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EXECUTIVE SUMMARY

Pu‘uhonua o Honaunau National Historical Park (PUHO) is a small park (73 ha/181 acres)
located on the Kona (west) coast of the island of Hawai‘i. The park currently consists of two
parcels; a 72 ha/177 acre parcel situated along the coast, and a small (1.5 ha/3.7 acre) upland
parcel. A recently authorized addition (96 ha/238 acre) abuts and extends inland from the
southern part of the coastal parcel. The small upland parcel does not contain any significant
water resources, and the authorized addition has not yet been acquired by the park, so these
parcels are not addressed specifically in this report. The park was established primarily to
preserve and protect native Hawaiian culture and cultural sites, but the park and adjacent marine
waters (technically outside of park jurisdiction, but included here as they represent a significant
resource for the park) also contain a diverse and unique array of water resources. The climate is
arid, and aside from one intermittent stream, there are no freshwater resources in or near the
park. Brackish groundwater flows seaward through the park and is exposed in subaerial
anchialine pools, a prehistoric fishpond, and in associated wetlands. Brackish groundwater
discharging along the park shoreline affects intertidal and coastal water quality. Brackish and
marine waters in and adjacent to the park support a wide range of flora and fauna, including one
of the best-developed shallow-water coral reef systems in West Hawai‘i. The cultural and
ecological value of these resources are significant, but park waters are vulnerable to impacts
associated with upslope and adjacent development, which could affect groundwater supply and
quality, to impacts associated with maintenance of cultural and archaeological resources in the
park, and to degradation due to visitor activities. No point-source pollutant discharges are present
in PUHO, but a number of non-point sources in and around the park have the potential to affect
coastal water resources, particularly agricultural activity upslope of the park, residences and a
small boat landing in Honaunau Bay adjacent to the park, and maintenance activities within the
park.

Despite the value of water resources in and adjacent to the park, there are very few data available
for quantitative assessment of water quality and associated biological resources. The National
Park Service (NPS) ‘Horizon’ report (National Park Service 1999) and a new USGS water
quality database (Wolff unpubl. 2005) include a number of sites in and near the park, but several
are too distant to provide insight into the quality of park waters, and data from the remaining
sites mostly are limited either to very short periods of measurement (one day to two months) or
include measurements of only a few water quality parameters. As a result, existing data are
inadequate to characterize water quality in the park.

Although biological assessments are more numerous than water quality measurements,
biological assessments of park water resources have been sporadic, usually limited in scope, and
often have not used quantitative methods, making it difficult to compare results across studies.
Nonetheless, combining available data from the water quality databases with additional water
quality and biological data from published reports does provide some insight into water quality
and biological resource conditions in the park’s groundwater, anchialine pools, fishpond,
intertidal areas, and coastal waters.

Overall, the available water quality data and the apparently good condition of most of the
associated aquatic ecosystems suggest that park waters probably are in relatively good condition.



There are no data for pesticides, herbicides, solvents, heavy metals, or pharmaceuticals in the
park, but there are relatively few sources in the area for these types of pollutants, and limited
analyses from another Kona park (Hoover and Gold 2005) suggest that significant contamination
is unlikely. However, herbicides have been used extensively in the park, and boat and vehicle
traffic may result in some contaminant inputs, so investigation of these sources may be
warranted. There are a few data that suggest that park coastal waters were relatively unaffected
by nutrient contamination in 1969 and in 1977, despite the presence of two cesspools only 34
and 51 m from shore until 1971. The Royal Fishpond may have been affected by the cesspools,
leading to algal overgrowth and the introduction of alien fish to control the algae, but no data are
available to verify this and the deactivation of the cesspools in 1971 probably resulted in a rapid
return to ‘normal’ nutrient loading conditions to the fishpond pools. A relatively recent (1992)
dataset from the Royal Fishpond contains some elevated ammonia and phosphate values, but the
data are sparse and may be affected by analytical errors, and fishpond water quality is unlikely to
be representative of water quality in other areas of the park. Thus, the current status of park
waters with respect to nutrient contamination is unknown, but the lack of significant nutrient
loading sources in the watershed and in the park suggests that nutrient contamination probably is
not a major issue. Groundwater flow through the park affects the salinity and thus water quality
of mixohaline resources. Salinity data from the park and groundwater modeling in another Kona
park study (Hoover and Gold 2005) suggest that groundwater flows in the park may have
decreased significantly over the last 20 - 30 years, presumably due to upslope groundwater
withdrawals. While development in the area to date has been less intense than in some other
areas of the Kona coast, future development likely will result in additional reductions in
groundwater flow, and increases in nutrient and other contaminant loading to park resources.
Groundwater flows and quality thus will continue to be fundamental issues for all of the park’s
water resources.

Biological resources in park waters mostly are poorly characterized. Available data indicate that
while water quality and other impacts on biological resources mostly appear to be minor at this
time, there are a number of existing and potential issues that warrant action or further study, and
additional study is needed in virtually all areas to establish baseline data adequate for assessing
current status and future trends. These issues and key biological features of each of the major
coastal water resources are summarized briefly below.

Surface water

There are no perennial streams or other surface water bodies in the main park area. The lower
portion of the Ki‘ilae Stream channel crosses the southern end of the main park parcel, but the
stream is intermittent in its lower reaches, and no water quality or biological resource data are
available for this area.

Groundwater
There is no data on groundwater in the park. Very limited water quality data are available from

three groundwater wells north of and upslope of the park, but water quality in these wells may
not be representative of groundwater transiting the park. Some information on groundwater



quality can be inferred from brackish coastal water samples obtained in 1969 and 1977, but no
recent data are available.

Anchialine pools

Anchialine pools are rare, and associated ecosystems are poorly understood. There are several
pools in the park, but the number and locations of the pools are not well characterized, and no
quantitative data are available to assess water quality or biological conditions. Information
obtained from park personnel and observations made during a site visit suggest that at least one
pool is impacted by stockpiling of plant waste and other pools may be impacted by
sedimentation from road and trail fill material. Pool ecosystems also may be impacted by
changes in groundwater flow due to upslope development, and by herbicides used for vegetation
control in the park. While anchialine ecosystems in general appear to be relatively tolerant of
variations in salinity, temperature, and nutrients, tolerance probably varies from pool to pool, and
they may be vulnerable to toxic contaminants. Anchialine pools provide habitat for some rare
and candidate endangered species, such as the orange-black damselfly (Megalagrion
xanthophelas), which may be vulnerable to changes in habitat and to predation by alien species,
such as orb-weaver spiders.

The Royal Fishpond

The Royal Fishpond was studied briefly in 1969, 1992 and in 1999. Water quality data are
insufficient for a complete assessment, but do show significant nutrient uptake from groundwater
inputs and large fluctuations in dissolved oxygen, both of which are consistent with the elevated
productivity and respiration expected in large, shallow eutrophic pools. Biological observations
show that the fishpond is impacted heavily by alien fish, particularly tilapia and mosquito fish.

Wetlands

PUHO’s wetlands primarily are associated with the Royal Fishpond pools, especially the
southern pool and an associated extension that crosses into the pu‘uhonua grounds. Wetlands are
rare in west Hawai‘i, so PUHO’s wetlands provide potentially important habitat for insects,
plants, and transient birds. No water quality data are available, but there is no obvious indication
of water quality impacts on PUHO’s wetland biota. Alien species that displace native species,
and woody aliens that produce large quantities of leaf litter and encroach on open water areas
(e.g., opiuma (Pithecelobium dulce), and Koa haole (Leucena leucocephala)) are significant
issues.

Intertidal

Biological resources in PUHO’s intertidal have received only cursory study, but there is no
indication that they are impacted significantly by water quality changes or by invasive species. A
potentially invasive alien alga (Acanthophora spicifera) recently has been documented in the
park, but does not appear to be a significant threat at this time. Recreational harvesting of
intertidal organisms may be a significant issue, particularly of heavily exploited resources like
endemic limpets (opihi). Intertidal zones provide significant habitat for green sea turtles



(Chelonia mydas), and potential habitat for threatened hawksbill turtles (Eretmochelys
imbricata) and endangered Hawaiian monk seals (Monachus schauislandi), creating potential
conflicts with visitor activities in these areas.

Coastal waters

Coastal waters include both pelagic and benthic habitats, from subtidal sands to extensive coral
communities, that support a diverse community of resident and transient fish, reptiles, mammals,
invertebrates, and other organisms, including turtles, monk seals, spinner dolphins, sharks, manta
rays, and threatened humpback whales (Megaptera novaeangliae) offshore of the park. Studies
that have addressed pelagic and benthic biological resources generally have concluded that they
are in good condition, although several alien fish are established in park waters, and stressors
such as sound and light pollution and behavioral impacts due to visitor activities (e.g. wading,
swimming, snorkeling, SCUBA diving, and boating) have not been addressed. Water quality in
Keone‘ele Cove may be negatively affected by sediment and contaminants from crushed coral
fill used along the beach at the head of the cove, but no data are available to quantify possible
impacts. Although coastal waters and associated biota probably are relatively tolerant of
contaminant inputs due to the strong natural dilution characterizing Hawai‘i’s coastal waters,
contaminant inputs from adjacent residences and from the boat launch in Honaunau Bay are
possible concerns. Other stressors that warrant additional study and monitoring include the
potential for increased coral bleaching and disease with increasing ocean temperatures, and the
continuing potential for alien species introductions, including pathogens that may result in
disease in corals and other organisms.

Table i summarizes the above discussion in terms of the major stressors affecting park coastal
water resources and our assessment of existing and potential impairments due to these stressors.
Because so few data are available, most assessments were made using primarily professional
judgement, and even areas with known impairments are considered to have insufficient data to
adequately characterize the full extent of the associated impairment. Some of the stressors are
associated with development around the park and with visitor impacts on the park, and thus
present options for management that may include actions to reduce or eliminate the stressor.
Others, such as sea level rise and increased temperature, are driven primarily by global processes
and cannot be managed directly. Existing impairments in the park are well known only for
invasive species in the Royal Fishpond pools and in wetlands around the pools, but invasive
species also may be impacting other resources, and potential impairments exist in many other
areas.

Recommendations for studies, monitoring, and actions to address existing and potential
impairments are summarized in Table ii. Although a number of ongoing and planned studies will
improve knowledge of the status of selected resources, major gaps still exist in the
characterization of most resources and in understanding the potential for impacts due to the
stressors identified above. The recommended studies will provide the baseline data needed to
document current water quality and biological resource conditions in the park, and will allow for
a more complete assessment of vulnerability to the stressors listed in Table i.



Table i. Existing and potential impairments in PUHQO’s coastal water resources.

Ground- Anchialine | Royal Wetlands Intertidal Coastal
Stressor water Pools Fishpond Waters
Water Quality
Nutrients OK OK OK OK
Fecal bacteria OK OK OK OK OK
Dissolved oxygen OK OK OK OK
Metal contamination OK OK OK OK OK
Toxic compounds OK
Increased OK OK OK OK OK
temperature
Water Quantity
Changing GW flux OK OK OK
Population Effects
Fish/shellfish na OK OK OK
harvest
Invasive species EP EP EP
Physical impacts na OK OK OK OK
Behavioral na OK OK OK
impacts
Habitat Disruption
Sea level rise OK OK OK
Sound na OK OK OK OK
pollution
Light na OK OK OK
pollution

EP - existing problem,
data, na - not applicable.

— potential problem, OK — not currently or expected to be a problem, shaded - limited




Table ii. Recommendations for additional studies, monitoring, and actions to address existing and
potential impairments.

Studies

1. Summarize pesticide and other toxic chemical use in the park and assess the potential for impacts on
coastal water resources in and around the park.

2. Characterize groundwater flow through the park, and its sensitivity to existing and planned upslope and
adjacent development (withdrawals and wastewater inputs).

3. Characterize groundwater quality in the park, possibly in conjunction with Study 2 above and/or Study 8
below.

4. Map, describe, and document the biological status of anchialine pools in the park. *

5. Characterize water quality and major biological processes affecting water quality (primary production,
sediment respiration) in the Royal Fishpond. Include an assessment of the role of pond sediments in water
quality, and the feasibility and benefits of removing sediments from the fishpond pools.

6. Characterize ecosystem structure and function in the Royal Fishpond to evaluate the impact of alien fish on
ecosystem function. Include an assessment of the feasibility and benefits of removing alien fish.

7. Assess the feasibility and benefits of eradicating alien species in park wetlands.

8. Characterize the locations and intensity of groundwater inputs to coastal waters. Resampling at the sites
used by Doty (1969) would provide insight into potential changes in groundwater discharge over time as
well as into groundwater quality (Study 3 above).

9. Perform a quantitative survey of biological resources in rocky intertidal zones in the park.

10. Characterize water quality in Honaunau Bay and at an additional offshore site off of the southern portion of
the park, possibly off of Ki‘ilae Stream. **

11. Characterize recreational fishing catch and effort in waters adjacent to the park.

12. Characterize recreational snorkeling and SCUBA activity in the park.

13. Characterize frequency and type of use of the small-boat launching ramp adjacent to the park and of
boating activities in Honaunau Bay.

14. Perform a preliminary assessment of underwater noise pollution in coastal waters adjacent to the park and
the potential for impacts to biological resources.

* May be addressed by recently funded PACN Inventory and Monitoring Program project.

** Coordinate with Hawaii DOH sampling in Honaunau Bay initiated in February 2006.

Monitoring*
1. Monitor groundwater levels and groundwater quality in the park.

Monitor the status of anchialine pools and associated biota, including rare and endangered species.

Monitor water quality and ecosystem status in the Royal Fishpond.

Monitor A. spicifera and other invasive alien algae in intertidal and shallow subtidal areas around the park.

Monitor nearshore water quality at the DOH site in Keone‘ele Cove, and at a site in Kapuwai cove. **

Monitor benthic ecosystem status for comparison to historical assessments and ongoing CRAMP

monitoring at other Kona sites, including coral health and alien species. ***

7. Monitor fish populations in Honaunau Bay for comparison to recent and historical assessments and
ongoing WHAP monitoring at other Kona sites, including alien species. ****

8. Monitor sea turtles in waters adjacent to the park in conjunction with monitoring being performed at
KAHO *hkkk

* Coordinate with planned PACN Vital Signs monitoring.

** Coordinate with DOH monitoring in Honaunau Bay.

*** Coordinate with CRAMP program.

**** Coordinate with WHAP program.

**xx* Coordinate with KAHO and NMFS monitoring.

ok wnN

Actions
1. If determined to be feasible and beneficial, remove alien fish from one or both of the Royal Fishpond pools.
2. Ifjustified by study, remove sediments from one or both pools of the Royal Fishpond.
3. If determined to be feasible and beneficial, eradicate invasive plants from park wetlands.



Consider working with the State of Hawai‘i to prohibit harvesting of endemic Hawaiian limpets (opihi) in
intertidal areas around the park.

Work with the State of Hawai‘i to provide educational materials for park visitors and people using areas
around the park regarding applicable fishing regulations and impacts on park resources.

Collaborate with researchers working in the park to maximize the relevance of ongoing and planned studies
to park needs for basic, robust data on water quality and aquatic biological resources in the park.

Expand park interpretive materials to include information on park water resources and their vulnerability to
development in and around the park.

Expand park interpretive materials to include information on culturally significant coastal water resources,
such as brackish springs, the ‘Sun Stone’, Keawe-wai tidepool, Kekuai‘o tidepool, coastal bait cups, net-
tanning tubs, and the submerged offshore formation reputed to be of Hawa“e.

Collaborate with the State of Hawai‘i and others to enhance the level of resource protection and
conservation of adjacent lands and coastal waters, including Honaunau Bay.
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A. INTRODUCTION

This project was conducted to assess coastal water resources in Pu‘uhonua o Honaunau National
Historic Park (PUHO), on the west coast of the island of Hawai‘i (Figure 1). The goal of the
project was to identify both the state of knowledge regarding individual resources and the degree
to which they are affected by natural and anthropogenic factors. As a result, this report
summarizes the condition and state of knowledge for individual resources, identifies information
gaps where data are insufficient to assess resource condition, and makes recommendations for
future studies to fill information gaps and to facilitate resource management. While the focus of
this effort was on coastal resources, watershed conditions and surface and groundwater in and
around the watershed also were considered as they might affect coastal water quality and
resources. Available sources were reviewed to obtain information on coastal water resources in
and adjacent to the park. Sources cited in the text are listed in the Literature Cited section; other
relevant but uncited sources are listed in Appendix A.

B. PARK DESCRIPTION

B.1. Background

B.1.a. Location, setting, and park holdings

Pu‘uhonua o Honaunau National Historic Park (PUHO) is located on the western (Kona)
shoreline of the island of Hawai‘i at the base of the Mauna Loa volcano, roughly 35 km (22
miles) south of the town of Kailua-Kona (Figure 1). A small parcel situated upland of the main
park parcel contains no significant water resources and is not considered in this report. A third
parcel, proposed as an addition to the park, runs inland from the coast at the southern end of the
main parcel, and covers about 96 ha (238 acres) and includes about 300 m (1000°) of coastline.
The main parcel contains the visitor center, the Royal Grounds, and the pu‘uhonua (place of
refuge), and covers approximately 72 ha (177 acres), with roughly 1.6 km (1 mile) of shoreline.
The park, whose legislated boundary ends at the high tide line, stretches along the coastline from
Honaunau Bay to Ki‘ilae Bay and includes coastal sections of three ahupua‘a (Hawaiian land
divisions): Honaunau, Keokea, and Ki‘ilae (Greene 1993). To ancient Hawaiians, this area
served both as a residence for Hawaiian royalty, and provided sanctuary for noncombatants and
defeated warriors in times of war, and for kapu (taboo) violators. The proposed addition along
the southern margin of the park includes the remains of much of the coastal village of Ki‘ilae,
which was inhabited until the 1930’s.

PUHO was formally established in 1961, with the primary purpose of preserving and providing
interpretation of this major Hawaiian cultural site, including building structures, burial sites,
prehistoric trails, Hawaiian slides (holua), and fishponds. A great rock wall (300 m/1,000° long,
3 m/10’ high, and 5 m/17’ thick) separates grounds used by Hawaiian royalty from the grounds
of the pu‘uhonua. At the wall's north end is the Hale o Keawe heiau (Hawaiian temple), which
was the repository for the bones of 23 Hawaiian chiefs and the center of religious activity in the
pu‘uhonua until the heiau was abandoned in the early 1800’s (Apple and Macdonald 1966). Due
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Figure 1. Pu‘uhonua o Honaunau National Historical Park (PUHO) and its associated Water Quality Area
of Interest (WQAOQI). Contour lines in the USGS topographic map background in the bottom panel are at
40’ (12.1 m) intervals.
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to the archaeological importance of the site and its value in interpreting ancient Hawaiian
religious, economic, social, and political life, the site is considered one of the most significant
archaeological and historical complexes in the islands’ (Greene 1993).

Despite the fact that PUHO primarily is an archaeological/cultural park, park waters also are a
significant resource. A handful of small anchialine pools are scattered throughout the park, and a
pair of larger pools, used as fishponds by ancient Hawaiians, are located within the Royal
Grounds, with another sizable pool complex on the pu‘uhonua grounds. Other water-related
resources located within the park include the lower reaches of the Ki‘ilae Stream watercourse,
brackish wetlands associated with the fishpond and pu‘uhonua pools, and intertidal regions
containing tidepools, rocky intertidal communities, and a sand beach at the head of Keone‘ele
Cove. Marine waters technically are outside of the park boundaries, but are considered a
significant resource due to their proximity to the park and the large number of visitors they
attract to the park area. Threatened green sea turtles are regular visitors to Honaunau Bay and
Keone‘ele Cove, and can frequently be found basking on intertidal benches adjacent to the
pu‘uhonua. Endangered Hawaiian monk seals and humpback whales also can be found in marine
waters off the park. Rocky intertidal and subtidal habitats around the park contain rich biota,
including an unusually well-developed shallow-water coral community in Honaunau Bay, and
extensive reef complexes in deeper water that contain abundant and diverse biota. Processes
affecting coastal water resources are varied, complex, and not thoroughly characterized (Basch et
al. in prep.).

B.1.b. Land use

PUHO is located along a relatively undeveloped stretch of the Kona coast, with no major urban
or suburban developments adjacent to or upslope of the park. There are a few residences along
the shore of Honaunau Bay just north of the park, and some residential and other development on
small agricultural lots along Mamalahoa Highway, about 3 km inland from the park, and along
the access roads from the highway to the park and to Kealakekua Bay to the north (Figure 2).
Residences in the area utilize on-site waste disposal systems. Development inside the park is
limited to the park visitor center and parking lot and an array of buildings used for park
operations. Coastal lands adjacent to the park are zoned for conservation, with another large
conservation parcel (a forest reserve) located upslope of the park between 2,000 and 4,500’ (600
— 1,400 m) elevation (Figure 3). The remainder of the land upslope of the park is zoned for
agriculture: most of the agricultural lands are suitable only for grazing, but there is some
cultivation of coffee, fruit, and other crops on lands between 600 and 1,500’ (180 and 450 m)
elevation (Figure 3). While development upslope of PUHO is dispersed and relatively low
intensity, activities upslope of the park may affect the park as groundwater can carry
contaminants downslope to the park, and development in the area likely will increase in coming
years, with greater development of agricultural lots for residences and rezoning of agricultural
lands for urban use.

13
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Figure 2. Land cover in the PUHO WQAOI. Cover data are from NOAA classification of Landsat images
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14



&3 PUHO Zoning

V72 Proposed addition Agriculture Grazing

Ag land use B Papaya

] waaol Conservation I Hog B Avocado

[ Watershed boundary [[] Rural
--- Roads I Urban
-------- Elevation contours

Vegetables/melons [l Coffee
Flowers

I Macadamia nuts

Kilo meters

-~

Figure 3. Land use zoning and actual agricultural land use in the PUHO WQAOI. Zoning data are from
2004, land use data are from 1976. Elevation contours in upper panel are at 500” (152 m) intervals,

contours in lower panel are at 100° (30 m) intervals.

15



B.1.c. Human utilization: historic and current

Human utilization of resources in and around PUHO probably extends back more than 1000
years (Greene 1993). The calm waters of Honaunau Bay provided easy access to Kona’s rich
fishing grounds and other marine resources, and Keone‘ele Cove, with a sandy beach to park
canoes, was a favorite of royalty (Greene 1993). Numerous springs containing potable water
were located in the area, soils in surrounding and upland areas were suitable for growing
coconuts, taro, bananas, sweet potatoes, sugarcane, awa, kukui, pili grass, pandanus, kou, and
breadfruit (Greenwell 1986; Greene 1993). Brackish pools made suitable holding pens for fish
destined for royal consumption and supported growth of makaloa reed for construction of fine
woven mats. Trees were found in nearby areas that could be crafted into canoes and lumber for
homes and religious structures (Greene 1993). As a result, the inland portion of Pu*uhonua Point
ultimately became the residence of the ali'i (royalty) of Kona, while the seaward portion of the
point, behind a great stone wall (constructed around 1550), was maintained as a pu‘uhonua, or
place of refuge. The refuge provided a safe haven where kapu-breakers, defeated warriors and
other criminals could find absolution (Greene 1993).

By the time of Captain Cook’s initial contact with Hawaiians in 1778, the Hawaiian population is
believed to have grown to a significant size. Estimates of the actual number vary, but it is has
been argued that the extensive agricultural developments characterizing that time, and the
cultivation of many areas of marginal agricultural value, reflect a population approaching or
exceeding the carrying capacity of the available resources (Cuddihy and Stone 1990). Historical
records and archaeological evidence show that a substantial and well-organized community
flourished in the area surrounding Honaunau, including extensive cultivation of upland areas
(Cuddihy and Stone 1990), and the importance of the area as the center of political life suggests
that population and development were at least as significant in Honaunau as in other areas. As a
result, early Hawaiians had significant impacts on coastal and inland areas in the Honaunau area,
including deforestation of coastal and inland forests to elevations greater than 760 m (25007),
and widespread changes to terrestrial ecosystems due to deliberate and accidental introductions
of alien plants (Cuddihy and Stone 1990).

The population of native Hawaiians declined rapidly after Cook’s arrival, due primarily to
disease introduced by western visitors, and political and cultural change precipitated by Western
contact also affected the Honaunau area. Although there was still a significant native population
in Honaunau in 1823 (147 houses were counted in Honaunau village, and the population of
Honaunau and the ~40 villages along the coast to the north was estimated at 20,000 (Bryan et al.
1986), the king no longer resided in Honaunau, and all of the heiau except for Hale o Keawe had
been destroyed following Kamehameha I1°s abolition of traditional religious practices in 1819. In
1825, the carved wooden figures (ki‘i) in the main heiau (Hale o Keawe) of the pu‘uhonua were
removed by western collectors; in 1829 the remains of the chiefs that had been kept in the heiau
for at least 300 years were relocated to a burial cave and Hale o Keawe was destroyed. By the
mid 1800s, the village of Honaunau had declined to about 40 houses containing roughly 100
residents (Emory 1986).

Significant changes also were occurring in land use upslope of Honaunau; traditional agriculture,
which had been practiced in the upland Kona field system for a thousand years or more (Cuddihy
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and Stone 1990), largely was abandoned within a few decades after western contact due to the
decline in native Hawaiian population and the shift to a cash economy. Sandalwood harvesting
virtually eliminated sandalwood from lowland and mid-elevation forests by the early 1800’s,
while wild cattle, introduced by Captain Vancouver at Kealakekua in 1793 and 1794, had
increased in numbers to where they were causing significant damage to vegetation and
watersheds. By the mid-1800s, most of the wild cattle had been captured and were being
maintained on large ranches as part of the growing cattle ranching industry, but significant
numbers still were present in 1900, and a few still survive today. After the Great Mahele (land
division) of 1848, ranch lands expanded and new forms of agricultural development increased as
lands became available to foreigners. Upslope of Honaunau, coffee was planted on lands that
previously were cultivated as part of the Kona field system; by 1898, more than 2340 ha (6000
acres) of coffee were being cultivated in Kona. Other crops grown in upland areas include
macadamia nuts, avocados, vegetables, and flowers. Most of the intensive agricultural
development has been restricted to elevations between about 700 and 1500°, with the majority of
the remaining agricultural land in the watershed utilized for grazing (Figure 3). Cattle in lower
portions of the watershed occasionally were watered at springs in the pu‘uhonua area; in 1978 a
fence was erected along PUHO’s mauka border to keep cattle out (Pratt and Abbott 1996).

While upslope development in the 1900’s focused on ranching and agriculture at mid elevations,
coastal communities in the Honaunau area declined until the last permanent residents left the
village of Ki‘ilae in the 1920’s — 1930’s. However, a number of individuals recognized the
cultural and historical significance of the archaeological features in the pu‘uhonua area and
began working to restore and preserve them. As a result, the lands now included in PUHO were
leased to the County of Hawai‘i in 1921 for a county park, and ultimately were transferred to the
federal government in 1961 to form the City of Refuge National Historical Park, later renamed
Pu‘uhonua o Honaunau National Historical Park. Today, the park hosts close to a million visitors
a year, with a significant number also visiting Honaunau Bay, adjacent to the park’s northern
boundary, for snorkeling, scuba diving, and other recreational activities. Area residents also use
waters and coastal areas in this area for recreation, including boat launching from a small ramp
in Honaunau Bay. Park visitation has increased significantly in recent years, from around
251,000 in 1968 (Doty 1969), to 375,000 in fiscal year 2002 and 791,000 in fiscal year 2004
(http://www.nps.gov/puho/pphtml/facts.html). Visitation is expected to continue to increase as
development and visitation to the Kona region increase.

B.2. Hydrologic information

B.2.a. Oceanographic setting

Oceanographic features of park waters are not well characterized, although some work by the
National Park Service (NPS), University of Hawai‘i (UH) and the U.S. Geological Survey
(USGS) is in progress (Gibbs et al. 2004; Glenn et al. 2006; Grossman et al. 2006; Street et al.
2006). Some general features can be inferred from the location of the island relative to large-
scale oceanographic features, from the position of the park on the island’s west coast, and from
local topography and limited nearshore oceanographic data. However, nearshore oceanography
likely is complex due to the varied topography in nearshore park waters, and the effects of
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alongshore and subtidal brackish groundwater discharges and occasional stream water discharges
on circulation and stratification.

The island of Hawai‘i is situated between 19 and 20 degrees north latitude, near the southern
margin of the North Pacific gyre. Relatively high surface water temperatures, strong
stratification, and low biological productivity are typical of coastal and offshore waters in this
region (Bidigare et al. 2003). Coastal biological communities are adapted to the prevailing
oligotrophic (low nutrient) conditions, especially in areas not subject to significant inputs of
terrestrial nutrients or to upwelling of deep, higher-nutrient, waters. Hawai‘i Island is the
southernmost island in the Hawaiian archipelago, and is located to the north of the main axis of
the westward-flowing North Equatorial Current (NEC), but the northern edge of the NEC
impinges on the island, resulting in the deflection of a portion to the northwest. The interaction
between the island and the NEC, and surface wind variations associated with the prevailing
tradewinds and the positions and topography of Hawai‘i and Maui islands, result in the formation
of large eddies to the west of the island (Chavanne et al. 2002). These eddies may play a role in
enhancing biological productivity in the waters west of the island, and in the transport of
planktonic larvae in the area (Bidigare et al. 2003), but their importance to PUHO park resources
is not known. Coastal currents offshore of the park probably vary significantly with tides
(Armstrong 1983) and with the presence and location of the eddies noted above (Seki et al.
2002). A study conducted in 1968 observed a strong (0.3 mph/0.5 km/hr) southerly current
outside of Honaunau bay and to roughly one mile (1.6 km) offshore, but observed fishing boats
further offshore drifting north (Doty 1969). Local fishermen stated that the nearshore (to 1
mile/1.6 km offshore) current generally flowed northwestward from April to October, while a
stronger southerly current generally was found in winter months (Doty 1969). Tides along the
west Hawai‘i Island coast are mixed diurnal, with a tidal range normally less than 1 m (3) (Juvik
and Juvik 1998). Sea level rise and island subsidence have resulted in significant inundation of
coastal areas around the island on geologic time scales (Apple and MacDonald 1966); present-
day rates probably vary, but appear to be on the order of 0.34 cm (0.13 inch) per year (Hapke et
al. 2005).

The location of the park on the west coast of the island of Hawai‘i causes park waters to be
sheltered from wave action associated with the prevailing northeast tradewinds, and reduces
significantly the intensity of the wave energy associated with northerly and southerly swells.
Northerly swells can be particularly large, but some protection from these swells is provided by
‘shadowing’ by the other islands in the Hawaiian archipelago (Figure 1) and by Pehehoni Point
to the north of the park (Figure 4). Southerly swell effects on the waters of Honaunau, Alahaka
and Ki‘ilae bays are similarly attenuated by the sheltering effect of Pu*uhonua Point and by Loa
Point south of the park (Figure 4).

Details of PUHO’s nearshore oceanography are not well known, but local topography probably
plays a significant role in controlling nearshore circulation. Topography varies significantly from
Honaunau Bay in the north to Ki‘ilae Bay in the south. In Honaunau Bay, a deep trench runs
from west to east at the base of the northern shore of the Bay, while the southern portion of the
Bay is relatively shallow and slopes gently offshore (Figure 5). Seaward of Pu‘uhonua Point and
in southern areas of the park, water depths increase relatively rapidly with distance from shore,
and in many areas the coastline is composed of steep cliffs. Tidal fluctuations in Honaunau Bay
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Figure 5. PUHO bathymetry derived from SHOALS data. Open area in Alahaka Bay is missing data.
Figures from Cochran et al. (in press).

are relatively small, with a mean range of 0.64 m (2.1’) between mean-lower-low-water
(MLLW) and mean-higher-high- water (MHHW) (Okahara 1982). Doty (1969) noted that
surface currents quickened and circular patterns became evident as the tide rose (Figure 6).
Neighbor Island Consultants (1972) observed that the natural topography of Honaunau Bay aids
water circulation, and that currents created by waves enhance mixing and exchange in coves.
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Figure 6. Surface (upper 1 m) circulation in Honaunau Bay on March 6, 1969. Numbers show current
speeds in m/h. (a) High tide. (b) Falling tide. (c) Low tide. (d) Rising tide. Plots from Doty (1969).

B.2.b. Hydrology affecting the park

The climate along the Kona coast typically is cool and calm in the mornings, with breezes
blowing onshore by mid-morning and dissipating in the evening. There is little seasonal variation
in temperature, with a mean high temperature of 31°C (88°F), and a mean low of 18°C (65°F)
(Doty 1969). The mountains of Mauna Loa, Mauna Kea, and Hualalai block most tradewind
showers (Leishmann 1986), resulting in relatively dry conditions on leeward slopes: the mean
annual rainfall along the coast at Honaunau is a little over 1000 mm (39”), increasing upslope of
the park to a maximum of over 2000 mm (78”) at an elevation of about 700 m (2300’) (Figure 4).
At higher elevations, rainfall declines steadily, reaching 750 mm/y (30”/y) at the upper boundary
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of PUHO’s WQAOI (~2,000 m/6,500’ elevation) and declining further to less than 500 mm
(20™) at the summit of Mauna Loa (4,168 m/13,677"). Slightly more rain falls in summer than
winter (Juvik and Juvik 1998), but storms are more frequent in the winter months and can result
in strong winds and intense rains (Doty 1969). No perennial streams flow in the park, but one
intermittent stream (Ki‘ilae) occasionally flows through the southern portion of the park after
extended periods of heavy rainfall (Davis and Yamanaga 1968). Recharge in the higher rainfall
areas maintains subsurface groundwater that flows downslope toward the park. Fresh
groundwater that reaches sea level floats on and mixes with underlying salt water. Because
mixing begins well inland of the park, groundwater flowing through the park is brackish, with
salinity increasing as it approaches the coast (Oki et al. 1999).

B.2.c. Water bodies and other water resources

PUHO has a number of significant water resources. Fresh water normally is not found in the
main park parcel, although as noted above rare large runoff events can result in flow in the lower
portions of Ki‘ilae Stream. Groundwater is a significant resource as it was a critical source of
drinking water for early inhabitants and because it passes through the park and affects water
quality in the park’s anchialine pools, fishpond, and wetland areas. Groundwater discharges also
affect nearshore water quality. Marine resources include rocky and sandy intertidal areas around
the park and coastal waters and benthic habitats offshore of the park.

B.2.c.i. Groundwater

Groundwater in the park has not been studied directly, but in geologically and hydrologically
similar areas, groundwater consists of a relatively thin brackish layer floating on underlying
seawater. Based on similar areas along the Kona coast, maximum groundwater heads in the park
probably are less than 0.6 m (2) (Oki et al. 1999). Because so little rain falls in the park,
groundwater flow through the park primarily is maintained by recharge upslope of the park in
higher rainfall areas. Groundwater intersects the land surface in the park’s anchialine pools, and
groundwater flow through the park results in a significant number of groundwater intrusions or
springs along the park coastline and from submarine discharges offshore (Fischer et al. 1966;
Adams 1969; Oki et al. 1999). Although groundwater head gradients in the park likely are quite
low, significant groundwater flows still can occur because of the highly permeable nature of the
lavas making up the Kona coast (Oki et al. 1999). Groundwater discharges alter the salinity and
temperature of receiving waters, and add nutrients and other dissolved constituents derived from
upland portions of the watershed. Groundwater flow through the park may be impacted
significantly by upslope land use, which can affect rainfall and recharge, and by withdrawals and
artificial recharge associated with irrigation and wastewater disposal. Upslope activities also may
affect groundwater quality via the direct introduction of wastewater, or contamination of runoff
by non-point sources.

B.2.c.ii. Anchialine pools
PUHO is one of only three legally protected sites in the state of Hawai‘i with anchialine pools.

Anchialine pools contain water that is a mixture of seaward-flowing brackish groundwater and
more saline seawater (Brock et al. 1987; Brock and Kam 1997). Although anchialine resources in
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PUHO are less common than in some other areas of the Kona coast (Kikuchi and Belshe 1971,
Maciolek and Brock 1974), there are a number of pools in the park, including at least one within
the pu‘uhonua enclosure (Figure 7). Several are noted on old archaeological maps as springs or
wells, but some of these may now be filled with rubble or sediment. The few pools that have
been identified inland and south of the pu‘uhonua are cryptic and poorly documented (M. Laber
pers. comm. 2005). One relatively well-known pool was used as a well by early inhabitants and
is located just south of the main park parcel boundary in the village of Ki‘ilae (Greene 1993, D.
Hoover pers. obs. 2004). Despite their relative scarcity in PUHO, anchialine pools in the park are
important culturally and may be important biogeographically, as anchialine habitat is scarce
between Kailua-Kona to the north, and Milolii to the south (Oceanic Institute et al. 1992).
Because anchialine pools are surface expressions of the local groundwater table, and
groundwater quality varies both with the degree of mixing between freshwater and seawater, and
with local factors affecting water quality, water in anchialine pools naturally displays a wide
range of physical and chemical conditions (Brock and Kam 1997).

Figure 7. Anchialine pool inside the pu‘uhonua grounds, near the Ka*ahumanu stone. Photo D. Hoover,
2004.
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B.2.c.iii. Fishpond

PUHO contains a pond complex (Heleipalala, or the Royal Fishpond) that historically was used
to hold fish for consumption by the ali‘i (royalty) (Pratt 1998). The pond complex consists of
separate northern and southern pools; the northern and more seaward (makai) pool (Figure 8) has
been modified with a rock wall along the western and southern margins and is on the park’s List
of Classified Structures due to its value as a cultural resource. The pool is separated from the
ocean waters of Keone‘ele Cove by beach sands, making the complex a ‘puuone hakuone’-type
fishpond.

Figure 8. North pool of the Royal Fishpond. View is looking north from the causeway between the pools.
Photo D. Hoover, 2004.

Both northern and southern pools are relatively small. The northern pool covers an area of about
300 — 360 m? (0.07 — 0.09 acres) (Oceanic Institute et al. 1992; National Park Service 2002), but
the area of the southern pool appears to vary significantly, possibly due to changes in
groundwater flow associated with seasonal and longer-term changes in rainfall in the upslope
watershed (Figure 9). Oceanic Institute et al. (1992) noted that the southern pool (Figure 9c) was
significantly smaller in 1992 than was shown on archaeological maps from the 1960’s, which
showed the pool extending under the Great Wall and into the pu‘uhonua grounds (cf., Figure 9b),
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and suggested that the reduction in area may have been due to infilling by sediments. At least
one earlier map from 1957 also shows the southern pool covering more area than was observed
in 1992 (Figure 9a), and notes made by park staff in 1979 refer to the southern pool being
contiguous with a pool inside the refuge area (National Park Service 1979), but more recent
maps (1998 and 2002; Figures 9d and 9e), and personal observations (D. Hoover 2004) also
show the southern pool extending through the Great Wall and into the pu‘uhonua complex on at
least 3 occasions since 1992, suggesting that natural variability may be a significant factor. In
1992, the southern pool covered about 350 m? (0.09 acre) (Oceanic Institute et al. 1992); in 2002,
the area of the contiguous portion of the southern pool was 920 m?(0.23 acre), with another 50
m? (0.01 acre) in a small satellite pool to the south and 785 m? (0.19 acre) in the extension of the
southern pool that was located inside the pu‘uhonua grounds (Figure 9e). Data collected in 1992
showed that both pools were shallow (~40 — 50 cm/16 — 20”) and contained 13 — 28 cm (5 - 117)

._ i, Hale-I-Pal
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Figure 9. Maps of Royal Fishpond from various time periods showing variations in the size of the south
pool and the portion inside the pu‘uhonua grounds. (a) 1957 (Emory 1986 in Greene 1993) (b) 1963
(Greene 1993) (c) 1992 (pond areas in m?; Oceanic Institute et al. 1992) (d) ~1997 (Pratt 1998) (e) 2002
(pond and marsh (gray) areas in m?; http://nrdata.nps.gov/puho/puhodata/puho_veg_1986.xml). Figures
are reproduced roughly at the same scale.
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of predominantly biogenic sediments overlying pahoehoe basalt (Oceanic et al. 1992). These
conditions appear rather similar to those encountered in 1976 — 1980 (*...about 4” of mud.
Deepest spot about 12”.”) when restoration work (manual removal of marsh grass and loose
stones followed by mud removal using a pump system) was performed on the south pool by
members of the Youth Conservation Corps under the supervision of park staff (National Park
service 1976; 1977; 1979; 1980). Because of the pools’ proximity to the ocean, they occasionally
have been subject to disturbance by large storms, high surf, and tidal waves. These types of
events probably are responsible for the introduction of species more commonly found in open
coastal environments, and for the introduction of larger rocks and other debris (Emory 1986). For
instance, a major storm in January of 1980 was responsible for introducing “lots of fist-sized
stone” into the south pool (National Park Service 1980), presumably due primarily to the
unusually high surf associated with the storm (Rosendal 1980). Prior to ~1971, the pools also
may have been affected by nutrient inputs from two nearby cesspools - park employees have
indicated that alien fish currently found in the pools were introduced to control excessive algal
growth, possibly due to sewage nutrients, and as noted above, pond sediments were removed
from 1976 — 1980 in an effort to preserve the cultural scene (National Park Service 1976; 1977,
1979; 1980). The pools currently are subject to overgrowth by vegetation encroaching from
surrounding wetland areas, and both pools currently require periodic removal of alien woody
vegetation and spot removal of native plants to maintain open water areas (Pratt 1998).

B.2.c.iv. Wetlands

PUHO’s wetlands are restricted to marshy areas associated with the fishpond pools, two areas
inside the pu‘uhonua grounds, and potentially with anchialine pools. A recent map of the wetland
areas around the Royal Fishpond shows wetlands covering an area of about 2500 m? (0.62 acre)
(Figure 9e). Although the areal extent of PUHO’s wetlands is small, they contain unique flora
and fauna, including a number of native species and species introduced by early Polynesians that
are important both biogeographically and culturally (Pratt 1998). PUHO’s wetlands currently do
not provide significant habitat for native or transient waterbirds due to their small size, the
presence of non-native predators, and visitor disturbance (Morin 1998). Wetlands are dynamic
communities that undergo progressive changes due to natural processes, but they also are
vulnerable to changes due to other factors, including sediment inputs and invasion by alien
species (Pratt 1998).

B.2.c.v. Rocky and sandy intertidal

PUHO?’s shoreline consists primarily of intact pahoehoe lava, with a small sand beach at the head
of Keone‘ele Cove in Honaunau Bay (Kimmerer and Woodrow 1975), and a perched beach/sand
berm south of the pu‘uhonua area (Pratt 1998; Hapke and Richmond 2004). The rocky intertidal
zone is an area of active water exchange and contains tide pools and associated flora and fauna,
as well as flora and fauna associated with rocky substrates that are subject to cyclic submergence
by tides and wave action, or receive intermittent moisture in the form of splash and spray. The
rocky intertidal also contains a number of water-related cultural resources, including bait cups
and net tanning tubs, culturally significant springs and tidepools (e.g. Keawe-wai, where the
bones of Keawe are reputed to have been washed, the Kekuai‘o pool, where fish were caught
using a natural sedative derived from the ‘auhuhu plant, and the tidepool containing the ‘Sun
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Stone’ (Pohaku Nana La), which variously was described by early informants as having been
used for astronomical observations or as a natural feature that produced an underwater image of
the sun (Stokes 1986)). Rocky intertidal areas in the park occur in two distinct zones: the
peninsula area and the area south of the peninsula. The peninsula was formed by one or a few
conterminous low-lying pahoehoe flows that extended offshore. The northern and southern edges
of the peninsula make up the southern shore of Honaunau Bay and the northern shore of Alahaka
Bay, respectively. South of the peninsula, the coastline becomes morphologically more diverse
as the Pali Alahaka reaches the coast, with sheer basalt cliffs and platforms along the shore. The
only significant sandy intertidal area in the park is found at the head of Keone‘ele Cove. The
beach at this site currently is eroding, and park personnel are attempting to minimize sand losses
to prevent damage to culturally significant palm trees and rock walls around the cove (Figure
10). The perched beach/sand berm south of the pu‘uhonua also is subject to erosion by high
waves and storms, resulting in damage to associated archaeological sites and burials (Pratt 1998).

B.2.c.vi. Coastal waters

PUHO?’s legislated boundaries end at the shoreline, but adjacent coastal waters represent an
important resource, both for their relevance to the cultural history of the park, and their
biological and recreational values. A variety of coastal environments are found adjacent to the
park, from the relatively sheltered waters of Honaunau, Alahaka and Ki‘ilae Bays to the exposed
areas off Pu‘uhonua Point. Coastal environments are structured primarily by the morphology of
the coastline and underwater topography, which are controlled by the distribution and
modification of the recent (750 — 1,500 year old, Lockwood and Lippmann 1987 in Pratt and
Abbott 1996) lava flows forming the coastline (Figure 5). The peninsula containing the
pu‘uhonua probably was formed by one or a few contemporaneous pahoehoe flows that extended
out into the ocean, resulting in a gently sloping shelf extending from relatively shallow waters to
depths of 15 - 20 m (50 — 70”), where the slope steepens. On the north side of the peninsula, the
deeper slope ends in a sand deposit at depths of about 25 - 35 m (80 — 1207), with a similar sand
deposit on the south side in Alahaka Bay at slightly shallower depths. South of Alahaka Bay, the
coastline is composed of a series of cliffs where the Keanae‘e pali fault scarp reaches the coast,
resulting in relatively deep waters (~ 5 m/15°) at the shoreline. The basalt substrate at the base of
the cliffs slopes gently offshore to depths of ~ 20 m (70’), where the slope steepens and
intersects sand deposits at depths of ~20 — 25 m (70 — 80’). Fine scale structure in the basalt
substrate is the result of weathering and wave action. Exposed areas such as those off Pu‘uhonua
Point have rocks and boulders scattered on the bottom that have been displaced from shallower
areas by wave action, while the basalt substrate along the sheltered north side of the point more
closely matches the original contours of the constituent flows. Although there are no known
archaeological features offshore of the park, there is at least one potentially noteworthy cultural
feature, an unusually shaped rock in an underwater cave that was reputed to be a representation
of the god Hawa‘e. Human sacrifices purportedly were performed at this site by drowning
victims (Greene 1993).

Consolidated coral reefs do not form extensive substrate in PUHO, although corals are a
significant component of the benthic biota in Honaunau Bay (Figure 11) and along deep (15 - 25
m/50 — 80’) slopes, and corals have colonized much of the basalt substrate to varying degrees
(Figure 12). Significant changes in the overall morphology of PUHO’s benthic substrate are
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Figure 10. Erosion control fabric exposed along the head of Keone‘ele Cove in December 2004. (a) View
looking southwest from the east side of the cove. (b) Closeup of southeast corner of cove. Photos D.
Hoover, 2004.
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Figure 11. Benthic habitat in Honaunau Bay circa 1969. Depth contours are at 5 fathom (30°/9 m)

intervals. Figure from Doty (1969).

unlikely due to the robust nature of the lava substrate, but occasional changes probably occur in
the deep coral slope due to slumping, which may be triggered by severe storms (cf., Parrish et al.
1990; Larry Basch pers. comm. 2005) and possibly by boat anchors, and changes probably

occur in the presence and extent of subtidal sand deposits.
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Figure 12. Benthic habitat around PUHO. (a) Benthic structure and cover from aerial photographs and
satellite imagery obtained in 2000 (http://ccma.nos.noaa.gov/about/biogeography/). (b) Structure and

cover from aerial photographs and satellite imagery obtained in 2005 (ibid). (c) Structure and cover from

airborne hyperspectral images obtained in 2000 (Cochran et al. in press).
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B.3. Biological resources

B.3.a. Freshwater

Freshwater habitat in PUHO occurs only in association with Ki‘ilae Stream. The headwaters of
the stream are perennial, but because the lower reaches are intermittent, stream waters seem
unlikely to contain fauna (e.g., native gobies), that also are associated with coastal habitats.
Biological resources thus are not considered for Ki‘ilae Stream.

B.3.b. Groundwater

Groundwater typically is not considered to contain biological resources. However, the
mixohaline fauna found in Kona’s anchialine pools and fishponds includes hypogeal fauna that
can live in brackish groundwater. Their distribution in groundwaters is not quantitatively known,
but shrimp commonly found in anchialine pools also have been observed in groundwater
samples collected from a well in Kaloko-Honokohau National Historical Park (KAHO), north of
PUHO (Brock and Kam 1997). Their presence in widely separated anchialine habitats along the
Kona coast suggests that groundwater may provide an important pathway for dispersal and
colonization of mixohaline flora and fauna, including endemic and threatened and endangered
species.

B.3.c. Anchialine pools

Anchialine pools in Hawai‘i harbor a distinct assemblage of organisms, including crustaceans
(shrimps and amphipods), fishes, mollusks, a hydroid, sponges, polychaetes, tunicates, aquatic
insects, algae, aquatic macrophytes, and a unique cyanobacterial mat community (Brock and
Kam 1997; Foote 2005). Species of concern and species being considered for listing under the
U.S. Endangered Species Act include the shrimp Metabetaeus lohena and a native damselfly
(Megalagrion xanthophelas) (Pratt 1998; Else 2004). Anchialine shrimp and amphipods have
been observed in park pools (M. Laber pers. comm. 2004, D. Hoover pers. obs. 2004), but no
quantitative data are available on the number and type of organisms present. However,
anchialine fauna in PUHO seems likely to be reduced compared to other areas due to the relative
scarcity of pools, their small size, and the degraded condition of some pools. A biological survey
of park pools was performed recently, but results are not yet available (Tango et al. submitted
2005).

B.3.d. Royal Fishpond

Early observations of the Royal Fishpond noted that the fishpond pools were used to hold fish for
consumption by the ali‘i, but no details of biological resources are given. In 1969, Doty (1969)
observed that the fishpond was polluted and *an embarassment to ... park personnel” due to its
proximity to 2 cesspools. Anecdotal information from a retired park employee suggests that the
pond probably was eutrophic and overgrown by macroalgae around that time, leading to the
introduction of alien fish to control the algae (M. Laber pers. comm. 2006). Doty (1969) did note
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that the fishpond provided habitat for the humped gray-black nerite Theodoxus cariosus.
Qualitative and semi-quantitative surveys of the fishpond pools in 1992 found that pond waters
were characterized by daily blooms of phytoplankton, consisting mostly of diatoms but also
including chlorophytes. Macrofauna consisted of abundant alien and invasive species with
relatively few of the organisms normally found in pristine anchialine and fishpond habitats
(Table 1). Oceanic Institute et al. (1992) noted that many of the organisms commonly found in
anchialine habitats, particularly the crustaceans Halocaridina rubra, Metabetaeus lohena, and
Palaemon debilis, and several species of amphipods were “conspicuously absent”. They
concluded that the fishpond no longer was suitable for aquaculture as historically practiced due
to poor water quality and ecological conditions, including displacement of native species by
invasives, particularly tilapia and guppies. In addition, they observed spontaneous die-offs of
several tilapia, mullet, and aholehole on two separate days. While they were unable to determine
the cause, they suggested that poor water quality was “a probable contributing factor”. Chai
(1999) inventoried biological resources in the fishpond pools in the summer of 1999 and
observed that native species appeared to have been displaced by invasives, particularly tilapia
(Sarotherodon melantheron) and mosquito fish (Gambusia affinis), although he did observe
some endemic fish (mullet, milkfish, aholehole, and mamo), a native goby (o‘opu) and an
anchialine shrimp (Palaemon debilis) (Table 1).

Table 1. Fauna observed in Royal Fishpond in 1992 and 1999. Common or Hawaiian name is given in
parentheses. Pond 1 is the northern pool, pond 2 is the southern pool. Data from Oceanic Institute et al.
(1992) and Chai (1999).

1992 1999
Pond 1 Pond 2 Not specified

Crustaceans

Metapograpsus thukuhar (crab) Several Several

unidentified grapsid crab Few/one -

Ligia sp. (supralittoral isopod) - Abundant

Palaemon debilis Noted
Mollusks

Theodoxus cariosus (neritid shell) Several Abundant Noted

Thiara granifera (spiral shell) Abundant Abundant (Thiaridae)

Littoraria pintado (pipipi kolea) Noted
Fish

Mugil cephalus (mullet) Few/one Few/one Noted

Kuhlia sandvicensis (aholehole) Few/one Few/one Noted

*Qreochromis mossambicus (tilapia) Abundant Abundant

*Sarotheradon melantheron (tilapia) Noted

*Gambusia affinis (guppy/mosquito fish) Abundant Abundant Noted

Parapeneus multifaciatus (moano) - Few/one

Acanthuras triostegas (manini) - Few/one

Abudefdef abdominalus (mamo) - Few/one Noted

Chanos chanos (milkfish) Noted

Unidentified goby (0’opu) Noted

* = alien species
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B.3.e. Wetlands

PUHO’s wetland areas are relatively small and likely have been impacted heavily by human use
of ponds and pools for aquaculture and by goats and cattle that ranged in the area until 1978.
There is little historical data on the extent and status of wetlands and associated flora and fauna
in the park, although the park currently does manage the vegetation in wetlands around the Royal
Fishpond to some degree. No data exist on the extent of any wetlands associated with anchialine
pools in the park, or on any associated flora or fauna.

Early reports noted that an area inside of the pu‘uhonua grounds supported the growth of
makaloa reed (Cyperus laevigatus), a wetland plant used for weaving fine mats (Greene 1993).
Greenwell (1986) discussed Honaunau flora from surveys conducted in 1957, but did not
mention wetlands, and none of the species listed in the report are found exclusively in wetlands.
Maps documenting stabilization work on the Great Wall in 1963 show a portion of the south
Royal Fishpond pool extending into the pu‘uhonua grounds with the label “Makaloa Pond”
(Greene 1993). Doty (1969) surveyed the shoreline vegetation around Honaunau Bay and
Pu‘uhonua Point, but did not discuss wetland areas specifically. His shoreline vegetation map did
not include any wetland species except for C. laevigatus inside the pu‘uhonua grounds and at one
site near the visitor center (Figure 13, Table 2). Field notes from restoration work performed
from 1976 — 1980 in and around the south pool include references to the removal of “marsh
grass” “weeds”, and “Maninia” (National park Service 1976; 1977; 1979; 1980). A
comprehensive survey of vascular plants conducted from 1983 - 1985 documented 126 species in
the park, but only four were noted as being found in association with brackish ponds in the park
(Table 3), while a vegetation map prepared in 1986 shows the general location of the fishpond
pools but does not include any wetland areas or plant associations that would be associated with
wetlands (Leishmann 1986). A second vascular plant survey conducted in 1992-1993 focused
primarily on undeveloped inland areas of the park, but also addressed indigenous plants around
the Royal Fishpond pools and the adjacent brackish pond inside the pu‘uhonua (Pratt and Abbott
1996). They identified a number of indigenous species that were associated either with wetlands
or were found exclusively around the ponds (Table 4). They also found an invasive pickleweed
(Batis maritima), in a single patch on the margin of the fishpond just east of the Great Wall.
They noted that it was not present in the 1986 survey, and suggested that it be removed “to
prevent its spread to adjacent pools that support native sedges and herbs”. The pickleweed
subsequently was removed by park staff and appears to have been successfully eradicated (Pratt
1998; M. Laber pers. comm. 2006). Pratt (1998) noted that the areas around brackish pools were
one of the few areas in the park where native plants persisted, primarily due to alien plant
management in those areas, and provided a description of the pools comprising the Royal
Fishpond and the associated vegetation:

“Several ponds persist within the area of the original Royal Grounds; collectively called Hele'ipalala
Ponds, they were apparently used as fish ponds to supply the king .... The northernmost of these has
been highly modified and supports virtually no vegetation. To the south is a large irregular pond
complex adjacent to the Great Wall, which separates the outer pond from the Makaloa Pond within the
Pu'uhonua enclosure .... The vegetation of the southern pool is composed primarily of native or
Polynesian plants. A dense stand of indigenous milo persists on the southern edge of the pond, and low
growing "akulikuli (Sesuvium portulacastrum) and beach morning glory or pohuehue (Ipomoea pes-
caprae subsp. brasiliensis), as well as the sedges makaloa and 'ahu‘awa (Mariscus javanicus) are
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common in and around the pond. Scattered coconut palms, noni, and ki plants grow in the area
between the ponds and the Great Wall. The only conspicuous alien plants persisting near the ponds are
Bermuda grass and scattered young 'opiuma trees (Pithecellobium dulce). Similar vegetation surrounds
the Makaloa pond within the Pu'uhonua, and as the name implies, makaloa sedge is abundant within
the pond and in an adjacent depression. The depression may represent a filled-in former pool.”
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Figure 13. Shoreline vegetation around Honaunau Bay and Pu‘uhonua Point circa 1969. Occurrences of
Cyperus sp. indicative of marsh habitats are circled. Vegetation codes are in Table 2. Figure from Doty
(1969).
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Table 2. Shoreline vegetation around Honaunau Bay circa 1969. Codes are plotted on Figure 13. Unless
otherwise noted species are historical (>1778) introductions. From Doty (1969).

Code | Scientific name Common and/or Code | Scientific name Common and/or
Hawaiian name Hawaiian name

Aa Alternanthera amoena Hc ** | Heteropogon contortus | Pili grass

AS Amaranthus spinosus Hu Hylocereus undatus Night-blooming
cereus

Ar * Artocarpus altilis Breadfruit, ‘ulu li ** Ipomoea indica Morning glory, keali
‘awahia

Bc Bidens cynapiifolia Ip** | Ipomoea pes-caprae Beach morning glory,
pohuehue

Bs Bougainvillea spectabilis | Bouganvillea Lc Lantana camara Lantana

Bn Breynia nivosa Snow bush LI Leucaena leucocephala | Koa haole, ekoa

Bp Bryophyllum pinnatum Air plant Mo Momordica charantia

Bt Bryophyllum tubiflorum | Bryophyllum Mc * | Morinda citrifolia Noni

Cp Carica papaya Papaya Ne ** | Nephrolepis exaltata Swordfern, ni ‘ani‘au

Cr Catharanthus roseus Madagascar Om Opuntia magacantha

periwinkle

Ce Cenchrus echinatus Pn * Pandanus sp. Hala

Ch Chenopodium sp. Pm Panicum maximum

Cb Chloris barbata Pf Passiflora foetida Passion flower

Cu Coccoloba uvifera Ps Pennisetum setaceum

Cn* Cocos nucifera Coconut, niu Pd Pithecelobium dulce Opiuma

Cm Commelina benghalensis Pu Pluchea odorata

Co * Cordia subcordata Kou Pa Plumeria acutifolia Plumeria

Ct Cordyline terminalis Po Portulaca oleracea

Cs Cucumis dipsaceus Pp Prosopis pallida Kiawe

Cd Cynodon dactylon Bermuda grass Rh Rivina humilis

Cy Cyperus sp. Sedge, ‘ahu‘awa Ss Samanea saman Monkeypod

Ei Eleusine indica St Schinus terebinthifolius | Christmas berry

Es Emilia sonchifolia Sv Setaria verticillata

Et Eragrostis tenella Ti Tamarindus indicus Tamarind

Er Erythrina sp. Tp* Tephrosia purpurea ‘auhuhu

Eh Euphorbia hirta Garden spurge Th* Thespesia populnea Milo

Fc ** | Fimbristylis cymosa Sedge, manu aki‘ala\Wi ** | Waltheria indica hi’aloa

Gg Gynandropsis gynandra

* Polynesian introduction
** Native

Table 3. Vascular plants noted in association with PUHO brackish ponds in 1983-1985 (Smith et al.

1986).
Species Common/ Occurrence Indigenous/
Hawaiian name Introduced
Cyperus javanicus | Marsh cyperus, Common by inland brackish Indigenous
‘ahu‘awa, ‘ehu‘awa ponds.
Cyperus laevigatus | Makaloa, ‘ehu‘awa Common by inland brackish Indigenous
ponds.
Sesuvium Sea purslane, Common along brackish ponds Indigenous
portulacastrum ‘akulikuli
Eclipta alba False daisy Occasional in lawn and adjacent | Introduced after 1778
to brackish ponds
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Table 4. Indigenous vascular plants associated with brackish ponds in 1992-1993 (Pratt and Abbott 1996).
List includes both wetland plants and those found near brackish ponds. Results from 1957 survey also are
shown for comparison.

Species Common/ Occurrence 1986 survey 1957 survey
Hawaiian name (Smith et al. 1986) | (Greenwell 1986)

Mariscus Sedge, ‘ahu‘awa Throughout pu’uhonua Common near Not noted
javanicus and near fishpond E of brackish ponds

Great Wall, with a few (listed as C.

individuals at other inland | javanicus)

and coastal sites
Cyperus laevigatus | Sedge, Only near brackish pools Same areas Not noted

makaloa east and west of Great

Wall
Ipomoe pes-caprae | Morning glory, Low numbers near Occasional along Noted
subsp. brasiliensis | pohuehue margins of brackish ponds, | strand

within Great Wall, one

coastal site
Sesuvium Sea purslane, Only on edges of ponds Same areas Not noted
portulacastrum akulikuli near Great Wall
Pandanus tectorius | Hala Several near brackish Occasionally Noted

ponds, also visitor center, around visitor

park roads, possibly center

planted
Thespesia Milo Dense stand > 50 trees on Noted near visitor Noted
populnea S side of S pond near center

Great Wall. Others near

visitor center possibly

planted

The only quantitative documentation of the extent of PUHO’s wetlands is found in a recent
digitized version of Leishmann’s 1986 vegetation map, which was modified in 2002 by NPS to
include areas for the major park pools and associated wetlands (Figure 9e). The areas shown in
the 2002 map generally appear to be very similar to those observed during a site visit in
December 2004 (D. Hoover pers. obs.)

No data are available on wetland fauna, but Morin (1996) noted that the fishpond pools (and
presumably associated wetlands) potentially could provide habitat for migratory shorebirds,
waterbirds, and seabirds. However, a number of factors reduced their suitability for bird use,
including their small size, the presence of non-native predators and mosquitoes, and visitor
disturbance. Bird surveys in 1992 and 1993 noted only two species that might be considered to
be particularly associated with wetland habitats, the Wandering Tattler (Heteroscelus incanus)
and the Ruddy Turnstone (Arenaria interpres), but other waterbirds occasionally are seen in the
park, including the endemic endangered Hawaiian Stilt (Himantopus mexicanus knudseni)
(Morin 1996). New data on birds using aquatic resources in the park will be available from an
upcoming inventory of shorebirds, seabirds, and waterbirds in the park (F. Klasner pers. comm.
2006).
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B.3.f. Rocky and Sandy Intertidal

Portions of PUHQO’s intertidal area were surveyed in 1957 by Kay (1986), in 1968 by Doty
(1969), and in 1969 by Kimura (1969). None of these historical surveys were comprehensive or
quantitative, but they do provide some data on mollusks, algae, and echinoderms, primarily in
PUHQO’s rocky intertidal. Some recent work has been performed on the reproductive status of
opihi in the park (Kay et al. 2005), and an ongoing “rapid assessment” survey of algae in the
park in intertidal and shallow subtidal areas around the park will include data collected in
November and December of 2005, with additional data to be collected in summer 2006 (C.
Squair, pers. comm. 2006). No significant surveys have been conducted in sandy intertidal areas
in the park. Kay (1986) did note that in 1957 sand patches in a large tidepool (Keawewai)
“form[ed] a feeding ground for several species of carnivorous mollusks”, and listed seven
species that either were particularly numerous or noteworthy, and observed that the sandy
substrate in Keone‘ele Cove had “little to offer in the way of either animal life or algae”.

The 1957 survey by Kay (1986) was conducted on five days in January and three days in August
“to present a generalized picture of the marine biota of the Honaunau Bay region”. Intertidal
survey results were separated by the type of habitat surveyed: tidepools, protected habitat, and
rocky shoreline (Figure 14), and included observations of corals, sponges, annelids, mollusks,
sea stars, sea urchins, sea cucumbers, brittle stars, crustaceans, a bryozoan, fish, and algae
(Appendix B). Tidepools were found to contain a rich biota that varied significantly with pool
distance from shore and the associated frequency with which pools were renewed by inputs of
ocean water. Mauka (landward) tidepools were relatively barren with only a few mollusk species
and crabs, while more seaward pools contained dense mats of algae and associated fauna.
Tidepool biota also varied with salinity in pools containing brackish water. Rocky intertidal areas
in protected waters around Keone‘ele Cove contained a relatively sparse biota consisting of dark
colored species of algae, annelids, and mollusks. Biota on exposed rocky shoreline also were
sparse compared to tidepools, and included mostly species suited to high-energy environments,
such as coralline alga, rock-boring urchins, the opihi Helcioniscus exaratus, and barnacles.

Doty (1969) conducted a somewhat more thorough survey of mollusks and algae in PUHQO’s
intertidal than was performed in 1957. The mollusk survey was conducted over three days in
April 1969 by Dr. Allison Kay, who added her new observations to those she had previously
made in 1957, resulting in a total of “approximately 120 marine and brackish species from
habitats from the high shoreline/supralittoral spray zone to shallow subtidal areas (Figure 15,
Appendix C). She noted two unusual mollusk populations, both on basalt substrate in Kapuwai
cove; a colony of two species of marine pulmonates (Melampus sp. and Laemondonta bronni)
that were found in association with littorines and the nerite Nerita picea, which usually occur in
different habitats, and a very small colony of Littorina undulata, which previously had been
recorded in Hawai‘i only from three specimens on Oahu and from a single colony on Maui. She
also made detailed observations of the distribution of species in Keawe-wai tidepool and in two
more seaward pools (Figure 15, Appendix C). The mollusk fauna overall was relatively similar
to that found at Kealakekua Bay to the north, and at another rocky site on Kaua“i island, with
differences attributable primarily to minor differences in habitat. One notable difference was the

37



HONAUNAU BAY

Kapuwai
cove

Keoneele
cove

TIDEPOOLS

PROTECTED HABITAT

E ROCKY SHORELINE
I:j SUBTIDAL AREA

Honaunau

Keokea
Alahaka Bay \
0

Figure 14. Intertidal and shallow subtidal marine habitats surveyed around Honaunau Bay and Pu‘uhonua
Point in 1957. Figure modified from Kay (1986).
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Figure 15. PUHO shoreline/intertidal habitats surveyed in ~1969. Data from Doty (1969).

PUUHONUA PT.

scarcity of opihi (Cellanus exarata and C. sandwichensis) in PUHO compared to Kealakekua
Bay, likely due to heavy harvesting pressure in the PUHO area.

Algae were surveyed in March 1969 (Doty 1969). Surveys included both shoreline and offshore
subtidal observations, although little *seaweed’ was observed below the low tide line. Shoreline
observations were separated by habitat type (exposed, partially sheltered, protected). A total of
55 species were recorded from intertidal and subtidal habitats (Table 5), with thirteen (including
one planktonic species) from “offshore” habitats, leaving at least 42 species from intertidal areas.
Algae in and around Keone‘ele Cove were noted to be unusually abundant and dominated by
species found in association with, or tolerant of, high nutrient concentrations. Their presence was
interpreted as evidence of cesspool leachate impacting the area.

Kimura (1969) assessed the distribution of algae in the littoral zone along PUHO’s shoreline
between Kapuwai cove and the boundary between the ahupua‘a of Honaunau and Keokea (cf.,
Figure 14). Twelve species were discussed with respect to their appearance, use by native
Hawaiians, their distribution, and factors likely to control their distribution (Table 6).
Observations were made primarily during the summer of 1968 and were not quantitative.

Kay et al. (1969) included PUHO in a study evaluating opihi population genetics and
reproduction and growth rates at sites throughout the Hawaiian islands. PUHO data were
collected from May 2004 to March 2005 at a site close to the southern boundary of the park, in
habitat consisting of “low-lying cliffs and outcroppings, and boulder shore”. Three species were
observed in the study — Cellana exarata, C. sandwicensis, and C. talcosa. C. melanostoma was
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Table 5. Algal species recorded from Honaunau Bay and environs in March 1969. From Doty (1969).

Cyanophyta Chrysophyta (cont.) Rhodophyta (cont.)
Calothrix sp. * Cocconeis sp. Champia parvula
Lyngbya sp. Melosira sp. Erythrotrichia sp. *
Trichodesmium sp. ** Phaeophyta Galaxaura sp.

Chlorophyta

Chnoospora pacifica

Gelidiella acerosa

Acetabularia moebii Colpomenia sinuosa Gelidium sp.
Boodlea sp. Ectocarpus breviarticulatus Gelidiopsis scoparia
Chaetomorpha antennina Ectocarpus sp. Griffithsia sp.
Chaetomorpha sp. Padina japonica Hemitrema sp.
Cladophora sp. Lobophore variegata Herposiphonia sp. *
Cladophoropsis adhaerens Sargassum echinocarpum Hypnea sp.
Dictyosphaeria cavernosa Sargassum polyphyllum Jania sp.

Enteromorpha spp.

Sphacelaria tribuloides *

Laurencia subsimplex

Halimeda discoidea *

Turbinaria ornata *

Laurencia spp. *

Microdictyon setchellianum

Rhodophyta

Melobesioid sp. (unidentified) *

Pseudobryopis (?) sp. *

Acrochaetium sp. *

Polysiphonia sp.

Ulva fasciata

Ahnfeltia concinna

Porolithon onkodes

Valonia aegagropila

Alsidium sp.

Pterocladia capillacea

Chrysophyta Centroceras clavulatum Tolypiocladia glomerata *
Ampbhiprora sp. Centroceras minutum Wurdemannia miniata
Amphora sp. Ceramium sp.

* Species noted from “offshore habitats”. Pseudobryopis (?) (sic) was not listed in the original table in Doty (1969)

but is discussed in text.

** Planktonic species noted as often distributed offshore as a dark yellow surface scum.

found to be “synonymous with C. exarata and C. sandwicensis®, presumably based on genetic
data, but no details are provided in the report. No population density data were collected in
PUHO, but a significant number of individuals apparently were collected based on the study
design (14 individuals of each species for reproductive analysis and 5-15 individuals in each of
five size classes for the growth study collected every ~6 weeks). No growth rate data were
obtained due to major tag retention and/or harvesting problems, but reproductive cycling was
inferred from gonad development, with significant spawning in May-July 2004 and November
2004-January 2005, and possibly in September-October 2004. Reproductive and size data
showed that the current minimum size for harvesting (31 mm; applicable to all Cellana spp.) is
appropriate for C. sanwicensis but is too low for C. talcosa, which matures at roughly 35 - 40
mm, and thus probably should not be harvested until at least 40 — 45 mm to allow time for
reproduction.

No quantitative data are available from the ongoing algal survey, but 2005 data include
observations of one alien alga (Acanthophora spicifera) at two locations on tidal benches south
of Pu‘uhonua Point, and it seems likely that it also is present at other sites around the park (C.
Squair, pers. comm. 2006). While A. spicifera does not appear to be a significant threat at this
time, it can be an aggressive competitor and thus may represent a future threat. An interim report
from this project should be available in July 2006 (C. Squair, pers. comm. 2006).
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Threatened green sea turtles (Chelonia mydas) often can be found grazing algae on shallow
subtidal benches around Honaunau Bay, and frequently can be found basking or resting on the
rocky shelf off of Hale o Keawe (Doty 1969, D. Hoover pers. obs. 2004), but no quantitative data
are available on turtle activity in intertidal areas. Comprehensive intertidal habitat, resources, and
threats characterization, and inventory and mapping of intertidal geomorphology and biota by the
NPS Pacific Islands Coral Reef Program (PICRP) is scheduled for PUHO and other National

Parks in Hawai‘i in 2007 (Larry Basch pers. comm. 2005).

Table 6. Algae observed in PUHO’s littoral zone by Kimura (1969).

Species

Hawaiian name

Occurrence/notes

Asparagopsis
sanfordiana

Limu kohu, limu
koko

Only in rocky areas exposed to heavy surf. Most abundant at
Lae limu koko (point just SW of Keawewai), sparse along
coast south towards Keokea

Dictyota spp.

Alani

Grows in clusters in exposed areas, accessible at low-tide

Ahnfeltia concinna

Limu “aki‘aki

Abundant along high tide line in relatively protected areas,
crevices in more exposed areas. Dominates where present.
Preferred food of turtles

Gymogongrus spp.

Ko‘ele, Ko‘ele‘ele

Along edges of exposed shelves or in pockets/cracks in high
energy areas at low-tide depths. Dominates where present

Sargassum spp. Limu kala Grows profusely in areas exposed to surf/tides. Dominates
where present
? Hinakea On exposed shelves away from other algae. May actually be

two closely associated species

Ulva spp. Limu palahalaha, Mostly in protected habitats, often associated with inputs of
Pakaiea nutrient-rich groundwater. Dominates where present. Favorite
food of turtles.

Enteromorpha spp. | Limu‘ele‘ele Only in protected areas of Kapuwai cove where salinity
reduced by brackish groundwater. Thrives in “sandy-rocky”
areas along beach

Laurencia spp. Lipe‘epe‘e On shelves exposed to surf and tidal action.

Valonia utricularis

Lipu‘upu‘u, limu
opihi

On shelves exposed to surf and tidal action, often along top
edge of vertical surface. Occasionally on shells of large opihi.

Dictyosphaeria

Limu pahe‘e

In protected areas during winter (November — February).

‘ula

versluysii Exposed at low tide, grows densely on flat surfaces similar to
those favored by Ulva spp.
Codium edule Wawae‘iola, ‘a‘ala | In protected areas, only exposed at very low tides. Dominates

where present

B.3.g. Coastal Waters

B.3.9.I. Planktonic and pelagic biological resources

Coastal waters off of PUHO provide habitat for phytoplankton and a wide variety of planktonic
and pelagic animals. Plankton studies are relatively uncommon in Hawaiian coastal waters, so it
is not surprising that few plankton data are available. Some data are available from Doty (1969),
which includes data from plankton tows at three sites in Honaunau Bay and at one site in
Alahaka Bay. Pelagic resources around the park have received more attention — Kay (1986)
included some observations of fish in Honaunau Bay from surveys performed in 1957, Doty
(1969) conducted fish surveys along two transects in Honaunau Bay and also discussed sharks,
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porpoises, turtles, and whales in the area, Kimmerer and Durbin (1975) surveyed fish
populations along 36 transects in Honaunau Bay, (Ludwig et al. 1980) surveyed fish populations
on two transects in Honaunau Bay and one in Alahaka Bay, Madden (1980) performed a
reconnaisance survey of fish abundance along one transect in Honaunau Bay, and Ostman-Lind
et al. (2004) discussed dolphin distributions along the Kona coast, including Honaunau Bay. In
addition, in 2005 waters off of PUHO were surveyed for marine vertebrates (primarily reef fish)
with stratification by habitat type and depth using the NPS Inventory and Monitoring criterion of
90% species identification (Beets and Friedlander in prep; Larry Basch pers. comm. 2005).
These studies provide insight into the population status and taxonomic composition primarily of
fishes over time, although methodological differences between earlier and more recent studies
preclude complete quantitative analysis of trends.

- Plankton

No detailed studies have been performed on phytoplankton in waters around PUHO. Doty (1969)
did note that Trichodesmium sp., a planktonic alga, frequently was observed forming “a dark
yellow surface scum” offshore of the park.

Doty (1969) performed zooplankton tows in Honaunau and Alahaka Bays (Figure 16). Tows
were conducted using a 45-cm (18”) diameter conical net with a 300 micron mesh size. Tows
were performed at a depth of approximately one meter (3’) by towing the net in a figure-eight
pattern at a speed of approximately 5 mph (8 kph). Data are reported as the volume and wet
weight of plankton per cubic meter sampled (Table 7). One tow at Station 19 was conducted on
October 31, 1968, with an additional four tows at this station and single tows at Stations 20 — 22
conducted between March 3" and March 12", 1969. Doty (1969) also conducted tows at 7 sites
in the Kealakekua bay area north of the park and at one site midway between Kealakekua Bay
and Honaunau Bay, and concluded that Station 19 at the head of Honaunau Bay was the most
productive site sampled, with an average of 187 mg/m°®, compared to 146 mg/m?® at the next most
productive site, which was in Kealakekua Bay. Samples from more exposed sites north of
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Figure 16. Sites of zooplankton tows conducted ~1969 in the PUHO area. From Doty (1969).
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Table 7. Zooplankton (> 300 um) volume and wet weight in surface (1 m depth) tows around PUHO. See
Figure 16 for station locations. From Doty (1969).

Tide Volume Zooplankton
Station Date/time Height State sampled Volume Wet weight
(feet) (m) (ml/m®) (mg/m®)
19a 10/31/68 10:00 1.1 rising 41.4 0.23 81
19b 3/6/69 13:05 0.1 rising 17.1 0.74 127
19c 3/11/69 9:45 0.4 rising 18.9 0.76 133
19d 3/11/69 14:40 0.1 ebb 215 2.37 403
19e 3/12/69 14:05 0.3 falling 16.6 1.2 192
19-mean 0.4 23.1 1.06 187
20 3/6/69 8:15 0.7 n/a 16.3 0.9 150
21 3/6/69 10:15 0.0 falling 155 0.64 110
22 3/11/69 13:10 0.2 falling 23.9 0.88 141

Honaunau Bay contained considerably less zooplankton, with offshore surface water at the
mouth of Kealakekua Bay containing only 2 mg/m?, and the open coastal site midway between
the bays having only 10 mg/m?®.

- Pelagic fauna

Kay’s 1957 survey focused primarily on intertidal areas and did not include extensive
assessments of subtidal areas (Figure 14, Kay 1986). However, a few observations of subtidal
fauna were made from shore, and some additional fish species were noted from interviews with
local fishermen and included in a species list provided with the report (Appendix B).

Doty (1969) included extensive fish data from four surveys performed by the State of Hawai‘i
Department of Fish and Game along two 250-yard (230 m) transects in Honaunau Bay (Figure
17). Surveys were conducted in June, August and October of 1968 and in February 1969 by
recording data (species, abundance and size) on all fish within 20 feet (6 m) of the transect line.
(Appendix D). Results were used to estimate fish biomass in pounds per acre. Results from the
Honaunau transects were compared to results from five similar transects in Kealakekua Bay. The
number of species observed at each station varied between surveys, but averages over the four
surveys were similar across stations (mean 48, range 39 — 57). A total of 98 species were
observed in Honaunau Bay, compared to 110 in Kealakekua Bay, with yellow tangs (Zebrasoma
flavescens) and kole (Ctenochaetus strigosus) “the commonest and most numerous species in
both bays’. Fish were most abundant overall along transect 7 in Honaunau Bay (average 1,833
per survey), but abundance on transect 6 (1,604/survey) and at a nearshore transect adjacent to
the Captain Cook monument in Kealakekua Bay (Station 2; 1,740/survey) were only slightly
lower. Biomass was greatest on transect 6, averaging 438 Ib/acre, followed by transect 2 in
Kealakekua Bay at 325 Ib/acre. Biomass on transect 7 in Honaunau Bay averaged 289 Ib/acre.

In addition to quantitative survey data, Doty (1969) also included incidental observations on
sharks, porpoises, turtles, and whales in the area. Sharks were rarely seen in Honaunau Bay, but
“more often frequent[ed] the exposed bays to the south, Alahaka and Kiilae, and ... were also
sporadically observed offshore between Honaunau Bay and Alahaka Bay” (Doty 1969). In
contrast, the shark population in Kealakekua Bay was judged to be “moderate”, based on a catch
of six sharks on a line stretched overnight across the mouth of the bay. Porpoises (Stenella sp.)
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Figure 17. Transects used for fish surveys in Honaunau Bay in 1968 — 1969. From Doty (1969).

were observed on one occasion in Honaunau Bay, and area residents commented that the school,
which normally resided at Kealakekua Bay, commonly visited the Bay in the early morning.
Turtles were observed during fish surveys by divers “approximately every third day, singly and
in pairs”. Turtles also frequently were seen during the afternoon “eating seaweed (in particular
Ulva fasciata) on the shallow reef flat. Residents commented that groups of ten to fifteen turtles
often were present during high seas. Whales were not noted from inside Honaunau Bay, but on
one occasion “a small school of pilot whales was observed ... swimming north 500 m off
Honaunau Bay. Fishermen claim they are common in winter with the offshore current southerly
and strong, leaving in spring as the current slows and turns northwest”.

Kimmerer and Durbin (1975) performed fish surveys in Honaunau Bay for a study evaluating the
bay’s suitability for protection as a marine conservation district. They surveyed 36 100 m (110
yard) transects in the bay (counting fish observed within 2.5 m/8’ on each side) and grouped
results by three major habitat zones: inshore (6 transects), mid-reef (26 transects), and outer reef
(4 transects) (Figure 18). Results were reported as abundance (#/1000 m?), biomass (kg/1000
m?), species diversity (Shannon-Weaver index), and species/transect and were compared to
similar results obtained from eight other sites, including Kealakekua Bay (Table 8). A total of
108 species were observed on transects, with 73 on inshore transects, 92 on mid-reef transects,
and 56 on outer reef transects, with an additional 16 noted off transects and thus not included in
quantitative surveys (Appendix E). Similar results were found at Kealakekua Bay, with 104
species total and 57, 93, and 70 species on inshore, mid-reef, and outer reef transects
respectively. The number of species in Honaunau Bay was higher than observed previously by
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Doty (1969) (108 versus 98), but significantly more unreplicated area was surveyed by the later
study (36,000 vs 5,500 m?). Abundance also appears to be higher in the later study (1,280 vs
616/1000 m?), while biomass appears lower (25.3 vs 40.8 kg/1000 m?). The ten most abundant
species on inshore, mid-reef, and outer reef habitats are listed in Table 9.

Ludwig et al. (1980) censused reef fish on transects in three different habitat “zones” around
PUHO from 1975 — 1978. Censuses were performed during the summer in an inshore “boulder
zone” in Alahaka Bay, and in “coral-rich” and “drop-off” zones in Honaunau Bay (Figure 19).
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Figure 18. Transect locations in Honaunau Bay used for ~1975 surveys. From Kimmerer and Durbin
(1975).

Table 8. Results from fish surveys along transects in Honaunau Bay conducted in ~1974 - 1975. Results
from surveys in Kealakekua Bay also are shown for comparison. IN = inshore, MR = mid-reef, OR =
outer reef. Data from Kimmerer and Durbin (1975).

Honaunau Kealakekua

Parameter IN MR OR IN MR OR
Number of transects 6 26 4 2 26 10
Depth range (m) 1.0-7.0 3.0-16.0 | 120-20.0 | 3.0-50 3.0-13.0 | 12.0-25.0
Abundance (#/1000 m%) 1098 1312 1379 987 1163 1125
Biomass (kg/1000 m?) 25.6 25.2 25.9 24.9 25.1 30.8
Diversity index 2.53 2.36 2.22 2.56 2.34 2.40
Species (#/transect) 37 38 35 40 34 35
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Three to five surveys were conducted on each transect in each year. Despite the smaller area of
unreplicated habitat surveyed compared to Doty (1969) and Kimmerer and Durbin (1975) (1,500
m? versus 5,500 and 18,000 m? respectively), significantly more species were identified, with
126 observed along transects and 37 more noted during reconnaisance dives in the area
(Appendix F). Species abundance and diversity from transect surveys are summarized in Table
10 with the ten dominant fish species on each transect listed in Table 11. Species commonly
found on transects generally were similar to common species observed in earlier surveys
(Appendices D and E, Table 9), but average abundances on the three transects varied from 1,300
to 1,700/1000 m?, higher than previous studies in 1975 (1,280/1000 m?; Kimmerer and Durbin
1975) and in 1968 — 1969 (616/1000 m?; Doty 1969), suggesting that “Honaunau Bay appear[ed]
to be recovering from previously documented human exploitation”. Consistent with the greater
number of species observed, diversity indices at the three transects were slightly higher (~2.7 —
2.85) than indices calculated by Kimmerer and Durbin (1975) for their inshore, mid-reef, and
outer reef zones (~2.2 — 2.5). The study also documented some temporal variability in
community structure and abundance: “changes in diversity and number of species showed
generally parallel trends with a gradual annual increase in each habitat and a slight decrease in
1978. The total number of fish observed on each transect followed similar trends”. The study
identified three new species, one species not previously known from Hawai‘i, and observed
“several very rare species” in Honaunau Bay.

Table 9. Relative abundance (% of total number) of the ten most common fish species found on inshore,
mid-reef, and outer-reef transects in Honaunau Bay in ~1975. Common or Hawaiian names are used
where possible. From Kimmerer and Durbin (1975).

Inshore Zone Mid-reef Outer Reef

Species % | Species % | Species %
Lavender tang 19.3 | Kole 25.2 | Chromis agilis 30.7
Kole 16.1 | Chromis agilis 19.9 | Kole 19.3
Yellow tang 11.7 | Yellow tang 18.0 | Yellow tang 18.1
Hinalea lauwili 9.9 | Pebbled butterfly 6.6 | Acanthurus thompsoni | 5.6
Jenkins' damsel 6.6 | Hinalea lauwili 3.3 | Pebbled butterfly 4.1
‘Omaka 5.0 |Blue damsel 2.3 | Black damsel 3.2
Pebbled butterfly 3.5 | Potter's angel 2.3 | Hinalea lauwili 2.6
Chromis vanderhbilti 3.2 | Chromis hanui 2.2 | Kala 2.4
Achilles tang 2.6 | Lavender tang 1.8 | Scarus sordidus 1.7
Plectroglyphidodon 2.6 | Black damsel 1.7 | Potter's angel 15
imparipennis
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Figure 19. Transects (CR, DO, B) used for fish censuses off of PUHO from 1974 — 1978. From Ludwig et
al. (1980).
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Table 10. Number of fish species and fish abundance observed along transects off PUHO in the summers
of 1975 — 1978. Yearly values are averages of 3 — 5 surveys (n) per year. HI = Shannon-Weiner (sic)
diversity index, HWmax = Maximum diversity index, J = Equitability, s> = Variance. Modified from
Ludwig et al. 1980. See Figure 19 for transect locations.

n Species Abundance HI HWmax J s?
(#/transect) | (#/transect)
Boulder
1975 4 47 612.2 2.2946 3.8502 | 0.5960 | 0.0033
1976 5 59 664.7 2.4375 4.0775 | 0.5978 | 0.0029
1977 3 56 1024.4 2.9294 4.0254 | 0.7277 | 0.0015
1978 3 53 812.1 5.8294 3.9703 | 0.7127 | 0.0021
All Years | 15 88 754.12 2.6958 4.4773 | 0.6021 | 0.0029
Average 54
Drop-off
1975 4 49 500.4 25433 3.8918 | 0.6535 | 0.0035
1976 5 68 853.8 2 5742 42195 | 0.6101 | 0.0025
1977 3 65 1164.5 2.9864 41744 | 0.7154 | 0.0014
1978 3 59 1048.9 2.9317 4.0775 | 0.7190 | 0.0015
All Years | 15 93 860.7 2.8328 4.5326 | 0.6250 | 0.0024
Average 60.5
Coral-rich
1975 4 53 391.9 2.6840 3.9763 | 0.6760 | 0.0041
1976 5 65 580.7 2.7208 4.1744 | 0.6518 | 0.0031
1977 3 66 968.4 2.8245 4.1897 | 0.6742 | 0,0017
1978 3 57 868.3 2.7287 4.0431 | 0.6749 | 0.0017
All Years | 15 95 665.2 2.8503 45539 | 0.6259 | 0.0027
Average 60.4
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Table 11. The ten dominant fish species on transects surveyed around PUHO from 1975 — 1978. Yearly
values are averages of 3 — 5 surveys per site per year. R = rank (1 = most abundant). Al = percent of total
represented by listed species. Modified from Ludwig et al. 1980.

1975 1976 1977 1978 Overall

R | Al R | Al R | Al R | Al R | Al
Boulder zone
Ctenochaetus strigosus 1 30.9 1 | 288 1 21.7 1 19.9 1| 2438
Acanthurus nigrofuscus 2 23.0 2 | 157 2 11.6 2 16.5 2 | 16.0
Zebrasoma flavescens 3 10.1 3 | 117 3 10.6 3 12.2 3| 109
Thalassoma duperrey 5 6.1 4 9.1 4 9.4 5 6.2 4 7.6
Chaetodon multicinctus 7 2.5 6 6.0 5 9.1 4 6.9 5 6.0
Paracirrhites arcatus 4 6.7 5 6.7 6 6.0 6 51 6 6.0
Eupomacentrus fasciolatus 6 4.2 7 3.7 7 5.7 7 45 7| 44
Plectroglyphidodon 10 1.4 8 3.3 8 4.6 10 2.0 8 2.3
johnstonianus
Stethojulis balteata 9 1.6 9 3.0 8 2.3 9 1.7
Halichoeres ornatissimus 10 1.6
Acanthurus leucopareius 8 2.0
A. achilles 9 15
Canthigaster jactator 10 1.3 9 2.2
Acanthurus nigroris 10 2.9
Total 88.4 87.9 84.6 77.8 81.3
Drop-off zone
Ctenochaetus strigosus 1 25.0 2 | 216 1 17.5 2 15.7 11189
Chromis vanderbilti 2 18.9 1 ] 26.9 3 9.9 1 15.9 2 | 17.7
Zebrasoma flavescens 4 10.0 4 6.2 2 12.8 3 12.2 3| 97
Acanthurus nigrofuscus 3 11.8 3 7.6 5 7.5 4 8.2 4| 80
Thalassoma duperrey 6 6.1 7 4.2 4 8.1 5 59 5| 53
Chromis agilis 5 7.0 5 52 8 3.7 6 52 6| 49
Chaetodon multicinctus 7 2.5 6 45 6 6.6 7 5.0 7| 47
Chromis hanui 8 2.7 9 2.1 7 5.0 10 2.8 8| 3.0
Halichoeres ornatissimus 10 2.3 10 2.0 9 2.6 8 3.0 9| 24
Centropyge potteri 9 2.3 8 2.6 10 2.0 10 | 22
Hemitaurichthys thompsoni 9 2.8
Total 88.6 82.9 75.7 76.7 76.8
Coral-rich zone
Ctenochaetus strigosus 1 18.9 3 | 148 2 15.9 1 16.9 11156
Zebrasoma flavescens 3 14.7 4 | 111 1 17.5 2 15.2 2 | 139
Chromis agilis 2 18.6 2 | 158 5 7.0 4 11.0 3] 11.9
C. vanderbilti 10 1.7 1 ] 16.2 3 9.6 3 12.2 4 |104
Chaetodon multicinctus 4 10.0 5 8.3 4 9.1 5 10.5 5| 89
Thalassoma duperrey 5 54 6 6.1 7 5.6 7 51 6| 54
Centropyge potteri 7 3.8 9 2.6 6 6.7 9 2.1 7| 37
Acanthurus nigrofuscus 8 52 6 55 8| 32
Chromis hanui 6 4.4 7 3.0 9 2.6 10 1.7 9| 25
Plectroglyphidodon 9 2.6 8 2.9 10 2.4 8 2.5 10 | 25
johnstonianus
Chaetodon ornatissimus 8 2.6
Abudefduf abdominalis 10 1.9
Total 82.7 82.7 81.6 827 78.0
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Madden (1980) conducted a reconnaisance survey at a site near the head of Honaunau Bay that
was being considered for a new small-boat launching ramp (Figure 20). Eighty- one fish species
were noted in the immediate vicinity of the site at depths to 11 m (35’), but only qualitative
observations were made of species diversity and abundance (Table 12). Diversity and abundance
both were characterized as high, with large aggregations of surgeonfishes and wrasses in the
‘surge zone’ (the area from the shoreline to ~10 m/30’ from shore, with depths to approximately
4.6 m/15’), and damselfishes, butterflyfishes, and surgeonfishes dominating the deeper “coral
zone’ (4.6 m/15’ to about 18 m/60” depth).

Dominant species noted included “the baitfish, Spratelloides delicatulus, the wrasse, Thallasoma
duppereyi, and the surgeonfishes, Acanthurus nigrofuscus, Zebrasoma flavescens, and
Ctenochaetus strigosus. S. delicatulus occurs in the upper water column of the nearshore zone in
large separate schools of adult, juvenile and post-larvae. The surgeonfishes, A. nigrofuscus, Z.
flavescens and C. strigosus occur in large, mixed aggregations in the surge zone at the water’s
edge and the extensive coral growths covering the bottom at a depth of approximately 15 feet
[4.6 m]. The wrasse, T. duperreyi was observed throughout the study area” (Madden 1980).
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Figure 20. Location of nearshore region (“Springboard” area) of Honaunau Bay surveyed by Madden
(1980). Angles show the approximate exposure of sites to swell energy (Madden 1980).
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Table 12. Fish species observed near the head of Honaunau Bay by Madden (1980). Abundance codes
are: 1 = dominant species; abundant, 2 = common species, not dominant; or dominant but not abundant, 3
= occasional (several individuals sighted in the transect area), and 4 = uncommon or rare (one, or at most
a few, individuals sighted in an area).

Species

Abundance

Species

Abundance

Spratelloides delicatulus

1

T. ballieui

3

Chanos chanos

T. fuscum

Saurida gracilis

Gomphosus varius

Lycodontis meleagris

Coris gaimardi

Belone platyura

Stethojulis balteata

Fistularia commersoni

Anampses cuvieri

Flammeo sammara

Calotomus sandwicensis

Adioryx lacteoguttatus

Scarus sordidus

Myripristis sp.

S. dubius

Cephalopholis argus

S. rubroviolaceus

Priacanthus cruentatus

S. perspicillatus

Mulloidichthys flavolineatus

Zanclus cornutus

M. vanicolensis

Acanthurus triostegus sandvicensis

Parupeneus pleurostigma

A. guttatus

P. chryserydros

A. achilles

P. porphyreus

A. leucopareius

P. multifasciatus

A. glaucopareius

P. bifasciatus

A. nigrofuscus

Monotaxis grandoculis

A. nigroris

Forcipiger longirostris

A. olivaceus

F. flavissimus

Ctenochaetus strigosus

Centropyge potteri

Zebrasoma flavescens

Chaetodon fremblii

Z. veliferum

C. unimaculatus

N. lituratus

C. ornatissimus

Exallias brevis

C. quadrimaculatus

Cirripectes variolosus

C. multicinctus

C. obscurus

Paracirrhites arcatus

Plagiotremus ewaensis

P. forsteri

Rhinecanthus rectangulus

Cirrhitus pinnulatus

Melichthys niger

Cirrhitops fasciatus

M. vidua

Abudefduf abdominalis

Sufflamen bursa

Abudefduf sordidus

Pervagor spilosoma

Plectroglyphidodon imparipennis

Cantherhines sandwichiensis

P. johnstonianus

Ostracion meleagris

Stegastes fasciolatus

Lactoria fornasini

Labroides phthirophagus

Arothron hispidus

Chromis vanderbilti

Canthigaster jacator

C. hanui

C. amboinensis

C. leucurus

Diodon hystrix.
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Thalassoma duperreyi
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Data are not yet available, but a 2005 survey in waters off of PUHO (Beets and Friedlander in
prep.) will provide a quantitative assessment of marine vertebrates (primarily reef fish) with
stratification by habitat type and depth using the NPS Inventory and Monitoring criterion of 90%
species identification. These data will provide an excellent opportunity for comparison to earlier
studies, and for comparison to ongoing monitoring of reef fish in other areas along the Kona
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coast by the West Hawai‘i Aquarium Project (WHAP —
http://www.coralreefnetwork.com/kona/).

In addition to fish, there are a number of other pelagic animals found in park waters that are of
special interest. Threatened green sea turtles (Chelonia mydas) frequently are seen in Honaunau
Bay (Doty 1969; D. Hoover pers. obs. 2004), and the endangered hawksbill turtle (Eretmochelys
imbricata) is known infrequently from waters off the Kona coast (Beavers and Marrack in prep.
2005). Green sea turtles regularly feed in coastal waters around PUHO, and occasionally haul out
on rocks and ledges around the perimeter of the bay, making them vulnerable to changes in
habitat and water quality in the around the park. Sharks and manta rays occasionally are sighted
in the waters around the park (Doty 1969), and spinner dolphins (Stenella longirostris) are
thought to use Honaunau Bay as a primary resting area (Ostman-Lind et al. 2004). Park waters
also may be visited by endangered Hawaiian monk seals, and whales, including endangered
humpback whales (Megaptera novaeanglia) can be found in offshore waters.

B.3.g.ii. Subtidal benthic resources

Subtidal areas around PUHO have a varied benthic geomorphology, often overlain with
biogenically-structured habitats that combine to form a topographically complex range of
substrates (Figures 4, 11, 12). These provide the foundation for diverse benthic communities,
ecological processes, and resources. For example, corals are found throughout coastal waters, but
the most extensive colonies are found along nearshore submarine cliffs (also known as the “Kona
drop”) and in deeper waters offshore of the cliffs (Figures 11, 12). Shallow subtidal sands in
Keone‘ele Cove appear to provide only minimal habitat for benthic organisms (Kay 1986), but
infauna and meiofauna have not been characterized. There are no significant areas of muddy
sediments around the park, but there are extensive areas of unconsolidated sand substrate at the
base of the forereef slope in Honaunau Bay and offshore of Alahaka and Ki‘ilae Bays (Figures
11, 12). Benthic resources around PUHO have been the subject of a number of surveys, often in
association with the surveys of fish and other biota discussed above. However, most of the work
has focused on distribution and abundance of corals and urchins, with only a few observations on
benthic algae and crustaceans. Recent work has focused on using remote sensing data (aerial
photographs and satellite images) to characterize the distribution of habitat types, particularly
coral communities.

Kay (1986) included some description of benthic resources in Honaunau Bay from survey work
conducted in 1957. The survey was intended to provide only “a generalized picture of the marine
biota of the Honaunau Bay region” and was conducted primarily from shore, but in a discussion
of the “shallow waters of the bay”, she observed that “at low tide the depth of shallow regions
within 100 feet [30 m] of shore is less than 3 ft [1 m]. The rocks are strewn with echinoderms;
particularly noticeable are the bright-red, flat-spined Heterocentrotus mammillatus, which may
be 6 in. [15 cm] in diameter, and the black, long-spined Centrechinus paucispinus. The debris-
carrying Tripneustes also occurs here. The holothurians, Holothuria atra and Actinopyga
mauritania are also numerous. In the deeper waters (5-7 ft [~2 m]), large heads of coral are
present: the white Pocillopora meandrina var. nobilis, and large yellow and purple heads of
Porites spp.” Several species of mollusks, two ophiuroids, and two additional species of sea
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urchin also were listed under the “subtidal” heading in the species list included with the report
(Appendix B).

The abundance and distribution of sea urchins were surveyed in Honaunau Bay in 1968 (Ebert
1971) along three transects “just north of the canoe landing at Honaunau village”. Transects
started “just shoreward of the dropoff” and ran perpendicular to shore. Substrate primarily was
living coral, and “consisted of very large coral mounds, separated by coral-filled valleys”,
resulting in significant vertical relief. Depths varied from 10 to 35 feet (3 to 10 m). Observations
were made using a plotless point-quarter method and separated into two groups based on spatial
distributions, one with a mean density of 2.14/m?, and a second of 1.08/m?. Heterocentrotus
mammillatus was by far the most abundant species in both groups, making up 98% of total
numbers in the first group and 92% in the second. The remaining observations all were of
Echinothrix spp. (E. calamaris and E. diadema, with data from both species pooled due to
uncertainty in species identification). Observations also were made using quadrats along a
transect at a site “1 mile south of Honaunau”, from 20 to 60 feet (6 — 18 m) depth on lava
substrate. Urchin densities at this site were not reported but the population was reproted to
consist of H. mammillatus (45% of total numbers), Tripneustes gratilla (30%), Echinometra sp.
(20%), and Eucidaris metularia (5%), and the urchin community was observed to be less
abundant but more diverse than at Honaunau Bay. Echinothrix sp. was not observed at this site.

Doty (1969) performed extensive assessments of coral and echinoderm distributions in subtidal
habitats in Honaunau Bay. Some observations also were made on algae, mollusks, and
crustaceans, but less work was performed on these groups because of their relatively
“inconspicuous role” in the ecosystem, which he ascribed to their preference for “high inorganic
fertilizer ... and detritus [especially bivalve mollusks]... Emphasis was increased accordingly on
the showpieces of Honaunau Bay, the corals, ... gastropod mollusks and echinoderms”. The
overall distribution of corals in Honaunau Bay was portrayed graphically as a band extending
from just offshore to the sand bed at the bottom of the Bay (Figure 11).

Coral and urchin surveys were performed along four transects in Honaunau Bay and one in
Alahaka Bay (Figure 21). Only seven coral species were observed along transects: Porites
compressa, P. pukoensis, Pavona varians, Pocillopora meandrina, Montipora spp., Leptastrea
purpurea, and Cyphastrea ocellina. Observations of P. pukoensis probably actually were P.
lobata, as later surveys did not find P. pukoensis (a rare species in Hawai‘i) but did note P.
lobata in abundances similar to those observed by Doty (1969) for P. pukoensis. Species also
observed but not counted on transects included Fungia scutaria (near the shallow end of
Transect 1) and Sarcothelia edmondsoni and Polythoa sp. (“both observed at a depth of less than
one fathom [6°/2 m] in contaminated Keone-eli cove and elsewhere”). They also noted five
species that were “found in varying abundances at nearby areas along the Kona coast” but were
not found on their survey: Pocillopora damicornis, Psammocora stellata, Leptoseris
hawaiiensis, Pavona explanata, and P. minuta. Diversity overall was characterized as low, with
diversity indices (cf., Shannon and Weaver 1949) of 0.846 for Honaunau Bay and 0.876 for
Alahaka Bay. Total coral cover was significantly higher on transects in Honaunau Bay (68%)
than on Transect 5 in Alahaka Bay (34%) (Table 13).
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Figure 21. Underwater transects used for 1969 coral and urchin surveys. Transect 5 was located in
Alahaka Bay, just south of the area in the map, starting “several meters in from the northwest extremity of
[the] bay”, and running along a heading of 153° magnetic. From Doty (1969).

Distributions of coral species along each transect showed that there was significant onshore-
offshore and depth zonation (Figure 22). Two species dominated areal cover: Porites pukoensis
(probably P. lobata) covered 35% of the substrate in Honaunau Bay and 19% in Alahaka Bay,
while P. compressa was only slightly less widespread, covering 28% and 13%, respectively
(Table 13). These two species combined were responsible for greater than 90% of total coral
cover. Most of the variability in total cover on the four transects in Honaunau Bay was due to
variations in P. compressa, suggesting that P. compressa was “sensitive to local variations in
ecological conditions” compared to other species, particularly P. pukoensis (probably P. lobata).
The relative absence of P. compressa in shallow regions of Transect 3, off of Keone‘ele Cove,
compared to a comparable portion of Transect 2, was interpreted as evidence of the effect of
pollution (from cesspools inland of the cove) on P. compressa survival. Depth variations in
relative abundance showed that P. pukoensis (probably P. lobata) was relatively more abundant
in shallow waters (~10 — 25 feet/3 — 8 m) than in deeper waters, while P. compressa was more
abundant in deeper waters (~25 — 45 feet/8 — 14 m; Figure 23). Total coral cover also varied

significantly with depth on all transects, with maximum cover observed at depths between about
15 and 30 feet (5 — 9 m) (Figure 24).
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Table 13. Coral cover on transects in Honaunau and Alahaka bays. From Doty (1969).

Honaunau Bay Alahaka Bay
(4 transect average) (1 transect)

Species % cover % total coral cover % cover % total coral cover
Porites pukoensis * 34.64 51.15 18.54 54.72
Porites compressa 27.54 40.66 12.90 38.07
Pavona varians 3.60 5.31 - -
Leptastrea purpurea 0.68 1.00 -- --
Pocillopora meandrina 0.50 0.73 1.61 4.75
Montipora spp. 0.50 0.73 0.80 2.36
Cyphastrea ocellina <0.50 <0.50 -- --
Total 67.5+ 99.6+ 33.8 99.9

* probably P. lobata

Urchin surveys identified seven common subtidal species: Heterocentrotus mammillatus,
Echinometra mathaei, E. oblonga, Echinothrix diadema, E. calamaris, Tripneustes gratilla, and
Colobocentrotus atratus, with C. atratus found only in the surf zone. Three other species also
were observed but only rarely: Echinostrephus aciculatus, Eucidaris metularia, and Diadema
paucispinum. E. mathaei and E. oblonga were most abundant at depths less than 15 feet (5 m),
while H. mammillatus was the most abundant species from 20 to 45 feet (6 — 14 m) depth (Figure
25). Depth distributions of these three species were relatively similar across transects, with
Transects 2 and 3 having somewhat greater E mathaei abundances in shallow regions (5 -7
feet/1.5 — 2.1 m) than the other transects (Figure 26a), and Transect 3 exhibiting a peak in H.
mammillatus abundance at 18 —21 feet (5.5 — 6.4 m) depth (Figure 26b).

Subtidal algae were observed only rarely by Doty (1969), as “the great majority of benthic
species [were] restricted to the shoreline”. He provided a general description of the occurrence
and distribution of some algae in “offshore habitats”:

“The dominant alga in the Honaunau environs in terms of area coverage is a melobesioid encrusting
sheltered surfaces of finger coral (Porites compressa). The second dominant is the red alga
Tolypiocladia glomerata. It also grows in finger coral interstices and is exceedingly abundant on all
the steeper slopes of the bay from three to at least 15 fathoms depth. However, this species also is
found in trace quantities along the entire shoreline, in both exposed and protected areas.

Halimeda discoidea and Turbinaria ornata were found in interstices of castle coral (Porites
pukoensis), the latter in more exposed areas such as along the shoreline north and south of Honaunau
Bay.

Algal turfs and encrustments occur commonly on boulders and on dead coral, and in more exposed
regions may contain rich floral aggregations of green, red, brown and blue-green algae. For instance,
a one-half cm high brownish-colored mat on boulders near Keomo Point consisted primarily of
Laurencia sp., with varying amounts of the genera Herposiphonia, Erythrotrichia, Acrochaetium,
Pseudobryopis (sic), Sphacelaria and Calothrix represented.”

Doty’s (1969) map of benthic habitats in Honaunau Bay also appears to show benthic algae in
nearshore areas off of Kapuwai and Keone‘ele Coves (Figure 11).
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Figure 22. Coral distribution along transects in Honaunau Bay (a — d) and in Alahaka Bay (e) in 1968 —
1969. Note differences in depth scales on bottom axes. From Doty (1969).
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Figure 23. Variations in total coral cover and cover by major species with depth along transects in
Honaunau Bay and Alahaka Bay. From Doty (1969).
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Figure 24. Variations in total coral cover with depth along transects in Honaunau Bay and Alahaka Bay.
Relative abundance scale (y-axis) is based on the presence or absence of coral under the corners of and
within the quadrat surveyed: “X” indicates coral was absent at corners but present within the quadrat, “4”
indicates presence at all four corners. From Doty (1969).
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Figure 25. Variations in urchin density with depth for the five dominant subtidal species on transects in
Honaunau Bay. Data for Transect 5 in Alahaka Bay are not included but “populations did not differ
significantly from Honaunau Bay”. From Doty (1969).
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Figure 26. Variations in urchin density with depth on transects in Honaunau (Transects 1 — 4) and
Alahaka (Transect 5) bays. (a) Echinometra mathaei and E. oblonga. (b) Heterocentrotus mammillatus.
Note difference in y-axis scales. From Doty (1969).

Subtidal mollusks were not surveyed by Doty (1969), but the mollusk fauna that might be
expected in the bay was discussed: “The subtidal fauna of the bay is apparently similar to that
found in Kealakekua Bay, although there may be a somewhat less diverse fauna associated with
a less diverse coral biota. The common larger and more spectacular mollusk such as the helmet
shell, Cassius cornuta, the tiger cowry, Cypraea tigris, and the triton, Charonia tritonis, should
all be found at depths of 10 feet [3 m] or more in the bay, and sand pockets should harbor a
number of species of auger shells, Terebra spp., and bivalves such as tellinids.”
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Crustaceans were not surveyed quantitatively, but notes were provided on the occurrence and
distribution of subtidal shrimp, lobsters and crabs:

Shrimp

The only larger crustacean seen in numbers was the “cleaning shrimp”, Stenopus hispidus. Although
it seems likely that many smaller decapods live among the deep interstices of the coral, it seems
equally likely that such crustaceans would occur among the coral rubble bordering the deep sand.
Several coral fragments were overturned without noting such crustacea.

Lobsters

The population of spiney lobsters (Panulirus japonicus) in the area was thought scant considering the
amount of cover. A few were observed in deep crevasses along the rough shoreline north of Alahaka
Bay, and in “pukas” or cracks near the bases of several exposed boulders northwest of Hale-o-Keawe.

Spiney lobsters prefer rough waters and are hence in greater abundance along the windward side of
Hawaii. Also, as might be expected, there is a human foraging factor affecting the population size.

The occurrence of lobsters sharply increases approaching the uninhabited regions south of Honaunau
beyond Hookena.

Slipper lobsters (Parabaccus antarcticus) were not observed. They are often gathered in shallow
waters of Oahu for human consumption.”

Crabs
The Kona crab (Ranina serrata) is commercially the most valuable crab in Hawaii. Because of the
bottom topography, however, they are not trapped in Honaunau Bay.

Kona crabs were not observed by SCUBA divers during the present study as, besides their habitat, the
crabs are dawn feeders. They remain burrowed in sand during the day. Kealakekua Bay has a flat
sandy bottom at depth 300 feet [90 m]. Here Kona crabs are trapped. A similar sandy shelf exists at
depth 200 feet [60 m] 500 m [550 yds] off Puuhonua Point and extends south 150 m [160 yds] off
Alahaka Bay. Kona crabs are sporadically trapped at this depth off Alahaka Bay, and in times past it
is reported the population has been severely decimated in this manner.

The red pebblecrab (Etisus splendidus) was infrequently observed around Honaunau. Seven-eleven
crabs (Carpilius maculatus) are caught at night with lights along the rough shoreline south of
Puuhonua Point and in shallow waters off Miana Point.”

Kimmerer and Durbin (1975) performed quantitative and semi-quantitative benthic surveys
along 36 inshore (6), mid-reef (26), and outer reef (4) transects (Figure 18). Surveys included
assessments of coral species and cover, macroinvertebrate species and abundance, and algal
species and relative abundance (Table 14). Because “many of the common marine invertebrates
are cryptic” and only larger visible organisms were noted, counts probably underestimated
invertebrate abundances, particularly smaller species. A diversity index was computed only for
echinoderms (starfish, sea urchins, and sea cucumbers), “because many [invertebrates] were
identified only as far as family or genus, and because many of the mollusks and crustacea are
cryptic”. The dominant species of coral along all transects were Porites lobata and P. compressa,
with all other species occurring at less than 5% bottom cover (Table 15). Macroinvertebrates
consisted mostly of echinoderms, with sea urchins occurring at the highest densities (Table 16).
Tripneustes gratilla and Echinometra mathaei were the most abundant urchins, with densities
>100/m? on the inshore transects. “Common” urchins (10 — 100/m?) included Echinothrix sp.
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(inshore and mid-reef), Eucidaris metularia (mid-reef), Chondrocidaris gigantea (mid-reef), T.
gratilla and E. mathaei (mid- and outer reef), E. mathaei oblonga (inner reef), and
Heterocentrotus mammillatus (all three habitats). Few algae were observed on the transects, with
only one “unspecified encrusting” species considered “dominant”, and only on inshore transects
(Table 17). The same unidentified species was considered “common” on mid-reef and outer reef
transects. The only other species considered “common” was Jania sp. on mid-reef transects. All
other species were considered uncommon or were noted off of transects.

Table 14. Results from benthic surveys performed along transects in Honaunau Bay in ~1974 - 1975.
Results from Kealakekua Bay also are shown for comparison. IN = inshore, MR = mid-reef, OR = outer
reef. Diversity is expressed “using the Shannon-Weaver method”. After Kimmerer and Durbin (1975).

Honaunau Kealakekua
Parameter IN MR OR IN MR OR
Number of transects 6 26 4 2 26 10
Depth range (m) 1.0-7.0 3.0-16.0 | 12.0-20.0 | 3.0-5.0 3.0-13.0 | 12.0-25.0
Coral cover (%) 25 57 52 60 72 60
Coral diversity 0.2 0.7 0.9 0.3 0.9 1.1
Coral species 2 4 5 4 3 3
(#/transect)
Macroinvertebrates 305 141 66 297 376 123
(#/100 m2)
Echinoderm diversity 1.2 1.5 1.4 1.1 1.1 0.8
Algae (species/transect) 1 3 3 0 2 3

Table 15. Coral species and relative abundance along transects in Honaunau Bay in ~1974 - 1975. Results
from surveys in Kealakekua Bay also are shown for comparison. IN = inshore, MR = mid-reef, OR =
outer reef. Relative abundance codes are: 1 = seen in habitat but not counted on transect, 2 = counted on
transect but < 5% bottom cover, 3 = common -5 to 25% bottom cover, 4 = dominant - >25% bottom
cover. After Kimmerer and Durbin (1975).

Honaunau Kealakekua

Species IN MR OR IN MR OR
Sarcothelia edmondsoni 1 1 1 - 2 -
Psammacora verrilli - 2 1 - 2 3
P. stellata - - - - 1 2
Pocillopora damicornis - - 1 - 1 2
P. meandrina 2 2 2 2 2 2
Montipora verrucosa 2 2 - 2 2 2
Montipora verrilli - 2 1 - 2 2
Pavona varians 2 2 2 2 3 3
P. explanulata 1 - - 1 1 2
Leptoseris encrustans - - 1 - 2 -
Fungia scutaria - 1 - - 1 -
Porites lobata 4 4 3 4 4 4
P. compressa 3 3 4 3 4 4
P. brighami - 2 - - - -
L. purpurea - - - - 1 1
Cyphastrea ocellina - 1 1 - 1 1
Tubastrea aurea - 2 - - - -
Palythoa sp. - 2 - - 2 2
Cycloseris vaughan - - - - 1
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Table 16. Macroinvertebrate species and relative abundance along transects in Honaunau Bay in ~1974 -
1975. Results from surveys in Kealakekua Bay also are shown for comparison. IN = inshore, MR = mid-
reef, OR = outer reef. Relative abundance codes are: 1 = seen in habitat but not counted on transect, 2 =
uncommon — less than 10/100 m?, 3 = common — 10 to 100/m?, 4 = dominant - >100/m?. After Kimmerer
and Durbin (1975).

Honaunau Kealakekua
Species IN | MR | OR IN | MR | OR
Porifera
Demospongia sp. | - | 1 | - | 1 | - | -
Platyhelminthes
Polycladida sp. | - | - | - | 1 | - | -
Annelida
Terrebellidae sps. 1 - - - - -
Spirobranchus sp. 2 2 2 2 2 2
Arthropoda
Panuliris sp. - 1 - - - -
Anomura sp. - 2 2 2 2 -
Mollusca
Vermetidae sp. - - - 2 2 2
Nudibranchia sps. - - - -
Dolabella variegata - 1 - - - -
Echinodermata
Culicita novaeguinea - - -
Leiaster callipeplus - - -
Linckia multifora -
Acanthaster plancki
Echinothrix sp.
Diadema pucispinum
Eucidaris metularia
Chondrocidaris -
gigantea
Tripneustes gratilla
Echinometra mathaei
E. mathaei oblonga
Heterocentrotus
mammillatus
Echinostrephus
aciculatus
Lytechinus sp.
Holothuria atra
H. fuscorubra
Actinopyga obesa
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Table 17. Algal species and relative abundance along transects in Honaunau Bay in ~1974 - 1975. Results
from surveys in Kealakekua Bay also are shown for comparison. IN = inshore, MR = mid-reef, OR =
outer reef. Relative abundance codes are: 1 = seen in habitat but not counted on transect, 2 = uncommon,
3 = common, 4 = dominant. After Kimmerer and Durbin (1975).

Honaunau Kealakekua
Species IN | MR | OR IN | MR | OR
Chlorophyta
Caulerpa sp. - 2 - 1 1
Dictyosphaeria - 1 1 - 1 1
cavernosa
Halimeda opuntia - 2 2 - 1 2
Microdictyon sp. - 1 - - 2 -
Valonia ventricosa - 1 1 - 1 1
Phaeophyta
Dictyopteris australis - 2 - - 2 -
Sargassum sp. - 2 - - - -
Turbinaria ornata - 1 1 - - -
Rhodophyta
Amansia glomerata - - 1 - - -
Ceramium sp. - 1 - - - -
Desmia hornamani - 2 - - - -
Galaxaura sp. - 1 1 - 1 2
Hemitrema sp. - 1 1 - 1 -
Jania sp. 2 3 2 - 2 3
Laurencia sp. - - 1 - - -
unspecified 4 3 3 - 2 3
encrusrting
Cyanophyta
Lyngbya sp. . - ! 2 [ - 1 - [ - [ -

Ludwig et al. (1980) included some notes on coral distribution from their 1975 — 1978 fish
surveys along three transects around PUHO (Figure 19). Boulders in their shallow (2 - 4 m/7 -
13’) “boulder zone” were “dotted with various algae and corals (mainly Pocillopora meandrina),
while more extensive coral cover was noted in their 5 - 10 m (16 — 33’) depth “coral-rich” zone
(“characterized by a dominant bottom cover (80 — 100%) of various sized heads of Porites
lobata with some fingerlike P. compressa”) and their 15 m (50’) depth “drop-off” zone
(“generally overgrown with Porites compressa and P. lobata interspersed with sand patches and
basaltic pavement and boulders”). They also noted that significant coral growth had occurred in
the areas where transects had been conducted five years earlier by Doty (1969), as transect cables
from the earlier study “were nearly enveloped by coral growth”.

Madden (1980) included some observations on benthic biota from his reconnaisance survey of
nearshore waters around the head of Honaunau Bay (Figure 20):

“...two distinct biological areas or biotomes occur ... the surge zone exists as a harrow band up to
33 feet (10 m) wide extending from the shoreline to a depth of approximately 15 feet (4.6 m). The
basalt and limestone boulders here are covered primarily by coralline algae with scattered coral
colonies. Sea urchins and large aggregations of surgeonfishes and wrasses dominate the nearshore
fauna. The coral zone, extending downslope from a depth of 15 feet (4.6 m) to approximately 60
feet (18 m) is characterized by extensive coral growth over the basalt talus. Dominant fauna here
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includes sea urchins, damselfishes, butterflyfishes, surgeonfishes, as well as, cryptic and coral-
eating species.

Coral covers up to 100% over most of the sloping bottom of the bay from a depth of 15 to 60 feet
(4.6 to 18 m). The large numbers of fishes and fish species in this area reflect the high vertical relief
afforded by the complex coral substrate. Coral cover abruptly decreases to less than 5% in the lower
surge zone, increasing to about 10% in the upper surge zone. The dominant corals in the deeper,
coral zone are Pocillopora eydouxi, and Porites compressa which comprise nearly the entire coral
cover. However, the solitary coral, Fungia scutaria occurs at the bases of P. compressa colonies in
moderate numbers. In the surge zone, Pocillopora meandrina and Porites lobata encrust the basalt
boulders. Occasional colonies of Montipora flabellata also occur here.

Conspicuous invertebrates are represented primarily by echinoderms. The crown-of-thorns starfish,
Acanthaster planci, is common feeding in the deeper, coral zone where numerous feeding scars and
white coral heads were observed. The sea urchins, Tripneustes gratilla, Diadema paucispinum,
Echinothrix diadema, and Echinometra mathaei are dominant in the surge zone. In some areas
densities of up to 40 individuals per square meter were observed. The slate-pencil urchin,
Heterocentrotus mammillatus is most common in the coral zone but is also present in moderate
numbers in the nearshore areas.

The algae, Lyngbya majuscula, occurs as patchy turf covering the rocks in the nearshore zone. The
coralline algae, of which Porolithon gardineri is most abundant, covers up to 90% of the nearshore
bottom.”

Three recent (2000 — 2005) studies have classified benthic habitat and associated biotopes
around PUHO using aerial and satellite images. NOAA’s Biogeography Program
(http://ccma.nos.noaa.gov/about/biogeography/) analyzed satellite images (AURORA
hyperspectral and IKONOS multispectral) and aerial color photos obtained in 2000 to determine
the distribution of coral communities and other habitats throughout the main Hawaiian islands
(Figure 12a). In 2005, new (2005) IKONOS satellite imagery and a revised classification scheme
were used to produce a revised map (Figure 12b). The USGS produced a benthic habitat map
specifically for the park using aerial photos and LIDAR bathymetry (obtained in 2000)
supplemented by extensive data from underwater video and still photographs (collected in 2004)
as well as 2005 field checks of classification accuracy (Figure 12c). All of the maps show
generally similar distributions of coral reef habitat off of PUHO. The relatively coarse resolution
available from remote sensing data (typically 1 - 4 m/3 — 13’ per pixel), the delineation of
features as polygons with areas typically greater than 1 acre (~4000 m®) (NOAA) or 100 m?® (120
yd?) (USGS), and the limited field verification used make these maps most useful for assessing
the general distribution of biotopes compared to other areas. The USGS classification scheme did
allow for classification of “small” features when warranted (e.g. a 2 m/7° diameter coral head in
an otherwise uncolonized area), and the underwater video and still photographs obtained by the
USGS could provide additional insight into habitat distribution and quality.
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C. ASSESSMENT OF COASTAL WATER RESOURCES

C.1. Sources of pollutants

C.1l.a. Point and non-point sources

No point source discharges are present in PUHO, but a number of non-point sources in and
around the park have the potential to affect coastal water resources. Potential sources inside the
park include a small sewage treatment plant, a small cesspool in the maintenance/administration
area, portable visitor bathrooms in the park picnic area, vehicles utilizing the main parking area
and the picnic area, and activities of park personnel and visitors, including application of
herbicides. Ki‘ilae stream, which crosses the park near the southern boundary, normally is dry in
its lower reaches, but may transport pollutants to park coastal waters during rare high-runoff
events. Sources outside the park may affect water resources in and adjacent to the park through
transport into the park via surface water, which probably only occurs during the rare high-runoff
events noted above, by direct deposition into coastal waters adjacent to the park, for instance
from activities in and around the coastal residences and small-boat ramp just north of the park, or
by impacting groundwater upslope of the park which subsequently flows downslope through the
park and discharges to park coastal waters. Non-point and possible point sources that might
affect groundwater quality include a variety of residential, agricultural, and other activities
upslope of and adjacent to the park. Activities within the park also could affect park
groundwater, or could affect other water resources (anchialine pools, fishpond pools, etc.)
directly. Sedimentation from non-point sources probably is only a minor concern due to the lack
of surface runoff in the area, although Ki‘ilae stream may occasionally discharge significant
amounts of sediment into coastal waters adjacent to the park, and sediment from road and trail
fill may be impacting adjacent anchialine pools. Airborne pollutants, including dust, also can be
deposited in PUHO, and light and noise pollution may impact biological resources.

C.la.i. Surface runoff

While most freshwater inputs to PUHO coastal waters occur via groundwater discharges,
occasional high-runoff events produce flow in the lower reaches of Ki‘ilae Stream and result in
significant discharges of water, sediment, and associated pollutants to coastal waters. A small
amount of local runoff also may reach coastal waters; in particular, runoff from the paved
parking area at the park entrance discharges directly to coastal waters, as does runoff from the
road fronting Honaunau Bay. Runoff from the PUHO parking area has been treated since March
2003 using a passive filtration system that targets oil, grease, and suspended solids (Brzozowski
2004), but no data are available to assess pre- or post-installation water quality in adjacent
coastal waters.

C.la.ii. Groundwater contamination
Because of the high permeability of soils and rocks along the Kona coast, the majority of
freshwater in the area occurs as groundwater (OKki et al. 1999). Rainfall in the PUHO area is

greater inland than along the coast, so most natural groundwater recharge occurs inland of the
park, and groundwater should flow in a generally seaward direction through the park and into
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coastal waters (Oki et al. 1999). Groundwater in PUHO thus will be affected by activities both
in, and inland of, the park, and groundwater pollutants ultimately will pass through PUHO’s
anchialine pools, fishpond, and tidepools enroute to discharging into coastal waters.
Groundwater is an important resource in PUHO, as historically it was a critical resource for
native Hawaiians living in the region, and because it plays a major role in determining water
quality in anchialine pools and in the Royal Fishpond, and to a lesser degree in coastal tidepools
and coastal waters.

Groundwater pollutants can be separated into two general classes — nutrients (usually nitrogen
and phosphorus) that have the potential to enhance primary production (i.e., the growth of
phytoplankton, benthic micro- and macroalgae, and aquatic plants), and toxic pollutants that may
interfere with biological activity. The latter includes a wide variety of chemicals related to
human activities such as metals, pesticides, solvents, and petroleum products. It also can include
pharmaceutical compounds and their byproducts. Because of the difficulty and expense of
analyzing water samples for industrial, agricultural, and pharmaceutical contaminants, these
analyses are performed only rarely, and the effects of many contaminants on biological systems
are poorly known. Nutrients are measured more frequently, but their effects on natural systems
also can be complex.

Contamination of groundwater upslope of and in the park may occur due to infiltration of
wastewater from cesspools and septic leach fields, fertilizer, herbicide and pesticide use,
stormwater runoff from developed areas, and improper disposal or spills of toxic substances. The
impacts of these contaminants on PUHO ecosystems will depend on the type and extent of
contamination and the vulnerability of receiving ecosystems. While dilution should disperse
most groundwater contaminants to some degree as groundwater flows downslope, dilution may
be less effective than expected if contaminated recharge does not mix extensively with
underlying uncontaminated water during transport, and if lateral mixing is slow, resulting in
relatively narrow contaminant plumes flowing downslope on top of otherwise ‘typical’
groundwater. Downgradient monitoring wells or sampling at springs or discharge points along
the coast thus may not detect contamination unless they fortuitously are located in plumes and
samples are collected near the surface of the water table.

C.la.ii. Herbicide use

Maintenance of park grounds historically has included extensive use of herbicides on plants
growing around cultural sites, along the shoreline trail, and around the Royal Fishpond (M.
Laber pers. comm. 2004). Some information on herbicide use and vegetation management
practices in the park was obtained in 2006 from Victorino Bio, the Integrated Pest Management
(IPM) coordinator for the park: herbicides have not been used in the last couple of years due to
personnel safety issues, but herbicides used since 1985 include Rodeo® around aquatic features
and Roundup® in other areas, switching to Roundup Pro® around 1987. Garlon 4® is used for
“stumping” of opiuma, keawe, Christmas Berry, and lantana. Herbicides used prior to 1985
include Paraquat®, 2-4 D, and Tordon, and atrazine was used as a soil sterilant in 1968.
Vegetation clearing in the early 1960°s used diesel fuel to initiate burning of debris piles
throughout the park. Detailed data on chemicals used in the park should be available since 1985
from entries recorded in the park’s pesticide use log, but these data currently are stored at
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another location and were not available for this report. The effects of these chemicals on water
resources in the park are not known (Else 2004), but may be significant if toxic compounds
persist in dissolved forms or in association with sediments or biota in park waters.

C.l.a.iii. Garbage and animal waste

There are no perennial streams or significant areas of surface runoff in the park, and wind
transport of solid waste probably is a minor source, so most of the garbage impacting coastal
resources in the park likely will be due to local inputs. Inputs probably are focused around areas
with high visitor use, such as the picnic area inside the park and coastal areas in Honaunau Bay
immediately north of the park. Some garbage also may reach PUHO’s intertidal areas and
adjacent coastal waters from offshore sources and from sources in Honaunau Bay. Plastics can
be a significant problem in marine environments, as turtles, seabirds and other marine vertebrates
may ingest some items, and others represent entanglement hazards for marine birds and other
wildlife. Animal waste probably will be most significant around high-use areas, particularly if
dogs are not leashed. Impacts on PUHO’s ecosystems due to animal wastes probably are minor,
but aesthetic impacts can be significant, and wastes may carry pathogens that could adversely
affect the quality of coastal waters for recreational use.

C.la.iv. Sedimentation

Soil is scarce in and around PUHO, and there are no perennial streams or other significant
sources of surface runoff that normally would transport soil particles to PUHO’s anchialine
pools, ponds, or coastal waters. As a result, most of the sediments currently accumulating in
PUHO’s waters are derived from biological sources, either in the waters themselves or from
adjacent terrestrial vegetation. Sediment accumulation from biological activity is a natural
process and leads eventually to infilling of open-water areas, but excessive biological production
due to eutrophication or to excessive litter production by alien plants can lead to premature
senescence of anchialine pools and fishpond pools — for instance, Youth Conservation Corps
volunteers removed sediment from the south pool of the Royal Fishpond on at least four
occasions between 1976 and 1980 to preserve the cultural scene (National Park Service 1976;
1977; 1979; 1980). Some sediment issues may be associated with erosion of material from the
beach at the head of Keone‘ele Cove, with eroded sediments depositing in the cove and offshore.
This beach is maintained using imported crushed coral fill that contains fine sediments that can
easily be winnowed from the sand matrix by wave action and transported offshore (M. Laber
pers. comm. 2004). Fill used on park roads and trails also appears to be impacting anchialine
pools in the Palace grounds area (M. Laber pers. comm. 2006). Unusually large waves may
result in significant redistribution of loose material and the deposition of new material - tidal
waves probably are responsible for the occasional deposition of significant amounts of sediment
and larger material into PUHO’s fishpond, anchialine pools and tidepools, and rare large storms
also may result in significant sediment impacts. For instance, “lots of fist sized stone” was
deposited in the south pool of the Royal Fishpond by waves associated with an unusually large
storm in January 1980 (National Park Service 1980), and an anchialine pool noted as a well on
early archaeological maps apparently was filled with sediment and rubble during hurricane Iniki
in 1992 (M. Laber pers. comm. 2006). Some sediment also arrives as windblown dust, but this
source is likely to be quantitatively minor and impacts small, unless the dust contains toxic
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organisms (e.g. fungi), elements, or compounds. The most significant potential sediment source
in and around the park is Ki‘ilae Stream, which probably discharges large quantities of sediments
to coastal waters during rare high-runoff events. Significant sedimentation impacts might also
result from development of coastal zone areas immediately north or south of the park, such as
expansion of the small-boat launching ramp in Honaunau Bay, but no developments are known
to be planned for the near future, and construction-related sediment issues should be small if
activities are conducted according to established guidelines for prevention of sediment
mobilization and transport. However, poor project planning or implementation, or unusual events
such as heavy rainfall or winter storm conditions could result in significant sediment inputs. A
recent example of this is sediment runoff from the Hokulia development project, approximately 3
km (2 miles) north of Kealakekua Bay, which affected reefs adjacent to the project and in
Kealakekua Bay in 2000 (Thompson 2006).

C.l.a.iii. Air, noise and light pollution

Air pollution may impact park water resources via the deposition of particulate contaminants in
park waters or the dissolution of contaminant gases in park waters. While development in the
area must affect air quality, quality overall is relatively good and prevailing winds normally are
onshore, so the park probably receives only very modest inputs of anthropogenic airborne
contaminants. The most important local anthropogenic sources probably are vehicles entering
and leaving the park, and boats utilizing the small-boat ramp just north of the park. A significant
source also may be emissions from the nearby Kilauea volcano (DeVerse and DiDonato 2005).
Volcanic emissions include a number of constituents that could affect PUHO’s coastal resources,
including compounds that increase the acidity of waters and toxic constituents such as mercury
(Brock and Kam 1997). However, VOGNET monitoring has shown that a relatively clean layer
of air normally is present near sea level in the PUHO area, with no evidence of volcanic
particulates, and that volcanic emissions affect air quality primarily at higher elevations (Ryan
2003). Thus, impacts due to deposition of volcanic contaminants probably also are minor.

Noise pollution might affect the suitability of park waters and wetlands for use by dolphins,
whales, birds, and other organisms sensitive to noise. The most significant noise sources
probably are small boats traveling to and from the small-boat ramp in Honaunau Bay, but no data
are available on the magnitude or possible impacts of noise pollution in the area.

Light pollution has been noted as a potential issue for some animals. Light pollution can affect
birds, turtles, and other organisms that navigate using the night sky, or that require darkness for
certain activities. Artificial lights also can alter ecosystem function in coastal waters by attracting
plankton, resulting in behaviorial impacts on plankton predators such as giant manta rays. Light
pollution has not been studied in the park, but seems likely to be a relatively minor issue in most
areas, unless lighting around the park parking area and visitor center impacts nearby coastal
waters.

C.la.iv. Honaunau small-boat launching ramp
The small-boat launching ramp immediately north of the park represents a potentially significant

source of non-point source pollutants (McCoy and Johnson 1995). Because few locations are
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available for launching along the Kona coast, the ramp is heavily used by local boaters. Neighbor
Island Consultants (1972) stated that roughly 1800 launchings occurred from the area in 1970,
while Okahara (1982) noted that approximately 50-75 boat owners were regular users of the
ramp in 1982, and that 20 or more launchings might take place on any given day.

Nutrients, metals, petroleum products, marine debris, offal from fish cleaning, and other
pollutants all may be discharged in association with boating operations, either in nearshore areas
during launching and retrieval, or as boats transit coastal waters enroute to and from the ramp.
There are no posted signs or other informational resources at the ramp promoting best practices
for boat users. Table 18 summarizes the environmental impacts of some pollutants commonly
associated with boating.

Table 18. Environmental impacts of boating pollutants. From McCoy and Johnson (1995).

Pollutant | Sources and Characteristics Environmental Activity  |Environmental or Human Health Effects
Detergents [* Most cleaning agents, detergents and soaps * Accumulates in sediments * Toxic to marine plants and animals
* Oil spill dispersants * Broken down by * Impairs breathing in fish
* Breaks down oils and greases on boats microorganisms * Reduces amounts of oxygen in affected waters
* Produces unsightly foam on the water surface
Marine * Commercial and recreational boating * Persistent in the environment  |* Can choke/strangle sea animals
Debris * Plastics, food wastes, packaging, lines, nets, * Can transport harmful non-native species
fish cleaning wastes * Snagged by props and engines
* Plastics degrade very slowly * Ruins recreational beaches
* Some wastes become nutrients
Metals * Paint particles from hydro-washing, metal * Accumulate in sediments, * Toxic to marine plants and animals
shavings from engine wear, and consumer marine plants, and animals * Changes the food web in the marine
products containing metals * Persistent in the environment environment by eliminating certain species
* Dissolves according to water conditions * Some metals broken down by
microorganisms
Copper * Used as a toxic agent in antifouling paints * Accumulates in sediments, * Very toxic to fish when combined with zinc
(Cu) * Dissolves according to water conditions marine plants, and animals * Long term toxicity to marine plants and animals
* Persistent in the environment
Acidic & [* Battery acid, lye and other strong acids or * Increases natural acidity or * Toxic to marine plants and animals
Alkaline bases in vessel cleaning products alkalinity of water by * Increases the toxicity of other toxic substances,
Substances [* Dissolves easily in water decreasing or increasing pH metals, other pollutants and chemicals
respectively * can irritate or damage skin
Tributlytin [* Still used as a toxic agent in antifouling paint [* Accumulates in sediments, * Toxic even in small amounts to marine plants
(TBT) on aluminum hulls, outboard motors and lower | marine plants, and animals and
drive units * Persistent in the environment  |animals, especially bottom feeders
Zinc (Zn) [* Anticorrosive zinc and paint pigments * Accumulates in sediments, * Toxic to marine plants and animals, even in
* Dissolves slowly in water, clings to particles marine plants, and animals small amounts
and sediments in marine environments * Persistent in the environment
Oil/Fuel  [* Normal boat operation, fueling, engine * Fuels evaporate in air * Some components toxic to marine plants and
maintenance, spills, runoff, and bilge * Broken down by sediment animals even at low concentrations
discharge microorganisms * Some components cause cancer, mutations
* Dissolves slowly in water, clings to particles  [* Accumulates in sediments, * Discoloring and bad taste in flesh of fish
and sediments in marine marine plants, and animals
* High accumulation in estuaries
and intertidal areas
Dusts and [* Vessel scraping and sanding, erosion during  |* Accumulate in sediments near |* May reduce amounts of oxygen in affected
sediments | construction and urban runoff the discharge of water waters
* Heavy metals, nutrients, hydrocarbons, etc.,  |* Sediment-bound contaminants |* General lowering of water quality
adhere to dusts and sediments released to water if disturbed |* Burial of habitat, food and/or organisms
* Increased turbidity can clog gills of fish
Nutrients  [* Runoff, sewage, erosion, garbage & detergents [* Used by marine plants and * Increase in algae growth which decreases light

containing (P)hosphorus or (N)itrogen

organisms for food (P,N)
* Accumulates in sediment (P)

and oxygen in the water (eutrophication)
* (N) can be toxic in higher concentrations
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C.2. Assessment of biological resources with respect to water quality

Water quality affects biological resources in multiple ways. Dissolved nutrients can stimulate
plant growth, while toxic substances can inhibit growth of plants and other organisms. Physical
and chemical parameters such as temperature, pH, turbidity, and dissolved oxygen levels also
can inhibit or promote the growth of different classes of organisms. In the following sections,
water quality in PUHQO’s coastal resources is assessed first with respect to existing State of
Hawai‘i water quality standards, then with respect to observed or potential effects of water
quality on associated ecosystems (flora, fauna, and habitat), and finally with respect to human
health issues. Because groundwater impacts on coastal resources depend on the quantity of
groundwater as well as the quality, groundwater flow through the park also is considered as a
water ‘quality’ issue.

C.2.a. Water quality standards

Water quality standards in Hawai‘i are promulgated through Chapter 54 of the Hawai‘i revised
statutes (Department of Health 2004). All of Hawai‘i’s waters are subject to a “general policy of
water quality anti-degradation,” including the provision that “where high quality waters
constitute an outstanding national resource, such as waters of national and state parks ..., that
water quality shall be maintained and protected.” Narrative criteria also prohibit the introduction
of “substances attributable to domestic, industrial, or other controllable sources of pollutants”,
including pathogens, chemical contaminants, and sediment. Allowable concentrations for some
toxic contaminants are specified, and narrative and numeric criteria are provided for individual
classes of water resources within ‘inland” and ‘marine’ categories, and for various levels of
protection.

‘Inland’ waters in PUHO include anchialine pools, the Royal Fishpond, and wetlands. PUHQO’s
inland waters are designated Class 1a and are subject to narrative criteria that specify their
protection for “scientific and educational purposes, protection of native breeding stock, baseline
references from which human-caused changes can be measured, compatible recreation, aesthetic
en