 produced lava flows to the west of the 1887 and 1868 flows, further
reducing pasture lands. Tourists flocking to the new flows were not welcomed by the new ranch

owner.

** Whitney 1868:113 IN Kelly 1969:35
» Rice, 14 IN Moulds-Carr & Langlas 2005:60
% Coan 1869:95 IN Kelly 1969:36
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Norris was 66 when he bought the ranch. In 1910, when he realized he was dying, Norris
essentially gave away the ranch, “selling” it to his long-time friend, Charles Macomber, for a
dollar, complaining that lava flows had devalued the property. Norris died a few months later.

In 1912, Macomber sold the ranch to A.W. Carter (making a profit of $89,999) for inclusion in the
famed Parker Ranch.

The upper reaches of the ranch were overrun by lava in 1903, 1916, and 1926 but these eruptions
did not precipitate a sale as the earlier ones had. After 1947, Kahuku Ranch changed hands two
more times before the 2003 acquisition and addition to Hawai‘i Volcanoes National Park”.

The deed transferring ownership from Brown to William H. Reed and Charles E. Richardson describes the
land use and boundaries of Kahuku:

bounded on the East by the Lands of Pakini, on the West by Manuka andextending to the
Mountains according to the Ancient boundaries of the said Land of Kahuku . . . together with all
the rights privileges appurtenances and improvements to the said Land of Kahuku belong and
with rights of fishing and rights in the Sea to the said Land of Kahuku belonging together with all
Cattle, Wild Goats, Horses, and other Stock belonging to the said Theophilus Brown on the said
Land of Kahuku . . . and reserving the Kuleanas of native tenants . . . [and] It is understood that
Lorenzo Marchant holds a Lease of the Goat run on the Land of Kahuku aforesaid West and North
of the recent Lava flow for the term of Four Years from the 1st day of January AD 1871 at a yearly
rental of 5200 per annum payable half yearly - the rent of which from the 1st day of September
AD 1871 is to be paid to the Grantee of this deed”™.

Details of Jones’ tenure of the ranch are captured in NG wahi pana o Ka'a an oral history project at Ka'i
High School:

Between 1871-1876 the Volcano House builders, George W. Calhoun Jones, a Hawaiian named
Kaina, and Jules and Charles Richardson (of Kapapala) bought Kahuku Ranch from the owner,
Captain Robert Brown. At that time Kahuku Ranch consisted of 184,000 acres that stretched from
Mauna Loa to the ocean. George W. Calhoun eventually bought out his partners and became sole
owner of Kahuku Ranch. Jones and his associates erected two dwellings that housed him and his
family for seventeen years. The main home was a story-and-a-half cottage...

Along with the 184,000 acres that Jones owned, he leased 60,000 adjoining acres from the
Princess Pauahi Bishop Estate. Many different animals roamed around this vast area, such as
white-faced Herefords, red and roan Durhams, speckled neck Ayshires, black and white polled
Angus, and herds of horses, mules, oxen, and donkeys. Sheep and angora goats were also raised,
mostly for their wool, and pigs and chicken for domestic purposes. They hunted wild turkeys,
geese, quail, and chickens that ran free on the lowlands of the ranch. Kahuku had a forest that
had many different native trees. There were kukui trees, which supplied them with candle nuts for
torches and relishes. There was also koa and kou, which were used to make canoes and some of

9 http://www.hawaii247.com/2010/10/29/volcano-watch-lava-flows-cow-pastures-coexist-in-kahuku/
% Deed BK 34:47-8
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the furniture; ‘0hi‘a trees, which provided firewood for the stove; and sandalwood which they
used for bartering.

Kahuku Ranch had many visitors; among them were Charles R. Bishop, Sanford B. Dole, and King
Kalakaua’s brother Prince Leleiohoku. Also Princess Kai‘ulani and her mother Princess Likelike
visited Kahuku for several days before Princess Kai‘ulani left for school in Eng/andgg.

Samuel Norris’ ownership and sale of Kahuku Ranch reflected his litigious nature:

His litigation experience in Hawaii started in the spring of 1890 with a case entitled G.W.C. Jones
v. S. Norris (8 Hawaii 71). Jones had sold Norris the “Kahuku Ranch” by warranty deed dated
September 21, 1888, together with buildings, cattle, horses and other livestock, agricultural tools
and implements situate thereon. The question involved in this case was as to who should pay
taxes which were in lieu but not yet due at the time of the sale. In deciding in Norris’ favor on May
5,1890..""

Hawaiian Agricultural Company v. S. Norris (12 Hawaii at p.229 in 1899) was a suit for specific
101

performance of an alleged contract to sell the Kahuku Ranch for 100,000
His ranch was handled in a very slipshod fashion, the livestock running wild and often being
stolen. Shortly before he died at the age of 88 he sold his cattle to a man by the name of Samuel
Kauhane for 530,000 of which half was cash and half in promissory notes. After his death the
ranch was sold to Alfred W. Carter for the Parker Ranch for $90,000.

Some years after the settlement of this matter | visited the Kahuku Ranch and saw Norris’
residence. It was in the region subject to lava flow from Mauna Loa. In one flow the lava...[kipuka
description] while there was some pasture on his ranch, the lava situation was such as to make
the land of no great value in spite of its enormous extend, said to have been 180,000 acres"”

As cited above A.W. Carter purchased Kahuku Ranch for inclusion to Parker Ranch in 1912. During this
ownership 1200 head of cattle were largely run on the land nearest the highway, marginally using the
land above the 1,400 foot elevation'®. On February 6, 1947 Parker Ranch sold Kahuku to James W.
Glover founder of the general construction firm bearing his name for $365,000. During his ownership

104 " After Glover’s

Glover planted koa for logging and continued the installation of smooth wire fencing
death, the ranch was sold under court order by the Hawaiian Trust company, the executor of his estate
to pay estate debts including inheritance taxes amounting to almost a million dollars. The trustees of the

Samuel M. Damon Estate made the winning bid in 1958 as reported in this Honolulu Star-Bulletin article:

* MouldsCarr & Langlas 2005:60-61
190 “samuel Norris: Litigious Pioneer” IN California Historical Society Quarterly v. 26, 1946:225
101 ...
ibid:226
2 ibid:227
103
Ewell 2010:10
% Ibid.
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With an offer of 51,363,630, trustees of the Samuel M. Damon Estate were the successful bidder
for the 158,000-acre Kahuku Ranch in the Kau district on the Big Island today.

The ranch is almost as large as the entire island of Molokai.

The ranch was sold under court order by the Hawaiian Trust Company, executor of the estate of

James W. Glover, late owner of the ranch, to pay estate debts, including inheritance taxes

amounting to about 51 million.

Bids were opened by Circuit Judge William Z. Fairbanks. Only the Damon Estate and Dr. Estridge,

Wonsik You, and Associates, a Honolulu real estate concern, made offers on the ranch properties.

The You Associates made an initial bid of 51,203,250, which was later increased to 51,270,550.

The Damon Estate’s offer was about $93,000 higher. The sale was approved by Judge Fairbanks.

Terms of the successful bid include a $350,000 cash down payment; $350,000 cash when trustees

receive copies of the order approving the sale, and the balance in cash on delivery of deeds and

evidence of title.

The bid included an offer of 774,130 for the land and $589,500 for 2,700 head of cattle, a water

system, buildings and fencesm .

5

On July 3, 2003, the National Park Service partnered with the Nature Conservancy to purchase the
116,000-acre Kahuku Ranch from the estate of Samuel Mills Damon as an addition to Hawaii Volcanoes
National Park. The $22 million transaction -- the largest land conservation deal in Hawaii's history --

increased the size of the park by 50 percent to 333,086 acres. Now known as the Kahuku Unit of the

national park, the property runs along the slopes of Mauna Loa'%.

Place Names

Mary Kawena Pukui noted on a list of place names compiled by J. S. Emerson they were from Ka'a'”".

Those near or within Kahuku are provided here:

Table 3 — Place names compiled by Emerson

Name Ahupua’a Notes
Akihi Kahuku A peaked mass of rock
Auhuhu Manuka A fish poison. Many years ago this vicinity was densely populated the

kama'aina raising great quantities of taro, the auhuhu growing wild. The
residents used to take loads of pai‘ai with quantities of auhuhu to
Kamilo at that time the rendezvous of the fishermen from Naalehu to

1% “Damon Estate Bid Buys Big Isle Kahuku Ranch” Honolulu Star-Bulletin September 18, 1958

106

107
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Kahuku. They traded their products for fish. The fishermen would
pound up the auhuhu and scatter it on the surface of the water, in a
few minutes the fish would float on the surface, dead. They were
gathered and taken ashore where the women immediately removed
the stomach, this would prevent the poison from injuring the flesh.

Ka“ai uwiuwi Kiolaka'a There was much ti root grown here, when placed in a calabash with
water it would ferment and if indulged in caused drunkenness, the
eating seems to suggest that they ate the pulp.

Napalua Kiolaka'a So named for two adjoining hills which characterize the place.

Ka lae koa Kiolaka'a A cape of koa trees.

Kalua olai Pakini Iki A deep hole and fissure caused by the disturbance during the flow of
68 [1868]

Ka punohu Kiolaka'a A cloud resting on the surface of the sea.

Ka puu nui Kiolaka'a A big hill.

Ka wai hou Kahuku New found water-hole.

Kilohana Kahuku Beautiful view.

Lolena nui Kiolaka'a A lazy loafer; a man of this character lived here.

Po oki‘a Kahuku Robber’s den, where the thieves used to cut off the victim’s head.

PuaA'o Kiolaka'a Hill of the A’o bird

Puuo Kahuku Hill of the heavy rains

Lokuana

Archaeologist Lloyd Soehren’s compilation of place names are culled from land commission and

boundary commission testimonies, USGS maps, and other publications are presented in Appendix A.

Their locations are georeferenced on this map:

49 | Page







" juiod Arepunoq ejemn,nui

5 <epanuney,” ¥

1
I*

8 ki




While named more recently the fishing area known as “Hosaka Point” or “Eddie Hosaka” fronting the
summit of Pu’u KT is one of the most productive ulua fishing grounds in Ka'u. John Clark provides a
biography of Hosaka and the place’s attribution to him:

Edward Y. Hosaka was born and raised in Hawai’i and attended the University of Hawai’i at
Manoa in the early 1930s. After earning a master’s degree in 1934 he became an agronomist
with the University’s Extension Services, specializing in pasture management. In time he became
recognized throughout the Pacific as an authority on pasture grasses for cattle. His work took him
often to the Big Island and into the remotest areas of many of the island’s large ranches. In these
areas, when his work was completed, he often went shoreline fishing, one of his greatest
pleasures. Hosaka, regarded as one of the finest ulua fishermen of his day, often fished at Pu'u Ki,
located on the shoreline of Kahuku ranch, and it was there at the age of 55 while doing what he
loved best, that he suffered a stroke. Taken immediately by his companions to Hilo Hospital, he
died on July 23, 1961. Since that date the point has been known as Eddie Hosaka.

In addition to his work for the University, Hosaka was for many years an honorary associate in
Botany at the Bishop Museum — and also an author. Probably his best known and most widely

circulated work in “Sport Fishing in Hawaii,” first published in 1944 and still considered one of the

standard works on fish and fishing in the Hawaiian Islands®

Site Documentation — 20" century

Archaeological Surveys
In 1919 John F. G. Stokes conducted a survey of heiau on the island identifying two within Kahuku:

Halepohaha Heiau
Bishop Museum Catalogue: 50-Ha-B23-100
State of Hawai’i Catalogue: 3657

Heiau of Halepohaha, land of Kahuku, Ka'i. Described as being on the west of the lava
flow of 1887, 3 or 4 miles north of the Kona-Ka'G road. Said to have been used for
human sacrifices and to have been built by "Umi.

Malino Heiau
Bishop Museum Catalogue: 50-Ha-B22-4

State of Hawai'i Catalogue: 3657

1%8 Clark: 1985:79
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Heiau of Malino, land of Kahuku, Ka'a. Described as located above Kaunakaumaha, near
the boundary of Pakini nui ,and south of the Kona-Ka'i road'®.

The location of these and other heiau in Ka'G are shown here:

HILO A

HAMAKUA

Kohiikalani

P3pimoana

Halepghiha

*Pu‘uokoihala

Molitele” KA‘U DISTRICT
Kalalez HAWAI'IISLAND

Figure 6 — Location of heiau in Ka‘l as reported by Stokes

The earliest archaeological surveys within the project area appear to be an excavation in July 1958 by
William J. Bonk and Yoshiko H. Sinoto. Bonk and Sinoto excavated Site H59 (HRHP Site 3654) at Pohue
Bay, the results which were not published.

1% stokes & Dye 1990:113
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A 1970 proposal for a formal archaeological survey of an area approximately one mile wide between Lae
o Humuhumu and Kalepe a Moa, a distance of some six and half miles, by the Department of
Anthropology at the Bernice Pauahi Bishop Museum noted 48 sites in the area: the two heiau previously
noted by Stokes; one shrine; 18 house sites and platforms; ten lava tube shelters; five burials; and five

110

fields of petroglyphs . These finding were based on surveys conducted by staff field trips between

1954 and 1965. During one such field trips to the island, J. H. Cox recorded several hundred petroglyph

111

units located in the vicinity of Pohue Bay~". While the images included amorphous figures, dots, circles,

abstractions, fans, crabs, ships, rubbing holes, dates, and names were also identified.

Bishop Museum staff field trips included those made by Violet Hansen and Roger Green of the coastal
portions of Kahuku. Hansen and Green recorded 33 sites including walled house sites, cave shelters, five
burial platforms, trails, anchialine ponds, and petroglyphs in the vicinity of Pohue Bay and Kahakahakea.
The 1962 notes of Violent Hansen for the burials are as follows:

Burial No.: F[eature].2 & B[urial].1

Size of grave: 7 ft. x 12 ft., 1ft. to 5 ft. high

Remarks: Jeep road along the north side, burial situated on a slope, 1 foot high at the north end to 5 feet
high at the south end. Condition good. November 9, 1962

Burial No.: F[eature].6 & BJ[urial].2

Size of grave: 11 ft x 12 ft, 3 ft. high

Remarks: One of 3 burials measured situated on top of Puu 025° and approximately 500’ from the south
corner of leveled area. Coral on top. November 10, 1962

Burial No. F[eature].8 & BJurial].4
Size of grave: 4 ft x 5 ft, 2 ft. high
Remarks: None

November 10, 1962

Burial No. F[eature].7 & BJurial].3

Size of grave: 11 ft x 13 ft, 3 ft. high

Remarks: On top of Puu Puu 025°, approximately 500 ft from south corner of leveled area, collapsed
center, coral on top. November 10, 1962

Burial No. F[eature].22 & BJurial]5

Size of grave 7 ft x 10 ft, 3 ft. high

Remarks: Facing of water-worn stones, northwest corner disturbed, coral on top, crack along the south
side. Condition fair. November 15, 1962

1o Bishop Museum Archives: Anthropology manuscripts, Group 7 Box 19.4

111 cox 1970:80, 82
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The locations of these burials are indicated on the following sketches. Burials identified as F[eature] 6, 7,
and 8 are located within the circle near “Wall” above P6hue Bay. This sketch also shows the location of
a petroglyph field identified as Feature 40 near Pu’u K.
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Figure?7 - Sketch showing location of burials identified as Features 6-8 above Pohue Bay

Included in this sketch is a foot trail described in detail by Hansen who surveyed it with kama'dina
William Meinecke in 1957 and 1965. Hansen’s notes describe it commencing
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“approximately 4200 ft. Kona side of Pu'u Kamaoa triangulation station (19.05n — 155.46w)
makai side of high-way...Trail goes south and slightly west over an old aa flow for about 7000 ft.
then it begins to fade out as you enter a grassy kipuka....There is a possibility that the trail
continues on down to Kanonone also going by or very near to a cave shown on Pohue Bay map at
the 800 ft. contour line, 1 % miles west of the present Pohue Bay jeep road.

Returning to the high-way we checked the mauka side. We were unable to pick up any trail on
this side though we both felt that the trail could have continued on up in a north-east direction for
one mile to Waiahuli, a waterhole. This mauka side of the high-way is now the Hawaiian Ocean
View Estates subdivision and a great deal of bull-dozing has taken place.

From this trail, now called the Kanonone Trail, going west and slightly north along the high-way
for a little over 2000 ft., mauka side is another waterhole called Ohiawai. Waterhole is shown on
map by not named. The name Ohiawai gotten from Mr. Otto Brithaupt and verified by Mr.
Meinecke.

Notes from an earlier trip to Kanonone Bay, Kahuku, in 1957.

There is a trail over aa lava going mauka from Kanonone. Trail is not shown on Hoopuloa map
scale 1:62500 nor the Pohue Bay map scale 1:24000.

The present jeep road going from Pohue Bay north-west then west passes over this trail. You are
able to pick up the trail from jeep road 2000 ft. north of Kanonone Bay. About % mile up this trail
you come to a fork, one trail bearing Kau side the other Kona side. The Kona side trail appears to
go in the direction of the above mentioned cave. Getting yourself into a high place and with
binoculars you are able to see the entrance of the cave. This fork in the trail very easily be missed.

We checked the Kau side trail for about an mile then it disappears as you enter a kipuka of
pahoehoe lava. Checked two large lava tubes, apparently used only by goat hunters.

It was on our way back that we discovered the fork in the trail and by that time it was too late to
check the Kona side trail™*.

A tracing of a map with the scale of 1:24000 of the same area provides additional feature locations as
well as the name of the water hole, Kanonone. The other features in this area include house site
platforms; circular pens; a cave near the coast referred to as “Glover Cave; Malino heiau; the Old
Government Road remains in a kipuka made by the 1907 flow; and the foot and horse trail leading to
Hawaiian Ocean View Estates described above. A contemporary reporting of the 1907 flow from the
Hawaii Tribune Herald is presented here.

Yesterday the lava reached the sea. It appears that in its course that stream of fire has done much

damage to the Kahuku Ranch, that vast tract owned by Col. Samuel Norris. The flow is described

as having split into three rivers and to have gone over the flows of 1887 and 1868™%,

1 Bishop Museum Archives: Anthropology manuscripts, Group 7 Box 19.4

' January 15, 1907
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Figure 8 — Sketch depicting trails and road as well as archaeological sites

This sketch is overlaid onto an aerial to show the terrain is presented here as Figure 9

[xxx 006].

Figure 9 — Bishop Museum sketch overlaid onto aerial
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A burial identified as Feature 22 is located in the area referred to as Kahakahakea can be seen located at
the edge of a “flow older than 1887” in this sketch:
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Figure 10 — Sketch of sites near the 1887 lava flow
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Also in the Kahakakea area are house sites, shelter caves, a bubble cave and a shrine identified as
Pohaku o Kane, as well as a water hole. The preceding sketch is overlaid on an aerial

58 | Page






Continuing south along the coast is an area referred to as Hopeloa containing a kahua (foundation) hale,
a cave and wall shelter, and petroglyphs:
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Figure 12 — Sketch of the sites and trails near the southern boundary of Kahuku

This sketch overlaid on a U.S.G.S. quad map shows the relation of the foot trails to the lava flow:
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Figure 13 — Bishop Museum sketch overlaid a USGS Quad of the project area
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The heiau Halepohaha identified by Stokes is located near the cinder hill Halepohaha visited by Violet
Hansen in 1964 bounded by the 1887 lava flow on the east and the 1907 flow on the west. At the top
the name “KAIAMA” was carved into flat slabs of lava. According to Meinecke a man by this name
known as “the strong man of Ka'i” was a police officer stationed at the Waiakea waterfront where he
effectively kept law and order. The children of Ka'G, when playing as strong-man and beating their
chests would say “Kaiama” the way children today would say “Tarzan'**.” This pu'u and heiau are
outside of the project area.

In the summer of 1965 Lloyd Soehren also with the Bishop Museum with National Science Foundation
support conducted excavations of two cave shelters at Kahakahakea — Sites H65 (3635) and H66 (HRHP
Site 3636). Site H65 yielded radiocarbon dating from the 14™ and 5™ century, the latter Soehren rejected
as being too early. However, based on dates recorded for South Point, Kirch believes the 5t century

115
d

date should not be discounted ™. Soehren also explored a large tube in the vicinity of H65 finding in a

nearly inaccessible chamber of the tube an upright wooden pole with a gourd on the upper end, and
two-piece fishhook and strands of human hair'*®.

Violet Hansen recorded a “ramp like structure” on September 3, 1966 at POhue Bay she postulated as
used for drying hides due to the large amount of scattered bleached goat bones, horns, wire and fence
posts she found at the site in 1957,

In 1970 Dr. Kenneth P. Emory, Director of the Bishop Museum provided an inventory of archaeological
and historical sites in Kahuku, recommending “These ruins at Pohue Bay should be treated in a similar
way to those at Waiahukini, i.e. surveyed, mapped in detail, evaluated, some excavated for the purpose
of reconstructing as much as possible the ancient Hawaiian life in coastal village settlements in this type
of environment.” His inventory includes:

3646 (B23-35) Hopeloa (Puu Hou Quad, 75)
A shelter cave, located 2000 feet southeast of Hopeloa
3640-45 (B23-29 to 34) Hopeloa

Four shelter caves, one of which is walled, one house platform, and one small cluster of
petroglyphs (B23-24, Cox, 1970:82). The sites —p13 are located on the Ka’l side of the 1887 lava flow.

3648 (B23-41) Kahakahakea
Petroglyphs, consists of a few human figures and letterings (Cox, 1970:82)

3635 (B23-24) (H65) Kahakahakea

" Field Report August 5, 1964, Bishop Museum Archives: Anthropology manuscripts, Group 7 Box 19.4

Kirch 1985:87
Kirch 1985:160-161
Bishop Museum Archives: Department of Anthropology manuscripts, Group 7 Box 19.9
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Shelter cave situated in the entrance of a lava tube, excavated by Lloyd Soehren of the Bishop
Museum in the summer of 1965, yielding radio carbon dates of A.D. 420 + 100, and A.D. 1355 + 80.
Report in preparation.

3636 (B23-25) Kahakahakea

Shelter cave situated in a lava blister. Excavated by the Bishop Museum in the summer of 1965.
Report in preparation.

3637 (B23-26) Kahakahakea

Shelter cave situated in a lava blister. The floor of this cave has been disrupted by artifact
hunters.

B3638 (B23-28) Kahakahakea (Pohue Quad 72)

A small shrine, consists of a single upright water worn stone surrounded by pieces of branch
coral. A feature which should be preserved.

3647 (B23-40) Pohue Bay

On pahoehoe, inland and east from sandy beach, and on trail toward east (north of cinder cone)
at edge of depression also west of bay. Wide variety of figures, dots, circles, abstractions, fan, crabs,
ships, rubbing groves, dates, and names. There are several hundred units (Cox 1970:80, 82). This is one
of the important petroglyph areas on the island of Hawaii because of the extent of the area and the
variety of figures. It may not only represent of favorite stopping place on the way around the island, but
mark the area as of some special significance for the early Hawaiians. The area should be set aside.

3639 (B23-27) Pohue Bay

A shelter cave located 1/3 mile inland from Pohue Bay. Significance; The floor of this shelter
holds the possibility of dating the span of occupation of this bay area. If not already vandalized, it should
be protected and archaeologically excavated.

3612-27 (B23-1 to 16) Pohue Bay Settlement Complex

This complex is composed of eleven house sites, four burial platforms, and two circular pens.
They are grouped around Pohue Bay and along the shore eastward. Petroglyphs are scattered between
the sites and include papamu as well as some modern writing. —p14

Significance: This cluster of sites indicates a village settlement accommodating more than fifty
inhabitants, and their adaptation to the terrain of this bay area. Excavations should reveal the time span
of occupancy.

3654 (B23-47) (H59) Pohue Bay

A small shelter cave formed by a break in a lava tube at the head of the bay. A test pit made in
July of 1958 yielded midden material and artifacts dating back to the early period of Ka’l settlement.
Significance: This site, if not already vandalized should be reserved for archaeological excavation. In
1958, it offered the best chance of readily obtaining the date of occupancy of this area from the
beginning and also artifacts in use during the period of occupation.
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3649-53 (B23-42 to 46) Pohue Bay

This group consists of a shelter, a pen, a paved foot trail along the coast from Pohue Bay
westward to a waterhole about 2,000 feet away. Significance: This complex illustrated typical activity
adjacent to a waterhole, as do the sites at Keawaiki. The shelter is still useful. Both the shelter and the
trail should be preserved.

3655-56 (B23-48 to 49) Pohue Bay

About 600 feet directly inland from the shore, a number of walled structures, which could
provide shelter, indicate a camp site. A papamu and a scattering of linear human figure petroglyphs
further assure their use. Significance: These structures illustrate how the Hawaiian accommodated
seasonal visitors or an overflow of guests.

3657 (B23-50) Kahuku
Heiau of Malino, no description.
3697-99 (B23-57 to 59) South of Humuhumu Point

Two clusters of ahu, with seven in each cluster, and also one platform house site paved with
water worn slabs and pebbles.

MANUKA (POHUE BAY AND MANUKA BAY QUAD 72 AND 71), KA'U
3670-73 [3686] (B24-12 TO 16 Keawaiki, Pohue Quad, 72)

A paved stepping stone coastal trail, a U-shaped shelter, a platform house site with a sheltering
wall, a paved canoe landing ramp, and a group of three platforms which may be house platforms. The
site is remarkable because of the ramp. —p15

Petroglyphs at Pohue

The most comprehesive reporting found on the petroglyphs here was written September 1961 by J.
Halley Cox, author of Hawaiian Petroglyph Sources, 1825-1967, c1967 and Hawaiian Petroglyphs, c1970.
Excerpts from Cox’ five page report and a portion of his map showing the location of the petroglyphs:

Within a radius of about a half mile from Pu'u Ki, a cinder cone just south east of Pohue Bay,
Ka'u, there is a considerable concentration of petroglyphs. The area is in a pocket surrounded by
a'a lava flows and the smooth pahoehoe surfaces here offer the only good spots for petroglyph
making for some distance along the coast. There was appartently no large permanent population
here. Two house platforms near the beach are the only evidence of continous occupation. The
many small natural shelters and caves in the area may have been used on a very temporary basis
The petroglyphs were most likely made by transients, fishermen, and visitors to the area....The
small circles on the map indicating the location of the petroglyphs in most cases represent a
cluster of a half dozen or more figures in close association. In some cases these figures are very
concentrated and even overlapping as in some sections of A and K. In other cases the symbol may
indicate the location of only one or two isolated figures as at J or E.

The styles of the petroglyphs represented here are of the usual kind found elsewhere in the
islands but with a predominance of the simple lineal angular figures and those with triangular
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bodies. Only one or two are elaborated with muscles or with pecked out surfaces. A great variety
of subjects are found other than the human figure, such as: animals, artifacts, abstract symbols
and lettering....Some of the petroglyphs appear to be very old, particularly at K where some are
very eroded and scarred by later chipping. Some are obviously newer, dated 1864, 1891, and
some still fresher, obviously cut with steel tools. One feature that is peculiar to the area is the
numerous rubbing or sharpening places. These are oval shaped, about 12” to 18” long, some
quite flat or shallow, like adz sharpening surfaces, but many are deeper and bowl-like, four to five
inches deep. Scattered in with these grooves made with a round instrument an inch or so in
diameter, possiblity the result of sharpening a chisel-shaped tool. The bowl-like despressions
could not have been made as mixing or food-grinding areas or as salt pans since many of them
are on slanted surfaces and could not function as “containers.” At area D there is a small rise
about 25 feet long which contains 30 or 40 of these “rubbing” bowls. They also occur in other
areas and are often found as a smoot oval surface nearly containig a small petroglyph.

Other forms are found which are not known elsewhere, such as a lineal figure inside of a curving
cloak-like shape. Another is a triangular figure with sweeping lines at each side suggesting a
flowing cloak. In area K there are two occurences of a curved arc form with a “handle” at the

. .. 118
center, very much like the Hawaiian fan

[ Discussion of eleven areas as well as several papama.]
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Figure 14- — Sketch from Cox’s report on petroglyphs at Pohue.

In their 1999 book Spirit of Place: Petroglyphs of Hawai'i the Stasacks report of the seventy petroglyph
sites on the island, “...only the one that apppears to have different motifs is Pohue Bay....This site has
some strange amoeba-like forms that might be described as sea creatures of some sort. What they

represent is unknown'**.”

%) ee and Stasack, 1999:149
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Interviews

In 2005 selected students at Ka'i High School conducted an oral history project resulting in the
publication Na wahi pana o Ka'a: the celebrated places of Ka'l, sponsored by the Hawai'i Council for the
Humanities. Among the interviewees was Thomas Kaniho who grew up on Kahuku Ranch attending
Na“alehu School until the ninth grade in the 1930s. At the age of 16 he was employed by Parker Ranch
who owned Kahuku at the time which consisted of 165,000 acres at the time. Earning $1.00 per day he
was provided with housing, meat, milk, poi, and medical care. A fourteen to sixteen hour workday was
the norm. When not working directly with the cattle, repairing fences and removing lantana and other
scrub brushes were addressed.

Kaniho relayed a week-long cattle drive of up to 1,000 calves from Kahuku to Saddle Road where
cowboys from Parker Ranch would drive the cattle to Waimea. The first stop from Kahuku was
Wai'6hinu where the calves were corralled and the only night the cowboys could return home, camping
with the cattle the rest of the drive. The second stop was Kapapala Ranch; the third ‘Ohaikea, the fourth
Keauhou Ranch and the fifth stop on the Saddle Road where they met the cowboys from Parker Ranch.
Provisions were pa'i‘ai (waterless poi), salted beef, round onions, chili pepper, and crackers. The ride
home was usually made within a day®.

Parker Ranch sold Kahuku Ranch to James Glover. Glover Construction in Hilo still carries his name
although he is deceased and it was sold after he died. Damon Estate purchased Kahuku Ranch at a court
auction after Glover’s death. Freddy Rice worked for the Damon Estate made many improvements
including the installation of a 2 million gallon water reservoir'?’.

Working with Kaniho was Carl Bredhoff (b.1934) at C. Brewer's Hawaiian Ranch Co. (Ka'alu'alu, Kapapala
and Keauhou Ranches and Na‘alehu Dairy) from '60-'67. Bredhoff then managed Kahuku from 1982
until his retirement in 2000. Bredhoff reported in the 1980s he and seven other workers all resided on
the ranch divided into two camps. Two homes in a ma uka camp and seven homes at a ma kai camp.
The employees: Julian Beck, Gilbert Medeiros (cattle foreman), Sam Ka'upu, Nelson Ka*aupu, Dave
Ka*awa, “Junior” Molcilio, Joe Velez, and Louise Kainoa. Gilbert “Boone” Medeiros transferred from
Palani Ranch. Under Bredhoff’s management some 2,000 mother cows were supplemented by bulls and
steers.

Dave Ka‘awa worked for Kahuku Ranch for thirty-five years from 1970-2005. During his tenure Freddy
Rice imported buffalo in 1966. The areas between Highway 11 to South Point are three craters in the
area of the ranch headquarters. The first crater is the orchard containing avocado, orange, lemon,

129 Moulds-Carr 2005:63

21 bid.
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lychee, and tangerine trees. The second and third craters contain kukui where hunting was conducted.

122

The two beaches the ranch owned were Wai'ahukini and Kahuku (Pohue) ™.

Ms. Usha Prasad conducted interviews for the preparation of an Environmental Assessment for the

project area in 2006. Individuals, their association with Kahuku their comments and recommendations

are presented in the table below:

Table 4 - Interviews, 2006

Individual Role Interview Comments Recommendations
Date(s)
Pele Hanoa Founder of Ka'u August Few people lived at Waiohinu at | “Build a cement ‘port’ at
Preservation 27,2006 one time (near Pohue). “They Pohue that will allow the
Society were camping...had a house site. | emergency use of a boat.
These same people went and But not in the area where
planted the trees around the the turtles hatch. You
fresh water spring (Kanonone).” | could go down on either
Associates Pohue with side of the bay proper (to
Waiahukini. Regarding coastal avoid the turtles). But
sites, “this is the area there the there should be no
royal ali‘i once lived. disturbance to the area
Kamehameha was banned from | where the turtles hatch.”
entering the area but it is where | Although there are
Keoua, Kalaniopu'u came from. controls on who goes in
Ka'u people didn’t allow and out of Pohue Bay
Kamehameha to come to their area, she feels that
lands. But these were strong coming in from the
people of royalty. Oceanside could be done
during emergency
situations.
Emilio Kahuku Ranch August 4, “When | first came [ca. 1952] it
“Junior” cowboy. During his | 2006 [P6hue] was completely off-
Molcilio 48 years with the limits to the outside. | used to
Ranch he was be at the beach a lot,
responsible for maintaining the gates. It was
access and very expensive to keep people
maintenance of the out. Weren’t just fishermen who
entire coastline came to use it. So much trash
from Pohue, and stuff [was left behind].
Kahekea to Kakio. People would get a pass but
would give it to others to use.
2 |bid:66-67
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Get guys trespassing all the
time. Fishing, hunting,
everything...was a hunter’s
dream. Beach was [early 50s]
great....There’s a road which
runs from the Kona side
(Kahakahakea) towards Kakio
and South Point. Wai'ahukini,
which is just below the pali, is
the boundary of Kahuku Ranch.
The ranch surrounded
Wai“ahukini, and went down
close to South Point. “There are
many beaches...Pohue,
Kahakahakea, Kakio are just a
few.” Next to Kahakahakea is an
area called JR Point after him as
this is where he always fished. It
is also known as “Icebox” as he
left a cooler there near Pu'u K.
Hosaka Point was named after
government worker Eddie
Hosaka who regularly fished
there. Kanonone was known as
“Lauhala” to the ranch hands.
“Kanonone water hole and the
others already had lauhala
growing when | came. A friend
came and planted a whole
bunch more. He brought down a
pile of coconuts and put them
there. The Oceanview
(construction) guys knocked
down some of the coconuts
[trees] in order to get the nut.
They couldn’t climb the tree so
they just chopped it down to get
the nuts. The ocean waves also
thinned out the trees from the
area. Kahakahakea also has a
water hole. A nearby crack near
Kahakahakea supplied fresh
water for them. Junior never
drank the water from the holes;
the water was brackish. “But the
ponds were used by some of the
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fishermen as a place to put in
little fish. Kind of like a ‘holding
pond.” Then people came and
started stealing the fish that
were in the ponds. There was
even a barracuda in there, and it
grew pretty big. But eventually
it too was taken. A lot of people
stole and made pilikia at the
place.” Afoot trail with the
terminus at Pohue Bay is part of
the Ala Kahakai that runs along
the shoreline ending on the
north edge of Pohue Bay. This
trail was also used for horse

riding.
Tommy & Bulldozed roads for | July 17- Fished in the Pohue vicinity and
Chiyoko Kahuku Ranch for 18, 2006 saw people camping there. “Not
Ishimura over twenty years. too many Hawaiians in the
Kahuku area” and Kahuku
essentially uninhabited until
Oceanview development took
place.
Gil Kahele Born and current July 25, Not familiar with Pohue but is Deferred to Pele Hanoa
resident of Miloli’i. | 2006 aware of the importance fishing
Member of Ka'u is for Ka G residents. Petroglyph
Coastal design used by Na Ala Hele
Conservation Task (state trails system) based on
Force petroglyph located at Pohue
Bobby Camara | Naturalist hiked July 2,
and camped at 2006
Pohue Bay ca. 1982 See current interview notes
below
Robbie Hind Former livestock August Kahuku area bombed a great
manager of Park 15, 2006 deal during World War Il.
Ranch. Family
ranch lands include
area around
Waiohinu.
Joanne Stayed at Kahuku June 13, Recommended Blue
Kahanamoku- | Ranch with uncle 2006 Coleman.
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Sterling Gilbert Lee
Vern & Caleb | Caretakers for over | 2006 Area federally funded as Interview Pua Kanahele
Yamanaka twenty years Hawksbill grounds May to who brings her halau

December. Vern asserts there.

Hoopuloa Village covered by

lava. The next neighboring

village to Pohue Bay project

area is Milolii. Caleb referred to

a second anchaline pond is

south of Kahakahakea and north

of Kanonone Spring. A segment

of the Ala Kahakai leads to it.

This pond is 6 to 8 feet deep and

up to 15 feet across its water

has a ruddy tinge possibly from

chemical released from the

rocks.
Ruby Family ties to Ka'u June 16, Recommended contacting
McDonald lands 2006 Tommy Ishimaru.
Billy Bergin Author of Loyal to July 24, Rode ma uka trails of Kahuku Recommends Sonny

the Land 2006 Ranch with Sonny Keakealani. Keakealani who worked
for Parker Ranch

Keawe Archivist for August 2, | Visited Hind relations in ma uka | Recommended: David
Vredenburg Paniolo 2006 portion of Kahuku. Considers Kimura, Freddy Rice,

Preservation
Society

Hilea River an ‘old’ area located
near Punalu’u as an important
residential and gathering area in
the late 1800s and early 1900s.

Gilbert Medeiros, Palikapu
Redman

Upon reviewing the notes taken by Usha Prasad in 2006, Bobby Camara found them inaccurate and

requested they not be included in this report. During an interview on March 24, 2011 he stressed his

knowledge of the project area is through historical documents i.e. Boundary Commission Testimonies

(his transcriptions presented in Appendix B). He emphasized the Boundary Commission Testimonies cite

the notable activity in Kahuku was bird catching, not fishing or other marine exploitation. He believes

the high olivine composition of the lava produced superior abrader instruments and would be interested

if the archaeological survey revealed abrader quarries. Bobby asserts Wai'ahukini and Ka'ili-ki‘i where

the coastal habitation sites of the area due to the sheltered geography. Bobby’s primary concern for the

current project is its location on a rift zone. He acquiesced to having the following regarding the naming

of Hapaimamo included in this report.
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Hapaimamo

Our source of the name "Hapaimamo" is the Boundary Commission Testimony for Kahuku, collected at
the courthouse in Waiohinu in 1873.

Please remember that while the BCT can and usually does contain amazingly interesting information,
there are also numerous conflicting statements. The testimonies were collected so officials of the
Kingdom could determine the boundaries of ahupua‘a. Most people lived near and knew the makai
boundaries. The regions mauka were infrequently visited, so old bird catchers were asked to describe the
boundaries. Many of the men were in their 70's, feeble and tired (this according to comments in various
BCTs). We can imagine that voices were weak, perhaps slurred. The secretary wrote a transcript of the
proceedings, dependent, of course, on what he thought he heard.

Then there is the problem of the meaning of the name. While many people like to be definite and
quantify things, it's important that we allow ourselves the unknowable. To wonder, be puzzled, think and
question. “Maybe...what if...perhaps....” Because we weren't among those who coined the name, perhaps
the best we can hope to do is guess, based on sound ideas.

Here are some basic definitions:
* hapai: to carry, bear, lift, elevate, raise, hoist, hold up; to support, as another's testimony;
* mamo: black Hawaiian honeycreeper (Drepanis pacifica), with yellow feathers above and below
the tail that were used in choicest featherwork--formerly found only on Hawai‘i, but not seen
since the 1880's;
* note also, lehua mamo, the yellow lehua, literally “mamo-bird lehua”, so called because the
mamo has yellow feathers.

"To carry mamo (birds)" would be the literal meaning, referring perhaps to an area where mamo were
once caught. There are other possible meanings as well.

We can look to the BCT, and in this case find reference to the colors of various birds. "...Hapaimamo.
said place taking its name from the color of the earth and stones being like to the yellow feathers of the
‘O°0 and the black feathers of the mamo bird, like on amokihi (sic) [and] ‘i‘iwi." On a field trip to the
area one can easily find green tephra (like an ‘amakihi). Other pieces of tephra and surrounding areas are
‘i‘iwi colored, as well as golden or pale yellow. It is truly a remarkable place with stunning features.

One of my ideas: According to Jack Lockwood the Hapaimamo eruption is C'* dated to 1710 +/- 60 years,
or between AD1650 and 1770. It was, he says, one of two eruptions of Mauna Loa that produced an
unusually large amount of reticulite.' Hapaimamo reticulite is a light colored tephra that was spread over
a large field. The winds carried (hapai) the pale golden (mamo) tephra over a wide area.

"Hapaimamo in Kahuku is a large smooth hill formed of pumice and sand
with red spots on it and on the plain around it. It is an old crater with a gap in the South side where a

stream of aa has flowed out" (BCT: 1873).

Notes by Bobby Camara, 2004; minor editing by Ed Bonsey

' The other being the vents, near the Kulani Prison dump, that produced the Panajewa flows 1300
years ago that entered the sea east of Hilo



Interviews were conducted in accordance with Federal and State laws, and guidelines, when
knowledgeable individuals are able to identify cultural practices in, or in close proximity to the project
area. The Office of Hawaiian Affairs, Ka' Hawaiian Civic Club, and the Hawai'i Volcanoes National Park
were contacted and visited to identify potentially knowledgeable individuals with cultural expertise
and/or knowledge of the study area and the surrounding vicinity. The names for potential community
contacts were also provided by Vern Yamanaka, property manager for over twenty years; Virginia
Goldstein, former Hawai'i County Planning Director, and Alan Walker, Supervisory Archaeologist of the
1987 archaeological reconnaissance survey of the project area. Ross Cordy, PhD who reviewed the 1987
said survey in his position of Archaeo