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0.1 Introduction.
This project focused on four major coastal areas identified on the "Most Impaired" list
for the State of Hawai'i in relation to monitoring and assessment sites throughout the state of
Hawai'i. Each of the four broad target areas selected for this investigation include streams
and water bodies identified by EPA and DOH as failing to meet water quality standards. This
project represents the initial stage in a long-term commitment of the Coral Reef Assessment
and Monitoring Program (CRAMP) to develop data syntheses that eventually will be webaccessible or available on CD ROM. The goal is to produce syntheses of information for each
watershed in the main Hawaiian Islands. These syntheses will be updated as new information
is produced. The four major study sites selected for this initial investigation were:
1. Kāne'ohe Bay, Oahu. The Kāne'ohe Bay watershed is urbanized (mostly residential) at
lower elevations, especially in the southern portion. Low elevations to the north are in
agricultural use. Land at higher elevations is generally in conservation use.
2. South Moloka’i - segment from Kamalō to Pala'au. The watershed feeding this reef is
dominated by agricultural, conservation and light urban (residential) use. Overgrazing of
vegetation by feral ungulates is a major issue leading to accelerated erosion and deposition
on sediment and nutrient onto the reef. Major impact by sediment with extensive algal
growth and evidence of eutrophication. Coastal construction (harbor and construction of a
causeway at Kaunakakai) may be a major factor in blocking longshore current with
consequent buildup of sediments and organics on the extensive reef flat.
3. South Oahu - segment from Diamond Head to Kewalo Basin with a focus on the reef area
receiving discharge from the Ala Wai Canal. This segment has been heavily modified by
coastal construction (dredging, fill, beach sand replenishment, shoreline hardening) and
receives polluted runoff from Honolulu (industrial, commercial, hotel and dense
residential). The area is heavily used for recreation and commercial vessel operation.
4. West Maui - Honokōwai north to Napili Bay and Hawea Point. This area has been
impacted by severe sedimentation and nutrients from agricultural land. Honokōwai
stream and Kahana stream drain into this area. Sewage injections wells are located in the
region. Major algae blooms by Hypnea musciformis and other species occur periodically.

Final Report: EPA Grant CD97918401-0 P. L. Jokiel, K S. Rodgers and Eric K. Brown

Page 4

0.2 Overview of coral reefs - Main Hawaiian Islands

Fig. 0-1. Map of the main Hawaiian Islands showing the 30 CRAMP monitoring sites (labeled by name) and the
clusters for the 92 rapid assessment (RAT) sites. At each monitoring site there are two stations, one in shallow
water (generally 3m) and one in deep water (generally 10m). General direction of waves influencing the
Hawaiian Islands are also shown for reference (After Moberly and Chamberlain 1964). Two more sites were
added (SE O'ahu, W. Maui) during 2004 to this array as part of this project.

The Hawai'i Coral Reef Assessment and Monitoring Program (CRAMP) has surveyed a
number of sites throughout the state (Fig. 1) and has produced a systematic and broadly
comprehensive description of the spatial differences and the temporal changes in Hawaiian
reef coral communities in the main Hawaiian Islands (Jokiel et al. 2004). These data were
analyzed and two more sites (Ala Wai on SE Oahu and Mahinahina off W. Maui) were added
to the array as part of this project. The two new sites were not included as they were not
complete until 2004. This is a useful framework in which to evaluate the four "most
impaired" coastal sectors discussed in this report. Information collected and analyzed to date
(prior to the addition of the two additional sites) describes the major ecological factors
controlling the status of reef coral communities in the main eight Hawaiian Islands (Jokiel et
al. 2004). Methodology is described in Brown et al. (2004).
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Briefly, the methodology used at the existing sites and the two new sites added as part of this
project is as follows:
CRAMP monitoring sites were selected to give a cross section of locations with differing
accessibility, degree of perceived environmental degradation by expert observers, level of
management protection, and extent of wave exposure. Two reef areas, a shallow (generally 3
m) and a deep (generally 10 m) station, were surveyed at each of the thirty statewide
locations. Each station was established with ten randomly chosen 10 m permanent transects
on hardbottom marked by small stainless steel stakes at the endpoints. Digital video, fixed
photoquadrats, visual belt fish transects (Brock 1954), substrate rugosity, sediment samples
and other qualitative data were collected at various times over the study period. Digital video
imagery was taken perpendicular to the substrate along each transect at a height of 0.5 m.
Twenty randomly selected, non-overlapping digital video frames from each transect were
used to estimate benthic coverage. PointCount99 software was used to tabulate coral and
benthic substrate types at each of 50 randomly selected points per image and generate percent
coverage data (http://www.cofc.edu/~coral/pc99/PC99manual.htm). Total mean percent coral
cover by station, mean percent coral cover by species within a station, species richness
(number of species per transect) and diversity were used as dependent variables in this study.
Coral diversity was calculated using the modified Shannon-Weaver diversity index. (Loya
1972). Each of the 60 stations was surveyed at least twice over the last period of investigation.
Analysis of the initial monitoring data with a focus on fish populations (Friedlander et al.
2003) indicated that a much larger spatial array of sites was desirable because the coral reefs
of Hawai'i are diverse and show high variability for many ecological parameters. Thus, the
monitoring site data were supplemented in the spatial dimension using a rapid assessment
technique (RAT). The RAT is an abbreviated version of the CRAMP monitoring protocol,
using of a single 10m transect to describe benthic cover, rugosity, and sediments. This
protocol generates the same biological data (i.e. percent cover, species richness and diversity)
and environmental data (e.g. rugosity, depth, sediments, etc.) as the CRAMP monitoring
dataset. The RAT is not designed to produce the type of data needed to detect temporal
change. Such data are gathered at the 60 CRAMP monitoring stations.
Rugosity was measured using the chain and tape method (McCormick 1994). A light brass
chain marked off in 1 m intervals was spooled out over the bottom along the entire length of
each 10m CRAMP transect. The amount of chain necessary to span the distance between the
two marker pins was divided by the straight line tape measurement to generate an index of
rugosity for that transect.
Analysis of these temporal and spatial data demonstrate that numerous statistically significant
environmental factors influence reef coral communities, so the situation is complex and no
single environmental variable can be used to describe and explain changes in reef status.
Analysis of the spatial data set revealed that various biological parameters (i.e. coral cover,
coral species richness, and coral diversity) show a significant relationship with the physical
factors of rugosity, sediment composition, mean wave direction, mean wave height, rainfall
and geologic age of the islands. Multivariate analysis identified four parameters (maximum
wave height, geologic age, rugosity and percentage of silt) that are the most important in
explaining variation in coral community structure. These observations are consistent with and
amplify the findings of many previous classic studies:
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Maximum wave height is an index of storm wave damage to reefs. Dollar (1982) and
Storlazzi et al. (2002) showed that waves in Hawai'i, can reach destructive levels that will
damage corals and restrict species distribution patterns. Mean wave direction (expressed
as compass bearing) showed a negative relationship with coral cover, species richness,
and diversity. This is because major storm surf in Hawai'i (Fig.1) arrives along a gradient
that roughly diminishes in a counter clockwise direction from the North (Moberly and
Chamberlain 1964). The result is a positive correlation between wave direction and wave
height. The largest and most frequent storm surf arrives during the winter North Pacific
Swell (bearing 315o) with the less frequent and less damaging storm waves during the
summer from the South Swell (bearing 190o) to the less severe Trade Wind Swell
(bearing 45o) (Fig.1). Sites exposed to west and northwest swells on the older islands (e.g.
Kaua'i and O'ahu) generally had lower coral coverage, species richness and diversity.
Geologic age is a major factor influencing reef coral community structure as indicated by
both the univariate and multivariate analysis. The Hawaiian Islands formed over the hot
spot located near the southeast end of the archipelago and over millions of years have
gradually moved to the northwest on the Pacific Plate (Clague and Dalrymple 1994). The
islands are thus moving to higher latitude over time so there is a high correlation (0.95)
between island age and latitude. Light and temperature conditions favorable to coral
growth diminish with increasing latitude and increasing island age. Grigg (1982)
previously demonstrated that coral growth and coral cover diminishes with latititude
(=age) along the Hawaiian archipelago over the range from the island of Hawai'i (19oN)
to Kure Atoll (28.5oN) . The Jokiel et al. (2004) study was conducted over a smaller
latitudinal range (19oN to 22oN), but with a much more extensive sample and shows the
importance of island age or latitude on reef coral community structure within the main
Hawaiian Islands.
Statistical analysis of the data set showed rugosity is an important factor. Areas of
antecedent high rugosity allow corals to attach and grow on higher substrata not
influenced by sand and sediment movement along the bottom. Birkeland et al. (1981) and
Rogers et al. (1984) observed that coral larvae preferentially recruited to vertical surfaces
and suggested that this pattern also applied to areas of higher rugosity. As coral reef
communities develop, the structure and continued accretion of the coral skeletons further
increase rugosity. Thus, both physical and biological components are involved in
development of high rugosity environments.
Sediment components played a role in explaining variation in the coral assemblage
characteristics. Percent organics, an indicator of terrigenous input, showed negative
relationships with coral species richness and diversity. Higher percent organic content was
also important in explaining decline in coral cover over time in the temporal analysis of
the monitoring site data. Other studies have determined that increased terrigenous input
has an adverse impact on reef communities (Acevedo and Morelock 1988, Rogers 1990).

Patterns of change in coral cover observed in the CRAMP investigation are consistent
with observations of other studies in Hawai'i. For example, coral coverage has declined at
monitoring sites in Kāne'ohe Bay in the past 3 years, which is a continuation of a trend noted
in the bay over the previous 20 years (Hunter and Evans 1993; Evans 1995, Stimson et al.
2001). Along the south shore of Moloka'i a large zone of damaged reef occurs in the middle
portion of the coastline at Kamiloloa. This location has the lowest coral coverage of all
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monitoring stations in the state, but is located midway between two other south Moloka'i
locations (Pala'au and Kamal) that have very high coverage. This anomaly can be explained
by increases in nearshore sedimentation due to historical overgrazing and poor land
management practices (Roberts 2001). In addition, the construction of the Kaunakakai
causeway appears to have played a role in blocking long-shore currents, thereby reducing the
rate of sediment and nutrient removal. In contrast, an increase in coral was measured at
Limahuli, Kaua'i, where the watershed is being effectively managed in a near pristine state.
Average coral coverage for all 152 reef stations combined was 20.8% ± 1.7 SE, with six
species accounting for most of the coverage (20.3%). The six dominant species were: Porites
lobata (6.1%), Porites compressa (4.5%), Montipora capitata (3.9%), Montipora patula
(2.7%), Montipora flabellata (0.7%) and Pocillopora meandrina (2.4%).
Spatial Patterns.
Variation in coral cover was best explained by rugosity, depth, percent fine sand,
mean wave direction, rainfall, and geologic age. A positive relationship existed between coral
cover and rugosity, depth, and percent fine sand. Coral cover had a negative relationship with
mean wave direction, rainfall and geologic age.
Variation in coral species richness was best explained by rugosity, percent organics,
mean wave direction and geologic age. Population within 5km also appeared in the model but
was marginally insignificant. A negative relationship existed between coral species richness
and all of these parameters except for rugosity.
Coral diversity variation was explained by rugosity, percent organics, percent medium
sand, mean wave height, mean wave direction, and geologic age. Percent fine sand also
appeared in the model but did not explain a significant portion of the variation. A negative
relationship was found between diversity and percent organics, percent medium sand, percent
fine sand, mean wave direction, and geologic age. Rugosity and mean wave height had a
positive relationship on coral diversity.
The multivariate BIOENV routine in PRIMER indicated that depth, maximum wave
height, rugosity, and percent organics best explain community structure among all sites.
These factors produced the highest matching coefficient (0.38) and accounted for a large
portion of the pattern observed in the coral assemblages.
Temporal trends at the CRAMP monitoring sites.
Coral cover at most stations changed less than 10% over the 3 year period. A total of 29 out of
60 reefs experienced a statistically significant change in coral cover from the initial baseline
survey to the last survey conducted. Sixteen stations showed a significant decline in coral
cover with the greatest drop of 19% occurring at the Kamalō 3m station on Moloka'i. In
contrast, 13 stations increased in coral cover with the greatest increase of 14% at the Papaula
Point 4m station on Maui. There is one problematical site (2m station at Ka'alaea, O'ahu),
which shows high fluctuations between samplings. This appears to be caused by one or more
major slumping events involving large sections of reef. Some of the marking pins and blocks
of live coral between the pins were moved by the slumping. Continued monitoring should
resolve this question.
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Fig. 0-3. Changes in coral cover at each of the deep (>5 m) monitoring sites.
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Figs. 2-3 provide a spatial representation of statistically significant declines or increases in
coral cover at each station by depth. Changes in coral cover <10% may be statistically
significant, but may not be biologically relevant over the long run due to natural cycles
inherent in coral communities and possible measurement and observer error. In general, a
time scale of decades is needed to assess long-term trends on coral reefs. Consequently,
temporal trends should be interpreted with caution over the relatively short time span of the
study. This study did identify 6 reefs (10% of the total) that had major shifts in coral cover
>10% which warrant further experimental investigation and more detailed observations in the
future.
Change and factors related to change were revealed by the results of the Best Subset
GLM. Percent change in coral cover was significant (Ra2 = 0.39, F5,54 = 8.6, p<0.001)
among stations. Rugosity (F1,54= 23.2, p<0.001), mean wave height (F1,54= 5.0, p=0.030),
and area of the adjacent watershed (F1,54= 4.7, p=0.035) accounted for a significant portion
of the variation in percent change in coral cover. Percent organics (F1,54= 3.3, p=0.075) and
minimum wave height (F1,54= 3.5, p=0.068) were marginally insignificant predictor
variables in the model. A positive relationship existed between percent change in coral cover
and mean wave height, minimum wave height, and watershed area. Percent change in coral
cover, however, had a negative relationship with rugosity and percent organics.

Fig. 0-4. Mean percent change + SE in coral cover by island from 1999 to 2002.

The downward trend on Hawaiian coral reefs as measured in this study appears to be most
prevalent in the central portion of the archipelago on the islands of O'ahu, Moloka'i and Maui
(Fig. 4). Most of the human population of Hawai'i resides on O'ahu (72%) and Maui (10%).
Moloka'i has a lower human population, but suffers from extreme erosion and sedimentation
of reefs along the south shore due to inadequate watershed management (Roberts 2001).
Maui also suffers from impaired watersheds and population centers that are adjacent to major
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reef areas (West Maui Watershed Management Advisory Committee 1997). The islands of
Kaua'i and Hawai'i have relatively low human population and show an increase in coral reef
coverage. At Kaho'olawe, a former military target island, the condition of sediment-impacted
reefs have held steady following the removal of all grazing animals, cessation of bombing,
and a massive program of revegetation.
Turgeon et al. (2002, p. 53) reported "the consensus of many ecologists is that, with a few
exceptions, the health of the near-shore reefs around the Main Hawaiian Islands remains
relatively good ". On the other hand, some researchers, local fishermen and recreational
divers with long-term experience observe that reefs in many areas of Hawai'i have declined
over past decades. For example, Jokiel and Cox (1993) have noted degradation of Hawaiian
reefs due to human population growth, urbanization and coastal development. Absence of
the catastrophic short-term reef declines that have been noted in other geographic areas (e.g.
Hughes 1994) can lead to the impression that Hawaiian reefs are in good condition. However,
slow rates of decline will eventually result in severely degraded reefs. This decline will go
undetected by researchers and managers without rigorous monitoring over a wide spatial array
at time intervals measured in decades. The spatial patterns and temporal change of reef coral
community structure in relation to human population that were observed in this study suggests
that the rapidly growing human population of Hawai'i may be having an effect on the reefs.
The observed decline of many coral reefs in Hawai'i over the short term is a cause for
concern. A longer time series is needed because coral reefs can undergo natural oscillations
with a period of decades (Done 1992). However, the declines observed to date in Hawai'i are
mainly associated with areas of high human population or impaired watersheds, suggesting
anthropogenic rather than natural causes.
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1.0 Overview Kāne‘ohe Bay, O‘ahu

Fig.1-1 Kāne‘ohe Bay, O‘ahu

Geographic Location: The Kāne‘ohe Bay Sector extends from the small island of Mokoli'i
or "Chinaman's Hat" (21° 30,56' N; 157° 49.77' W) at the north end of the bay to Pyramid
Rock located on Mōkapu Peninsula on the south end of the bay (21° 27.77' N; 157° 45.85'
W). Three Coral Reef Assessment and Monitoring (CRAMP) sites are located within this
area.
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Human Population (2000 census): 76,971
Watersheds: Pu‘u Hawai‘i loa, Kāwā, Kāne‘ohe, Kea‘ahala, He‘eia, Kahalu‘u, Waihe‘e,
Ka‘ala‘ea, Haiamoa, Waiāhole, Waianu, Waikāne and Hakipu‘u
Ahupua‘a System
The Kāne‘ohe Bay ecosystem (Fig. 1.1) consists of the Kāne‘ohe Bay watershed, the
bay itself, the protecting barrier reef, and the nearshore oceanic environment. Kāne‘ohe Bay
is directly influenced by runoff from the surrounding watershed as well as by exchange of sea
water from the ocean. The semi-enclosed nature of the bay and relatively large freshwater
inputs have created diverse marine habitats. These same characteristics make Kāne‘ohe Bay
more vulnerable to damage by factors associated with urbanization and agricultural
development than an open coastline.
Past, present, and future changes in the bay are closely related to changes in the
adjacent watershed. The relationship between the land and the sea was understood by the
ancient Hawaiians. Their basic concept of land division was the ahupua‘a which extended
from the uplands to the sea. Inhabitants of each ahupua‘a had "accessibility of all the
resources provided by nature" (Devaney et al., 1976). They considered themselves "part of the
total environment" and knew that while they could modify it, the resulting benefits or
afflictions directly affected farmers, fishermen, and their families. The Hawaiians' principle of
mālama aina or respect, conserving, and caring for their resources, was expressed in the
practice of taking only what was needed from the land or sea.
The terrestrial boundary of the Kāne‘ohe Bay watershed is the ridgeline of the
Ko‘olau Mountain Range extending from Kualoa to Mōkapu. The land surrounding Kāne‘ohe
Bay was divided by the Hawaiians into nine ahupuaa (Fig.1-2) that were in turn subdivided
into resource areas known as ‘ili. The bay itself was similarly divided as fishery areas. The
ocean adjoining an ahupua‘a was considered to be an extension of that ahupua‘a. The
Hawaiians saw the ocean as an integral part of their resources not to be separated from the
land.
Currently, it is known that chemical, hydrological, and biological conditions in the bay are
influenced by land runoff. Streams and ground water runoff transport sediment, nutrients, and
other materials from the land into the bay. Water input associated with urbanization transports
pollutants and increased amounts of sediments into the ecosystem.
Kāne‘ohe Bay also exchanges water with the nearshore oceanic environment. Tide,
surf, and wind drive its current systems. These flush the bay of wastes and allow the dispersal
stages of marine plants and animals to enter and leave.
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Figure 1-2 Ahupua‘a Divisions of Kāne‘ohe

Area in Acres: Pu‘u Hawai‘i loa (2,323),Kāwā (1,336),Kāne‘ohe (3,641), Kea‘ahala (743),
He‘eia (2,843), Kahalu‘u (449), Waihe‘e (1,448), Ka‘ala‘ea (1,126) and Haiamoa (410), Waiā
hole (2,526), Waianu (688), Waikāne (1,695), Hakipu‘u (1,324)
Perennial Streams: Kāwā, Kāne‘ohe, Kea‘ahala, He‘eia, Kahalu‘u, Ka‘ala‘ea, Waiāhole,
Waianu, Waikāne and Hakipu‘u
Physiography: Bathymetry
As the largest sheltered bay in the state of Hawai‘i, Kāne‘ohe Bay is approximately 13
km (8 miles) in length (NW to SE) and slightly over 4 km (3 miles) in width with a total area
of 15,000 acres (16 square miles) (Holthus, 1986).
Two depth zones distinguish the bay (Fig. 1-3). Due to dredging and fluvial delta
formation, a shallow zone of between 1.5 and 6 m (5-20 ft) is found throughout the bay. A
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deeper zone designated as the lagoon bottom reaches depths of between 12 to 14 m (40-45 ft).
The mean depth is approximately 10 m (33 ft) (Roy, 1970).
Inshore and offshore designations were described by Bathen (1968) for bathymetric
determinations along with the sector divisions which continue to be used today: Northwest,
Central, and Southeast (Fig. 1-1). Criteria used in designation of sectors included circulation,
physiography, and oceanic influence (Bathen, 1968, Smith et al., 1981).
The inshore portion of the bay is characterized by 79 patch reefs increasing towards
the northwest and comprises 66% of the entire bay. A shallow fringing reef extends along the
entire shoreline except for sections of Mōkapu Peninsula. This fringing reef extends 300 to
750 m (1000-2500 ft) into the bay and averages less than a meter in depth (1-3 ft) (Cox et al.
1973). The benthos of this inshore portion is comprised of predominately coral rubble,
carbonate muds and fine sands. Terrigineously based sediments can be found closest to
inshore areas and stream mouths. Depths can reach 19 m (62 ft) in some areas in the
southwest sector. The inner bay is partially protected from ocean swells and storm surf
especially in the semi-enclosed SE sector that is afforded additional protection by Mōkapu
Peninsula and Moku o lo‘e.

Fig. 1-3. Bathymetry of Kaneohe Bay based on NOS hydrographic bathymetry as compiled by Fernando
Martinez, School of Ocean and Earth Science and Technology, University of Hawaii..

Two basaltic islands, Moku o lo‘e (Coconut Island) and Mokoli‘i (Chinaman’s Hat)
remnants of the eroded Ko‘olau volcano can be found in the inner bay. Moku o lo‘e was once
part of the Pōhākea headland while Mokoli‘i is composed of erosive resistant volcanic dike
basalt once a conduit for extruding lava.
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The offshore portion of the bay includes the shallow (.3-1.2m, 1-4 ft) barrier reef, the
only reef of this type in the Hawaiian archipelago. This portion includes 34% of the total area
in the bay.
Two navigable channels naturally dissect the bay, crossing the barrier reef and
bringing water into the bay. The unaltered SE Sampan Channel has an average depth of about
2m (6.6 ft). A smaller channel feeding into the Sampan Channel was created by the military
to allow rapid access to plane crashes. This channel adjacent to the Mōkapu Peninsula is
commonly referred to as the Crash Boat Channel. The NW Ship channel located 6 km (3.8
mi) from the Sampan Channel has been dredged to an average depth of 10 m (33 ft) to allow
passage of larger vessels. Another channel running parallel to shore connects the two main
channels. This channel was dredged to a minimum depth of 12 m (40 ft) (Cox et al. 1973)
The two islands in the outer portion of the bay are lithified sand dunes. Kekepa Island
(turtleback) is located near the entrance of the Sampan Channel near Mōkapu Peninsula.
Extensive erosion from undercutting waves are evident on this island. Kapapa Island is
located on the barrier reef and is a popular destination for fishermen and recreational vessels.
Wedge-tailed shearwaters (ua‘ukani) nest on this offshore island in the winter months.
Geology
Geological History of Windward Oahu
The difference between the leeward and windward sides of the Ko‘olau Range is
striking. The long, gentle slopes of the leeward Honolulu side terminate in vertical cliffs 0.8
km (0.5 mi) high on the windward side. This cliffline, or Pali, extends for 32 km (20 mi)
along the windward side of O‘ahu. The character of the cliff changes northward along the
Pali due to two different agents of erosion. Massive sea cliffs in some places are formed by
wave erosion. Vertical walls in other places are formed by stream erosion.
Early geologists wondered how the Pali was formed. Some thought it was carved
when the sea stood at a higher level. Others thought that the Ko‘olau volcano cracked and the
eastern portion slipped into the sea, leaving a fault scarp, or cliff. Both processes appeared to
have played a role.
Extensive recent studies of the deep ocean off windward O”ahu revealed that an
enormous piece had broken off the island. This type of prodigious avalanche occurred on all
the major Hawaiian Islands at least 17 times over the past 5 million years (Moore et al. 1989).
The most massive of these was the Kāne‘ohe Bay slide or the "Nu‘uanu debris avalanche".
This landslide occurred along the windward side of O‘ahu over one million years ago.
A massive earthquake caused the windward side of the Ko‘olau volcano to break away and
slide down the side of the volcano and into the deep sea. Approximately 390 cubic yards of
rock pulled away from O‘ahu, slid for 5 km (3 mi) down the steep-sided of the volcano and
into the deep trench that surrounds the islands. The slide deposited a thick layer of rubble
outward to a distance of 230 km (140 mi) from O‘ahu.
Many pieces of rock were 0.8 km (0.5 mi) or more in diameter. One fragment of the
Ko‘olau volcano, now known as the Tuscaloosa Seamount is 32 km (20 mi) long, 18 km (11
mi) wide and over 1.8 km (1 mi) thick. This fragment of O‘ahu was carried a distance of 96
km (60 mi) to the northeast of the Nu‘uanu Pali and now is located at a depth of 2680 m
(8800 ft).
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The Honolulu Series of Volcanic Eruptions
Approximately a quarter of a million years ago, a new set of cracks opened in a
roughly north-south direction across the deeply eroded Ko‘olau, and molten rock again rose to
the surface in a second burst of volcanic activity (Macdonald and Kyselka, 1967). This period
of secondary activity was called the Honolulu Series. Most of the vents of this series appear to
lie northeast to southwest, at almost right angles to the principle rift zones of the Ko‘olau
volcano (McDonald & Abbott, 1970).
Eruptions flattened some of the valley floors and built a series of cones around the
southeastern end of the Ko‘olaus. These cones were some of the earliest eruptions of the
Honolulu Series. Located on Mōkapu Peninsula, they include the volcanic vent of Pyramid
Rock, Ulupau Head, and Pu‘u Hawai‘iloa. Elsewhere on O‘ahu, other eruptions of this series
broke out near the sea and built the famous landmarks of Diamond Head, Punchbowl, Koko
Crater, and Salt Lake.
All of these volcanic landmarks are tuff cones with the exception of Pu‘u Hawai‘iloa
which is a cinder cone (Macdonald and Abbott, 1970). These tuff cones formed from fine
brown ash blown up in steam explosions. These explosions were created by molten lava
coming in contact with water. These eruptions frequently blasted through coral plains, so
some tuff cones contain broken coral as well as volcanic material.
Formation of Kāne‘ohe Bay
Basic geological events that resulted in the formation of Kāne‘ohe Bay include the
Kailua and Ko‘olau volcanic series, erosion, the Honolulu volcanic series, reef building,
changing sea level, and continuing erosion and sediment deposition (Sunn, Low, Tom &
Hara, Inc., 1976). The Ko‘olau series rift zone formed the northern and western boundaries of
the Bay drainage basin. The southern boundary was formed by a coarse breccia ridge, a
remnant of the main volcanic vent.
In the million years since the Nu‘uanu debris avalanche, the island moved further
away from the "hot spot" and gradually subsided by approximately 1.8 km (1 mi). Erosion
continued to shape the Kāne‘ohe Bay watershed. The fluted columns of the Pali were formed
by streams that cut into the vertical cliffs left along the Ko‘olau volcano after the avalanche.
Fed by rain from trade-wind clouds, the streams enlarged and their beds deepened the gullies,
leaving high, sharp ridges between. Extensive alluvial deposits were formed. Windward
valleys continued to wear down faster at their heads than at their seaward ends due to greater
rainfall at higher altitudes.
The original basalt ridges separating stream valleys became so eroded that currently
only three reach the shore (Cox et al., 1973). These are: the ridges between Waiāhole and
Ka‘alaea, between Kahalu‘u and He‘eia, and between He‘eia and Kāne‘ohe. The latter juts
into the Bay as Pōhākea headland and extends out to Moku o Lo‘e (Coconut Island).
Changing Sea Levels
The principle cause of the changing sea level during the Pleistocene and Holocene
epoch (approximately the last million years) was the formation and consequent melting of
large glaciers. At its extremes, the sea level had stood as much as 76 m (250 ft) higher and 91
m (300 ft) lower than its present level. Sea level fluctuations resulted in periods when Kā
ne‘ohe Bay dried out and reflooded (Stearns, 1974).
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During high sea levels shorelines crept inland. Rising seas swept away old beaches,
submerged tide pools, and drowned river valleys. New beaches were built, the barrier reef,
fringing reef, wave cuts along mountain slopes, and sand and coral rubble deposits were
formed.
Wave cut terraces at depths of 55 and 91 m (180 and 300 ft) in Kāne‘ohe Bay were
formed during low stands of the sea. The 55 m terrace was estimated to have been formed
around 12,000 years ago (Shepard and Curry, 1967). The barrier reef also has terraces cut into
the reef complex at 55 and 91 m deep suggesting that it was in existence prior to both these
low stands (Roy, 1970).
Submerged, winding, stream cut channels in Kāne‘ohe Bay were also formed during low
stands of the sea. The bay's basin and two channels across the barrier reef were probably cut
by stream erosion. According to Roy (1970), there appeared to have been a river valley
heading in the present He‘eia stream valley, a drainage divide running out toward Kapapa
Island, and another stream system draining into what is now the channel next to Mokoli‘i.
This system also had tributaries in the valleys of Kahalu‘u and Waiāhole streams. As sea level
rose, reefs, reef-derived sediments, and terrigenous materials filled Kāne‘ohe Bay to its
present general configuration.
Reef Structure, Habitat Classification:
Major Physiographic Zones
The three major physiographic marine zones of Kāne‘ohe Bay are the inshore, inner
bay, and outer bay. The inshore zone consists of the intertidal zone along the shoreline, and
the fringing reef. The inner bay zone consists of the lagoon and patch reefs. The lagoon is
generally divided into SE, central, and NW sectors. The outer bay consists primarily of the
barrier reef complex and the two channels bisecting the reef.
Inshore Zone
Shoreline
Although natural shoreline areas consisting of beaches, stream mouth deltas, and
promontories are still found along Kāne‘ohe Bay, much of the bay's shoreline has been
heavily modified. The earliest modifications were fishponds constructed by the ancient
Hawaiians. Fishponds may have covered as much as 30% of the bay's shoreline (AECOS,
1981). More recent modifications include construction of seawalls and land fills. Agriculture,
urbanization, and stream bed channelization have increased freshwater runoff rates causing
sedimentation and pollution. The introduction of mangroves has also modified the shoreline
environment. The shoreline is the area most affected by land practices, especially the semienclosed SE portion where most of the urbanization has occurred and where circulation is
sluggish.
Fringing Reefs
There are three types of reefs in Kāne‘ohe Bay: fringing reefs, patch reefs, and the
barrier reef. Fringing reefs are shallow quiet-water reefs that occur along most of Kāne‘ohe
Bay's land perimeter and average less than 1 m (3.3 ft) in depth. Fringing reefs generally
extend outward for 300-750 m (1000-2500 ft) (AECOS, 1981). Those in the NW sector of the
bay are slightly wider and deeper.
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Natural breaks in the fringing reefs occur where freshwater streams have cut and maintain
channels. Some areas of the reef flat have also been dredged for boat channels. This is
especially true in the SE bay. Fringing reefs along the south basin were extensively dredged
and filled for seaplane runways in the late 1930's and World War II era.
Fine, land-derived sediments occur prominently along the shoreline and grade into
marine sediments toward the seaward edge on shallow surface portions of the reef known as
the reef flat. Reef flats are exposed to extremes of environmental conditions such as changes
in salinity, freshwater runoff, periodic exposure to air, and sedimentation. These
environmental conditions result in limited coral development. Fringing reef flats in much of
the bay, however, do have high standing crops of fleshy algae (Smith et al., 1981).
At the seaward end of the reef flat is a hard-bottomed wave-resistant algal ridge or reef
crest. This crest is the highest part of the reef. It is often exposed during low tides.
Beyond the crest a near vertical coral covered dropoff extends about a meter (3.3 ft)
down to the reef slope, which continues to the lagoon floor. Coral cover as well as abundance
and diversity of reef fish tend to be high on the reef slope. Fine muddy sediments surround the
corals. Although sediments below the actively growing coral generally get finer with depth,
large blocks of slumped off coral rock frequently occur in the upper sections of the slope.
Live coral coverage on the fringing reef varies according to environmental conditions.
In the NW portion, where water circulation and mixing are good, corals are abundant and
occur at greatest depths. In the SE portion, where urbanization, runoff, and sedimentation is
greatest and circulation is sluggish, coral development is poor. The SE bay may have had
some of Hawaii's finest coral gardens at one time (Banner, 1974; Devaney et al., 1976).
Inner Bay Zone
The inner bay zone lies between the fringing reef slope and the lagoon side of the
barrier reef. It includes the lagoon and patch reefs. The inner bay is usually divided into three
physiographic sectors on a SE to NW axis. This division is based on circulation and relative
degree of oceanic influence (Bathen, 1968; Smith et al., 1981).
Lagoon
The semi-enclosed SE basin has very restricted circulation and limited exchange with
the rest of the bay and oceanic waters. Three major streams empty into the SE Basin, often
resulting in lower salinities than other areas of the inner bay. The central portion of the lagoon
receives both a moderate influx of freshwater from the surrounding watershed and substantial
oceanic water across the barrier reef. It is more oceanic than the SE basin. The NW portion of
the lagoon is the most oceanic in character due to a large influx of water over the barrier reef
and through the NW channel.
The lagoon waters support a relatively large standing crop of phytoplankton and
zooplankton (Smith et al., 1981). Abundant pelagic fishes range from planktivores to top
carnivores (sharks). The associated fisheries are of local importance to commercial,
subsistence, and sport fishermen.
The lagoon bottom, excluding patch reef areas, has two depth zones. Most of the lagoon
bottom slopes from the fringing reef to the barrier reef and has a depth of approximately 1014 m (33-46 ft). Stream deltas and places where dredge materials have been dumped have a
depth range of 1.5-6 m (5-20 ft).
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About 50% of the sandy mud on the lagoon bottom is calcium carbonate that was washed into
the lagoon from the barrier reef (Smith and Kam, 1973). This material is concentrated near the
sandbar. Land-derived volcanic soils become more abundant with proximity to shore. Natural
deposition rates of terrigenous material have been increased by agriculture and urbanization
along shore and in the watershed. Roy (1970) estimated that the lagoon bottom shoaled by
1.65 m (5.4 ft) between 1927 and 1969. Biota of the lagoon bottom are sparse (Smith et al.,
1981).
Patch Reefs
Patch reefs are round to irregular in shape and resemble underwater smokestacks that rise
from the bay bottom to near sea level. There are seventy nine patch reefs in Kāne‘ohe Bay,
although twenty five were partially or wholly dredged. The remaining patch reefs range in
size from 21 m-850 m (70 ft-2800 ft) in diameter, and have a collective surface area of 2.02 x
106 m2 (2.42 x 106 yd.2 or 500 acres) (Roy, 1970). Most are within 0.6-0.9 m (2-3 ft) of
mean sea level although some are as deep as 1.5-3 m (5-10 ft).
Patch reefs were formed by upward coral growth during periods of rising sea level
(Roy, 1970). Although it is not known what effect subaerial erosion during low sea level
stands had on the formation, modification, and distribution of patch reefs, it is likely that they
were eroded down to knolls. During resubmergence, reef growth was able to begin again on
the nubs of the relict reefs. New, previously unoccupied substrate was also available for new
coral growth and the start of new patch reefs. The youngest of the patch reefs probably began
to grow about 12,000 to 8,000 years ago at which time sea level rise began to stabilize and the
lagoon bottom rapidly became muddy, preventing formation of more reefs.
The patch reefs in Kāne‘ohe Bay tend to be concentrated near the two channels across
the barrier reef. This nonrandom distribution indicates that their development and
maintenance may be related to the strong currents and water activity in the vicinity of the
passes (Roy, 1970). There seems to be no correlation between the patch reefs and the bay's
substratum.
Patch reefs in Kāne‘ohe Bay are either simple, small, round-to-oval structures, or larger
multilobate structures. The latter are probably compound reefs formed by the joining of
simple patch reefs. Compound patch reefs tend to form where simple reefs developed close
together.
The most active growth occurs on the side facing the wind and/or current direction.
This results in a tendency for reefs to elongate. The actively growing end can also slump,
thereby providing new surfaces for coral growth. The down-current end of the reef
accumulates both sediments formed by the reef and those carried to the reef by currents.
Most of the coral and coralline algae development is on the sides of patch reefs, with
the upper slopes generally supporting the most luxurious coral growth. The flat tops of patch
reefs, especially those greater than 30 m (98 ft) in diameter (Roy, 1970; Smith and Kam,
1973), tend to have little live coral growth. They tend to be covered by sand, gravel, dead
coral, rubble, and algal nodules. This is probably due to the shallow depth of the reef tops.
Small patch reefs, especially those that are not as shallow, tend to have better coral coverage
on the top.

Final Report: EPA Grant CD97918401-0 P. L. Jokiel, K S. Rodgers and Eric K. Brown

Page 21

Barrier Reef Complex
Kāne‘ohe Bay probably does not have a true barrier reef composed entirely of
limestone. True barrier reefs are formed by calcium carbonate depositing, light requiring
organisms that are able to grow at a rate equal to the rate at which a land mass is subsiding or
sea level is rising. The Kaneohe Bay barrier-type reef (henceforth called a barrier reef), is
probably a basaltic structure that is overlaid with calcium carbonate. It, therefore, has the
structure of a barrier reef, but probably a different developmental history.
The barrier reef complex, including the two channels located at the north and south ends, is
about 2 km (1.2 mi) wide and more than 5 km (3 mi) long (AECOS, 1981). It consists of four
physiographic zones extending from the lagoon to oceanic waters. The zones are the:
lagoonward depositional slope, back reef flat, algal ridge/reef flat, and the seaward reef slope.
These zones show considerable variation along the length of the barrier reef as a result of
different environmental conditions (wave exposure, currents, etc.). The barrier reef complex
has not been greatly altered by human activity in the Kaneohe region, although the NW
channel was dredged to accommodate large ships.
Lagoonward Depositional Slope
Located on the lagoonward side of the barrier reef, this steeply sloping depositional
face rises from the lagoon floor and extends to the back reef sand flat. Calcareous sands and
rubble generated on the barrier reef are carried lagoonward by wave action and currents and
deposited on the back reef flat and depositional slope. The resulting sand wedge at the
juncture of the lagoonward depositional slope and back reef flat is 18.5 m (61 ft) thick
(Moberly and Campbell, 1969; Smith and Kam, 1973) and composed of well sorted
calcareous sediments. Some algae and seagrass are present on the upper portion of the
depositional slope (Smith et al., 1981).
Back Reef Flat
The back reef flat is a 1-2 km (0.6-1.2 mi) wide expanse of unconsolidated calcium
carbonate material that was generated on the seaward reef slope and reef flat. It is composed
of silt, sand, and rubble that is gradually transported lagoonward to be deposited on the
lagoonward depositional slope. The deposits form a sand wedge with a maximum thickness of
about 18.5 m (61 ft) and volume of at least 9.84 x 106 m3 (1.29 x 107 yd.3) (Moberly and
Campbell, 1969). This sand wedge is growing landward and appears to be engulfing nearby
patch reefs (Roy, 1970). Its inner margin is marked by a large sand bar or island (Ahu o Laka)
which is exposed to varying degrees depending on the tidal level.
Much of the back reef flat has a water depth of less than 1-2 m (3.3-6.6 ft). It has a limited
amount of coral development in the form of small patches. Microatolls, or coral wheels, also
form where periodic exposure at low tide restricts upward coral growth. Various types of
seaweeds which occur on the back reef flat help stabilize the sediments.
Algal Ridge/Reef Flat
The back reef flat rises precipitously as much as 1.5 m (5 ft) to the 1-2 m (3.3-6.6 ft)
deep 65 m (215 ft) wide algal reef flat. This seaward, top portion of the barrier reef complex
is predominantly hard-bottomed with abundant corals, algae, and other reef organisms. In this
high energy zone, ocean waves are absorbed, protecting reefs in the lagoon and producing a
landward flow of water. This landward flow redistributes organic material and calcareous
sedimentary material to the back reef flat and lagoonward depositional slope.
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The shallowest portion of the reef flat is an algal ridge that reaches within 0.3 m (1
foot) of the water surface. Seaward of the algal ridge, the reef flat slopes gently toward the
seaward reef slope. This area has shallow limestone ridges and sand-filled gullies parallel to
the water movement that are the beginning of the spur and groove system.
The wide algal reef flat and gently sloping seaward edge of the Kāne‘ohe Bay barrier
reef distinguish it from typical barrier reefs. Roy (1970) suggested that it may be a relict
beach or dune ridge that has recently been covered by a veneer of coral and coralline algae.
This seems to be substantiated by the differences found along the barrier reef. The NW end is
an older, reduced area and the SE apparently the actively growing section (AECOS, 1981).
Seaward Reef Slope
The seaward reef slope consists of a near-surface high energy spur and groove zone, a
submarine cliff, and a sediment depositional area. The high energy spur and groove zone
dissipates most of the tradewind and storm wave energy that would otherwise enter Kāne‘ohe
Bay. Sediments not carried onto the reef flat pass down the grooves to be deposited in deeper
water. Wave resistant corals and coralline algae grow on the spurs.
The 3-4 m (10-13 ft) deep spur and groove zone descends gently to the top of an
eroded cliff at 18 m (60 ft) depth. The cliff continues down to about 27 m (90 ft). A wave cut
notch in the cliff at 24 m (80 ft) suggests that the sea was at this level for some time and is
responsible for the caves and overhangs in the cliff face (Stearns, 1974). Below the cliff is a
shelf that extends several kilometers out to sea. This is a depositional area for sediments
generated on the reef slope.
Barrier Reef Passes
Two channels, one at each end of the bay, separate the barrier reef from the adjacent
fringing reefs. Seismic data indicate that each is a relatively deep valley that has been filled
with sediments. The channels were either cut by stream action during lower sea level stands,
are the result of reef growth during higher sea levels, or a combination of the two. The two
channels transport sand in addition to water into and out of the bay. The depth of the water in
the two channels allows relatively unimpeded wave energy to pass into the bay. This
influences mixing patterns and circulation (Bathen, 1968).
The NW (Mokolii) channel was dredged in 1939 to a depth of 10-11 m (33-36 ft) to
accommodate shipping. Between 1949 and 1977, the channel shoaled about 1 m (3.3 ft)
(Hollett, 1977), indicating that it is relatively good at flushing itself. In fact, the majority of
the water and sediment transported from the bay pass through the NW channel (Bathen,
1968). The SE (Sampan) channel accommodates only small boats because it is relatively
shallow and has not been dredged. It transports much less water and sediment than the NW
channel (Bathen, 1968).
Oceanographic and Meteorological Conditions:
Water Quality
Circulation, runoff, heat exchange and precipitation rates directly affect temperature.
salinity, oxygen concentration and nutrients in the bay (Bathen, 1968). These properties vary
in waters at the entrance to the bay, the area surrounding the stream mouths, and the regions
above reef areas.
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Oceanic conditions typify conditions near the bay entrance and are far less variable
than water properties within the bay. Temperature and salinity can be 25% higher at the
stream mouths and 50% lower than the deeper inshore waters. In the summer, both
temperature and salinity are greater within the bay than oceanic water. The is mainly due to
the extensive shallow reefs which cause water passing over to mix very slowly with deeper
waters.
The waters near stream mouths comprise 15% of the total surface area in the bay.
Freshwater mixing throughout the entire water column occurs during winter months and can
be a major influence on water quality. During summer months, mixing is minimal with
freshwater remaining on the surface.
Water Temperature
Water temperatures in Kāne‘ohe Bay range from 19.5-28oC (67.1-82.4 oF) (Bathen,
1968) with winter (Nov-Feb) temperatures typically dropping below 25.6oC (78.1oF) and
summer (May-Sept) temperatures usually exceeding 27.4oC (81.3oF) (Bathen, 1968). During
spring (March-April) and fall (Sept-Oct) mean temperatures fall between 25.6 and 27.4oC.
Seasonal, monthly, and daily variations in temperature differ depending upon location in the
Bay. Shoreline and stream mouth areas have the largest variation ranging from 19 to 28oC
(66.2 to 82.4 oF). Deeper inshore areas also have a large variation of 20 to 27oC (68 to 80.6
oF). Shallow reef areas exhibit the highest temperatures at about 29oC (84.2 oF). Shoals and
sand flats usually have small variations at 23 to 27oC (73.4 to 80.6 oF). Water at the bay
entrance is usually very similar to oceanic conditions and has the smallest range at 24 to 27oC
(75.2 to 80.6 oF). During the winter, two thirds of Kaneohe Bay can be 0.25 to 1oC colder
than oceanic water. During the summer the entire bay can be 1.5 to 2oC warmer than the open
ocean. Temperature stratification in the Bay increases during summer months (Bathen, 1968).
There is usually a weak thermocline from May to August at about 8.5 m (28 ft.) depth. This
may vary 1 to 2 m (3.3 to 6.6 ft.) shallower or deeper during the summer. The upper .5 m (1.5
ft) in the bay is generally isothermal. During the months of September to November and
February to April temperature gradient is consistent throughout the water column due to storm
mixing, cooling of the surface, and stream runoff.
Chemical Oceanography
Salinity
Salinity in Kāne‘ohe Bay can range from 31 to 36 ppt (Bathen, 1968). From about
November to February, average salinity is less than 34.8 ppt. During May to September it is
usually greater than 35.3 ppt. From September to October and March to April average salinity
ranges from 34.8 to 35.3 ppt. As with temperature, seasonal, monthly, and daily variations
depend upon location in the Bay. Shoreline and stream mouth areas again have the largest
variation ranging from 31 to 35 ppt. This is due to freshwater runoff into the Bay. Deeper
inshore waters have moderate variations with a range of 33 to 35 ppt. Reef areas have the
highest salinities at 36 ppt. Shoal and sand flats have a small range of 34 to 35.5 ppt. Waters
at the bay entrance exhibit the smallest range at 34 to 35 ppt. Freshwater cycles in Kāne‘ohe
Bay have considerable influence on salinity. Freshwater runoff into the bay mixes with higher
salinity waters on shoreline reefs. This generally results in lower average salinity than in the
open ocean. Periods of high rainfall can add a layer of very low salinity water on the surface
of the bay. This may persist for one to four days. Periods of low rainfall and low cloud cover
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increases the temperature of waters over shallow reefs and causes higher evaporation rates.
The salinity during these periods can be higher than in the open ocean.
Dissolved Oxygen
Average dissolved oxygen concentration in Kāne‘ohe Bay at 0 to 3 m (0 to 10 ft)
depth is 4.5 ml/l (Bathen, 1968). At 3 to 8 m (10 to 26 ft) depth average oxygen level is 4.3
ml/l. Below 8 m depth average oxygen concentration is 3.9 ml/l.
Bathen (1968) observed that dissolved oxygen content varies considerably with
location. High oxygen concentrations of 5 to 6 ml/l are found at the entrance of the bay. This
is due to the breaking surf on the barrier reef complex. Dissolved oxygen concentrations along
the large areas of shoreline reefs are also relatively high at 4 to 5 ml/l. High oxygen levels are
also consistently found over areas of patch reef with luxuriant coral growth. Water circulation
around these reefs are weak causing the dissolved oxygen to remain in the area. Waters over
areas with extensive growth of fixed benthic algae also have high concentrations of dissolved
oxygen.
Shoreline areas along stream mouths have lower concentrations at 3.5 to 4 ml/l. This is
due to siltation from stream runoff. Siltation greatly reduces live reef growth and thus oxygen
production. During very heavy storms, however, cold freshwater runoff can result in higher
oxygen levels of 4.5 to 5 ml/l. Historically, oxygen concentrations as low as 2.5 ml/l have
been found in the southeast basin near sewage outfalls.
Meteorology of Kāne‘ohe Bay Watershed
The Kāne‘ohe Bay watershed is about 97 km2 (37 mi.2 or 24,000 acres) (Smith et al.,
1981) in area. It consists of a portion of the Ko‘olau mountains and coastal lowlands
surrounding the bay. It is drained by a series of intermittent small streams. Drainage after a
rainfall is rapid due to the near vertical cliffs of the Ko‘olaus.
About sixty percent of the bay's watershed is coastal lowlands. The coastal lowlands
consist of alluvial deposits, rolling hills from 5 to 250 m (16 to 820 ft) in height, and three
basaltic ridges that bisect the lowlands. Seventy percent of the deposits are older, more
consolidated, and less permeable. These extend from sea level to an elevation of about 200 m
(660 ft). Younger material overlies the older sediments from sea level to an elevation of 70 m
(230 ft). This younger, reworked material is less consolidated and more permeable (Takasaki
et al., 1969).
Climate
Hawai‘i lies in the northeast tradewind belt. The climate of Kāne‘ohe Bay is
semitropical (Chave, 1973). The wet season extends from October to May, with August
having the highest monthly average rainfall (Holthus, 1986a). Maximum daily rainfall,
however, usually takes place in winter during storms which counteract the tradewind
flow.
Rainfall averages about 2400 mm (94 in) per year in the watershed and about
1400 mm (55 in) per year in the inner bay (Smith et al., 1981). Torrential rains are
common. Water loss through evaporation and transpiration averages 1100 mm (43 in)
per year for the watershed and 1700 mm (67 in) per year for the inner bay (Takasaki et
al., 1969). The bay and watershed receive an average net freshwater input of 117 x 106
m3 (31 billion gallons) per year (Smith et al., 1981).
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Air temperature ranges between 20 oC (68 oF) and 28 oC (82.4 oF) throughout
the year. Tradewinds blow about 70% of the time from the NE and E, and average 18.520 km per hour (10-11 knots). Tradewinds are more consistent during the summer
months, although the strongest winds develop during winter storms.
The Ko‘olau mountain chain forms a sharp cliff perpendicular to the prevailing
trades. As the trades winds encounter this cliff, their moisture-laden air is forced
upward suddenly and swiftly. This updraft is so strong near the Nu‘uanu Pali where the
highway crosses the cliff that it sometimes creates an "upside down waterfall". The
wind blows water from existing falls upward during many days of the year (Carlquist,
1980). During rainfall this updraft may even make raindrops appear to fall upward.
As this air rises up the mountain cliff, it suddenly contacts a colder air mass. Its
moisture condenses resulting in rainfall. This is called the orographic effect. Though
the outer margin of the bay receives only about 75-100 mm (3-4 in) of rain per year, the
ridge crest of the Ko‘olau Mountains receive 380-500 mm (15-20 in) per year
(Taliaferro, 1959). Occasional severe winter storms release large amounts of rain that
cause flooding that can severely impact the bay.
Hydrology
A continuous water cycle can be described for tropical volcanic islands. Its
pattern varies at different times and places according to differences in landforms, soils,
and rainfall. The cycle is also modified by human activities, such as diversion of stream
water for irrigation, loss of groundwater from wells, alteration of infiltration by
resurfacing the land, altering evapotranspiration and runoff patterns by agricultural and
urban development, and disposal of sewage effluent into the ocean.
Sources of Surface Water-Streams
The landforms of surface water drainage basins reflect the geologic age and
rainfall in different parts of the Hawaiian Islands. Watersheds are typically small. Of
the streams gauged on O‘ahu, 80 percent have drainage areas smaller than 13 sq. km (5
sq. mi. or 3200 acres) (Armstrong, 1983).
The relief of the watershed land and the stream channel is steep, especially in
the headwaters. Stream channels are short and lack storage, and at times of heavy rain
they are liable to flash floods.
Many streams are nearly perennial in mountainous areas where orographic rain
occurs daily. Streams that traverse dry lowland and coastal plains tend to lose water as
it seeps into the porous soil. Stream water is usually tapped by diversion in rainy
headwater areas and transported long distances from the watershed. Stream water
quality is generally lower than that of groundwater in terms of turbidity, nutrients, and
coliform, especially during wet weather periods. Outside of the forest reserve
headwater areas, urban and agricultural activities introduce pollutants such as traces of
pesticides and heavy
Metals
Although freshwater enters Kāne‘ohe Bay directly from rainfall, most comes
from runoff from the watershed. The steep slopes and stream channels in the nearly
vertical Ko‘olau Mountains result in large volumes of runoff. Seven perennial streams
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carry most of the surface freshwater discharge into the bay. Fifty percent of the net
runoff enters the NW region of the bay and 25% enters the SE (Bathen, 1968). Of the
estimated 117 x 106 m3 (31 billion gallons) per year of freshwater that enters the Kā
ne‘ohe Bay watershed and bay (Smith et al., 1981), it was estimated that 23 x 106 m3
(6.1 billion gallons) were annually diverted for domestic and agricultural use (Takasaki
et al., 1969).
Large volumes of runoff can also transport very large quantities of sediment.
Sediment load varies with the amount and rate of rainfall. The seven streams were
estimated to average 1.8 x 105 kg (200 tons) of terrigenous sediment per day, with an
average annual yield of 6.6 x 107 kg (73,000 tons) (Jones et al., 1971). Fan (1973)
estimated that one of the larger streams alone in flood carried 8.9 x 106 kg (9800 tons)
of sediment per day. Channelization of streams and removal of vegetation for urban and
agricultural development have increased freshwater runoff and erosion in the bay.
Sources of Groundwater-Aquifers
The geologic feature that is of greatest hydrologic importance is the presence of
thousands of layers of volcanic rock formed from lava flow over lava flow (Armstrong,
1983). These thin-bedded (3 meters or less), gently sloping (3-10o), lava flows
comprise the bulk of the island volcanoes. These flows are typically very porous due to
an abundance of clinker sections, voids between flow surfaces, shrinkage joints and
fractures, lava tubes, and gas vents.
These layers of porous rock are highly permeable to water and thus serve as
excellent aquifers. The principal aquifers in Hawaii accumulate fresh water in large
lens-shaped bodies near sea level. The lens (commonly known as the GhybenHerzberg lens) is maintained through direct recharge by rain water and indirect
recharge by seepage of high-level, dike-impounded water.
When an island is newly emerged above the ocean, the only groundwater in the
rock is salt water from the ocean and its surface is at sea level. A freshwater lens
develops as fresh water percolates down to the salt water and, because of its lower
density, floats on the underlying salt water. The freshwater lens gradually expands in
thickness and depresses the interface between the fresh water and the salt water to some
depth below sea level. At the interface, the salt water and fresh water mix to form a
"zone of transition" whose thickness varies from about 3 meters (10 ft) in a relatively
undisturbed lens to as much as 300 meters (985 ft) in parts of southern O‘ahu.
On the older islands, especially Kaua‘i and O‘ahu, the coastal margins of the
volcanic mountains are covered by non-porous material of alluvial and marine origin.
Formation of Ghyben-Herzberg lens called caprock. These materials act as barriers that
retard the seaward escape of groundwater and cause the basal freshwater lens to thicken
and to become artesian. The freshwater lenses in southern O‘ahu are of this type, with
heads that are presently 6-8 meters (20-26 ft.) above sea level, and with total
thicknesses of about 250-315 meters (820-1,025 ft). In other permeable basalt regions
that lack an effective caprock, the lenses are as thin as 15-30 meters (50-100 ft).
The quality of Hawai‘i's fresh water from basaltic aquifers is excellent: the
water is soft (low in mineral content) and free from harmful bacteria and viruses.
Sewage-borne coliform bacteria and pathogenic enteric viruses are filtered from water
passing through the common soil found on all major islands except the Island of
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Hawai‘i. Consequently, the fresh water from basaltic aquifers is free of coliform
bacteria and meets U. S. drinking water standards.
The basal groundwater is tapped by pumped wells and infiltration galleries.
Infiltration galleries, known as Maui wells throughout the world, are nearly horizontal
tunnels of great length drilled just below the water table. Theoretically, they skim the
top of the basal lens water.
The only serious source of contamination of the basal freshwater lens is the
underlying seawater. Excessive pumping of the freshwater lens causes a rise in the
concentration of chloride from the seawater. Another concern is agricultural returnirrigation water, which accumulates in the uppermost layer of the basal water.
Agricultural seepage contains high concentrations of chloride, nitrate, and sulfate.
Dike Impounded Groundwater
In the rift zones on the flanks of Hawaiian volcanoes, molten lava intruded,
cooled in the fissures and formed dikes. Unlike permeable flow basalts, dikes are nearly
vertical sheets of dense basaltic rock. Where dike complexes cut through the permeable
lava flows and make up 10 percent or more of the total rock volume they can form
water storage compartments (Armstrong, 1983).
Such dike complexes are generally located at high elevations and impound rainfed percolating water 60 m to 90 meters (200-300 ft) above sea level. Natural seepage
occurs through mountain springs which continuously discharge perched and dike
impounded groundwater. Dike water is collected by piercing a tunnel through several
dike compartments at high elevations from which the water drains by gravity.
Approximately 2.4 cubic meters per second (54 mgd) is drawn from dike compartments
on O‘ahu.
History of Water Use in Hawai‘i
The early Hawaiians developed a water supply system based on streams,
springs, and hand-dug wells for subsistence and agriculture (Armstrong, 1983). They
built low, stone dams in streambeds to raise the level of water. The water was then
diverted into ditches for the irrigation of taro fields.
In the second half of the nineteenth century, long ditches were built to carry
stream water to dry, leeward areas for large-scale farming on sugar cane plantations.
The first irrigation ditch was built for Lihue Plantation on Kaua‘i in 1857. Hawaii's first
drilled well, completed in 1897 near Ewa, O‘ahu, struck artesian water, and the secret
of the vast groundwater resources in southern O‘ahu became quickly known.
Water diversion to the leeward side of O‘ahu by means of tunnels bored
through the Ko‘olau's began in 1916 with the Waiāhole ditch tunnel system. Involved
with the project were 27 connected tunnels with 37 stream intakes and 4 development
tunnels. Debris from the main tunnel was hauled to Kāneohe Bay via a railroad system
that was constructed for the 6 km (10 mi) haul.
The Waiāhole Stream discharge between 1956-1958 was 2.43 x 107 m3 (6.41 million
gallons), about two-fifths of the 1912 figure (Devaney et al., 1976). Two valley springs dried
up and the Waikane Stream flow decreased. Groundwater storage was also estimated to be
reduced by 1.1 cubic meters per second (24.23 mgd) as a result of this project. Tunnels
constructed following this project were the Haiku Tunnel, the Kahalu‘u Tunnel, and the
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Waihe‘e Tunnel. They were constructed in 1940, 1946 and 1955 respectively. They resulted
in the same general pattern of decreased stream flow, dried springs, and reduced groundwater
storage (Devaney et al., 1976). Stream runoff in the bay went from an estimated average of
3.7 cubic meters per second (83.2 mgd) to 2.1 cubic meters per second (48.1 mgd),
representing an overall decrease of over 40%.
Fresh water has had an important bearing on both the terrestrial and marine areas of
the Kāneohe Bay region. At the end of the 19th and early 20th century, overgrazing by cattle
is thought to have denuded some terrestrial areas, possibly resulting in material being washed
into the bay and causing "the first deterioration of the inshore environment" (Banner, 1974).
Runoff and sedimentation loads due to urbanization have affected the bay since the 1950's.
Mass mortality of marine life as a result of extreme flooding, combined with low-tide
conditions, is well documented (Banner, 1968). The transport of pollutants, whether as
increased nutrient loads of pesticides from sewage or urban runoff, is of major concern and
has received considerable attention in recent years (Devaney et al., 1976).
Uses of Hawaii's coastal waters as a waste-water receptacle, if done improperly, can
have an adverse impact on recreational waters and beaches. Further, marine conservation and
preservation zones, as well as fisheries, are continually affected by coastal land and water
uses and management practices. The 1970's have seen considerable research, planning,
regulation, and improvement in wastewater management, with the result that coastal waters
and marshes are now better protected than formerly.
Future of Water Use in Hawai‘i
On the island of O‘ahu in 1975, total use of fresh water amounted to 21 cubic meters
per second (470 mgd) (Armstrong, 1983). Of this, 18 cubic meters per second (400 mgd), or
85 percent, was drawn from groundwater sources. O‘ahu's municipal water supply is virtually
100 percent dependent on groundwater sources.
Water budget estimates for O‘ahu indicate the rainwater is dispersed as 40 percent
evapotranspiration, 24 percent surface water runoff, and 36 percent groundwater recharge.
Not all surface water and groundwater is available for human use. The sustainable yield of
groundwater for O‘ahu is estimated to be in the range of 21-28 cubic meters per second (480630 mgd), which is somewhat less than what is being replaced by groundwater recharge. For
the entire island of O‘ahu, the present 18 cubic meters per second (400 mgd) draft from
groundwater approaches the sustainable yield from this source, a situation that indicates a
potential water shortage by the year 2000.
Stream water is again regarded as an important alternative source for areas where
groundwater sources, such as the Pearl Harbor aquifer, are nearing full exploitation. Surface
water flow is seasonally variable and it is easily contaminated. Increased use of surface water
and construction of more surface water treatment plants will have to be considered in the near
future. Another minor source of water supply is rainwater catchment, which is practiced in
rainy areas and especially in rural areas on islands other than O‘ahu.
Whether there will be an adequate water supply for the island of O‘ahu beyond the
year 2000 is a major and valid concern. By the turn of the century, water demand on O‘ahu
could exceed the total sustainable yield of all the island's water sources developed by
conventional methods. Potential and alternative water sources will have to be determined,
including greater use of dike and stream waters, use of sewage affluent for irrigation, blending
brackish water with fresh water, and desalting brackish water.
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Wave and Current Regime:
Circulation patterns
Bathymetry controls the predictable circulation patterns within the bay and are driven
by tides and wind (Bathen, 1968). Oceanic water is transported into the bay over the barrier
reef driven by wave action. Water is transported out of the bay through the Sampan and Ship
Channels. The SE sector has a longer residence time than the NE sector due to its enclosed
nature.
Circulation patterns differ for incoming and outgoing tides (Bathen, 1968). East
O‘ahu is subjected to a SE to NW long-shore current. Although the majority of the water
entering the bay is surface oceanic water, flowing over the barrier reef, water also enters the
bay through the Sampan Channel over its entire vertical range during incoming tides. On
incoming tides at the deeper Ship Channel, water enters the bay from the surface to
approximately 7 m (23 ft) while a reverse flow takes water out of the bay below this depth. A
similar pattern exists for deeper waters on the outgoing tides although surface circulation is
very different. Most wind and wave driven surface water that enters over the barrier reef is
diverted to the two main channels which are the main exit points during outgoing tides. In
general, surface waters flow out of the SE basin through the Sampan Channel.
Mixed tides typify tidal cycles in Hawai‘i with two high and two low tides of different
heights occurring daily. Although the mean tidal range is relatively small (68 cm/d /27 in/d),
it can have a significant effect on areas such as Kāne‘ohe Bay which include a large number
of shallow reefs.
The times that high and low tides occur precede The tidal times in Honolulu Harbor
by 75 to 93 minutes (Bathen, 1968). The daily tidal height exceeds that of Honolulu Harbor
by between 3 and 8.5 cm (1.2-3.3 in). The bathymetry of Kāne‘ohe Bay accounts for about a
3 cm difference while the remainder of the increase is mainly due to the effect of winds.
The volume of water exchanged between the bay and the open ocean depends on
bathymetry and tidal heights. Mean tidal exchange results in an exchange volume of over 9
billion gallons and exceeds 13 billion gallons with a maximum tidal exchange. This exchange
rate and tidal height is also dependent on wind speed and direction. A decrease in tidal height
occurs when Kona or South winds prevail. This decrease can lower daily tidal heights to less
than those of Honolulu Harbor. Prevailing northeasterly tradewinds have the opposite effect,
increasing tidal heights to as much as 5.5 cm (2.2 in) over predicted tides.
Human Use Patterns:
Dredging, Filling and Sediment - Irreversible Damage
The most extensive and irreversible changes made to the reef environments of
Kāne‘ohe Bay were from dredging and filling. These completely alter the structure
upon which the reef grows so that recovery is impossible in many instances. Dredging
and filling can also modify the physical regime of an area by changing circulation
patterns, salinity, and temperature. Dredging in Kaneohe Bay was limited prior to 1939
and consisted primarily of dredging boat basins and piers through fringing reefs
(Devaney et al., 1976). The most extensive dredging and filling was associated with the
construction of the Kāne‘ohe Marine Corps Air Station on Mokapu Peninsula between
1939 and 1945. Patch reefs and fringing reefs were also dredged to accommodate
shipping and to construct a seaplane runway. Patch reefs were likewise dredged to clear
a ship channel the entire length of the bay, and the NW channel was dredged to a depth

Final Report: EPA Grant CD97918401-0 P. L. Jokiel, K S. Rodgers and Eric K. Brown

Page 30

of 10 m (33 ft.). Some of the material dredged for the Marine Corps Air Station was
used to double the land area of the Mokapu Peninsula (Roy, 1970; Devaney et al.,
1976). The remainder of the material was dumped either in the bay or offshore in
deeper water. It is believed that this dredged material is responsible for a significant
amount of the shoaling that has occurred in Kāne‘ohe Bay (Roy, 1970; Devaney et al.,
1976).
Private dredging and filling has had an effect on Kāne‘ohe Bay. Moku o Lo‘e
has been extensively dredged and has had its size doubled by filling. From 1946 to
1976, twelve ancient Hawaiian fishponds were filled for housing developments, in
some cases, by dredging the adjacent fringing reefs (Devaney et al., 1976).
In addition to physical destruction of the reefs, dredging produces fine
sediments that smother and scour corals. Sediment is unsuitable for coral planulae
settlement, preventing reestablishment of the corals. Recovery of dredged areas is very
slow and frequently impossible over normal periods of time. Recent surveys in the SE
basin indicate that corals have reestablished on some dredged reefs (S. Coles and P.
Jokiel, personal observation).
Urbanization
Population growth and urbanization in the Kāne‘ohe region grew after 1930,
with very rapid expansion after 1940 (Devaney et al., 1976). Clearing of the land,
construction of surfaces impervious to water (roads, parking lots, etc.), and
channelization of streams resulted in erosion and transport of freshwater and sediments
into the bay. Increased land sediment input and material from dredging caused the bay
to shoal by about 1.65 m (5.4 ft) between 1927 and 1969 (Roy, 1970).
A major impact of urbanization was the discharge of large volumes of sewage
into the SE portion of the bay. This caused a large increase in the nutrients necessary
for plant growth. The result was a rapid increase in the amount of phytoplankton and
benthic algae. The phytoplankton increase lowered water clarity and light penetration in
the water, which had a severe impact on corals. The green "bubble algae"
(Dictyosphaeria cavernosa) rapidly spread and grew over the coral causing extensive
mortality. Filter feeding organisms multiplied as a result of the increased plankton.
Many of these organisms bore into calcium carbonate and their increase accelerated the
degradation and breakdown of the coral reef structure. The overall result was the
massive mortality of coral and associated organisms in the SE bay. Fortunately, many
areas have recovered now that the sewage is being diverted to an offshore discharge
site.
Sewage Discharge
Prior to the development of sewage collection systems, pit latrines and
individually constructed cesspools met the needs of the then small community of
Kaneohe (Goodin & Sanderson, 1977). In 1951, Kāne‘ohe Marine Corps Air Station
built the first sewage collection system which discharged virtually untreated sewage
along the southeastern margin of the bay until early 1972. In 1963, the City & County
of Honolulu's Public Works Department built Kāne‘ohe Municipal Plant which began
dumping secondarily treated sewage (settled and chlorinated) in the southwest corner of
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the bay. By 1972 it was discharging an average of .13 cubic meters per second (3.05
mgd).
In 1969 documented changes in the southeast basin included eutrophication,
decreasing species diversity, decreasing plankton populations, and altered ecosystem
structure. Changes in coral reef communities were gradual in the 1950's and 60's but
accelerated in the latter years. Benthic organisms showed an increasing dominance of
filter and detrital feeders such as sponges, colonial and solitary tunciates, feather-duster
worms, oysters, clams, and a detritus-eating sea cucumber, Opheodesoma spectabilis. A
further effect of sewage was the displacement of corals on the reef slopes by green
bubble algae Dictyosphaeria cavernosa. The Department of Health did a detailed study
of Kāne‘ohe Bay in 1969 but found no problem.
In 1972 various citizens groups (such as the Outdoor Circle,
Kāneohe and
Kahalu‘u Citizens' Councils, Windward Citizens Planning Conference, and numerous
university professors) began to work together and take action by forming a united
organization known as " Kāne‘ohe Bay in Crisis" (Tanimura, 1988). This groups
blocked construction of a thermal power plant along Kaneohe Bay and drafted a city
grading ordinance that was eventually adopted. In 1971, a Kāne‘ohe Bay Task Force
headed by the director of the Office of Environmental Quality Control was appointed
by the governor. The task force built a case for the diversion of the sewage outfall to
the open ocean.
The diversion was eventually constructed and put into effect in 1978. KMCAS
continued to discharge sewage for a short time longer. In 1988 a small treatment plant
at Ahuimanu continued to discharge sewage in the center of the bay with plans to
connect up with the ocean outfall of Mōkapu Peninsula. Since diversion, periodic
breakdowns in the sewer system continue to dump thousands of gallons of raw sewage
into the bay (the most recent breakdown is occurring as this is being written, 5 Jan.
1991).
Research done by Hawai‘i Institute of Marine Biology scientists confirmed that
sewage and its resulting nutrient loading definitely impose a major stress on bay corals
and stimulate green bubble algae growth. Studies also found that after diversion and
removal of heavy sedimentation and nutrient loading, corals showed signs of recovery
in a surprisingly short time. Reducing sewage, however, also reduces food for fish,
clams, and seaweed (i.e. ogo or Gracilaria) which thrive on high nutrient
environments.
Noteworthy Biota or Ecological Conditions:
Marine organisms can be classified by where they live. Those that drift with the
currents in Kāne‘ohe Bay are known as plankton. Those that swim in open waters are nekton.
The term demersal is used for fishes that live around a coral reef. This is in contrast to pelagic
species that range in open waters between reefs. Organisms that live on the sea floor are
benthic and include those that are sessile or live in one place. Sessile animals are fixed or
attached to a substrate. Other territorial organisms can move about, but live permanently
associated with an area.
Populations of marine organisms are groups of individuals that belong to the same
species. Communities are all the populations living in a given limited area. Ecosystems are
communities and their physical environment considered together.
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Marine organisms are also classified by how they relate to each other. Associations
between two different organisms that involve an intimate "living together" are generally
referred to as symbiotic relationships. Some of them are so close that the partners are
mutually dependent (mutualism). In others, one of the partners exploits the other (parasitism).
However, there are other cases of association in which the relationship is less close, the level
of dependence is low and the partners can do quite well without one another (commensalism).
Marine organisms are also grouped by trophic relationships or what they eat and what
eats them. Three major trophic divisions are producers, consumers, and decomposers. Marine
plants and phytoplankton (plant plankton) are self nourishing. These are called primary
producers. Other marine organisms ultimately depend upon these primary producers for food.
The complex feeding relationships of marine organisms are represented by diagrammatic food
webs
Rates of primary productivity limit the size of consumer populations they support.
Consumption and predation rates are regulated through a feedback mechanism. Abundant
primary productivity allows consumers to thrive and reproduce rapidly. Eventually, they
consume the marine plants faster than they can reproduce themselves. Overgrazing causes
food shortages which in turn reduces consumer populations. With decreased consumption the
phytoplankton population can recover and the cycle begins again. The ever changing rates of
consumption and primary production along with the complexity of food web relationships
ensure highly dynamic populations throughout marine communities.
Habitats in Kāne‘ohe Bay
A habitat is the physical place where an organism lives. Kāne‘ohe Bay offers a diverse
array of habitats for marine organisms ranging from inter-tidal to deep sea within only a few
kilometers of each other. The interrelated influences of tides, circulation, bathymetry, wave
action, and water quality produce an infinitely varied set of vertically and horizontally
arranged habitats. Vertical and horizontal distribution of marine organisms reflect
corresponding changes in the environment. This distribution is called zonation.
The surface of Kāne‘ohe Bay waters are populated by plankton. Phytoplankton or
plant plankton are generally microscopic single celled organisms. They are limited to the
upper photic or sunlit portions of the water column. Zooplankton or animal plankton live
throughout the water column and range in size from microscopic single celled organisms to
large multicelled ones.
Kāne‘ohe Bay has a particularly rich assemblage of plankton. Some of the members of
this habitat are the nehu or Hawaiian anchovy (Stolephorous purpureus), arrow worms
(Sagitta), copepods, barnacle, crab, and mollusc larvae, and Oikopleura longicauda, a freeswimming tunicate that builds a mucus house around itself. Also in this habitat are members
of the "wind drift community" which includes the Portuguese-man-o'-war.
Pelagic organisms in Kāne‘ohe Bay include large fish such as ulua and papio
(Carangidae), aku (Katsuwonus pelamis), hammerhead sharks (Sphyrna zygaena), halfbeak
and needlenose fish, Hawaiian green sea turtles (Chelonia mydas), and occasionally Pacific
bottlenose dolphins (Tursiops gili). Offshore and oceanic waters outside of Kāne‘ohe Bay
support large schools of aku and mahimahi (Coryphaena hippurus). Occasionally humpback
whales (Megaptera novaeangliae) are seen during winter months. The first speciman of a
previously unknown shark, "Megamouth", was also captured offshore of Kāne‘ohe Bay at a
depth of approximately 150 m (500 ft).
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Benthic habitats in Kāne‘ohe Bay are found in upper, middle, and lower intertidal
zones along the coast. Shorelines have small sandy beaches, rocky shores, mud flats, and
mangrove swamps. Many of these areas are affected by estuarine conditions.
Subtidally, many organisms live on live coral reefs as well as in dead coral and coral
rubble areas. Sandy and muddy areas of the lagoon floor along with hard bottom areas of
limestone and lithified sand dunes in the bay also provide habitats. Organisms are found
living both in as well as on top of the bottom substrates.
The upper intertidal is also known as the splash zone as it is only wet by high spring
tides and splash from waves. Organisms in this habitat in Kāne‘ohe Bay include a‘ama crabs,
ghost crabs or ohiki, periwinkle shells, and black nerite shells or pipipi. Middle and lower
intertidal zones are frequently innundated by tides and have greater diversity. Inhabitants
include hermit crabs, blue pincher crabs, loose colonies of zoanthids, sea anemones, sponges,
solitary and colonial tunicates. Algae or limu in this habitat includes sea lettuce (Ulva spp.),
and several edible reds (Gracilaria salicornia, Hypnea spp., Eucheuma spinosum).
Kāne‘ohe Bay has extensive areas of mangrove swamp and estuarine mud flats. The
dominant mangrove species is Rhizophora mangle or red mangrove. These areas are
dominated by freshwater from stream runoff during low tides and by seawater during high
tides. There are also large fluctuations in dissolved oxygen, pH, and temperature in these
habitats. Frequently, these areas are one of deposition and decay. The prop roots of the
mangroves accumulate much sedimentary and organic detritus producing a fine silty mud
bottom of alkaline pH and containing hydrogen sulfide.
Inhabitants of these areas are tolerant to large changes in salinity. Freshwater species
live closer to the landward side of this habitat while brackish and marine species live closer to
the seaward edges. Organisms found here include blue pincer crabs, mantis shrimp, little
necks clams, pipipi, polychaetes or bristle worms, and marine gobies. Freshwater species
include several species of endemic gobies, hihiwai, and a freshwater opae. Many of these
areas are breeding grounds and nursery areas for other Kāne‘ohe Bay marine life.
The lagoon floor in the bay has both sandy and hard bottom substrates. Sand dwellers
frequently burrow into the substrate. These include acorn worms, auger shells, box crabs,
alpheid shrimp, the lampshell Lingulua, and clams. Schools of goat fish or weke (Mullidae)
swim over sandy bottoms in search of food. Halophila or turtle grass is also found growing in
sandy areas of the lagoon, especially on parts of the sand bar. Hard bottom dwellers include
serpulid worms.
Kāne‘ohe Bay is famous for its coral reefs. Coral reefs are the largest biologically
produces structures on the surface of the earth. Its primary productivity equals or surpasses
that of all other natural ecosystems. They provide food and shelter for a greater variety of
living things than most other natural areas in the world. One reef alone may support as many
as 3,000 species. It would be greatly beyond the scope of this paper to describe all the
organisms found on a reef.
Fish commonly found living on Kāne‘ohe Bay reefs include wrasses or hinalea
(Labridae), parrotfish or uhu (Scaridae), butterflyfish (Chaetodontidae), damselfish
(Pomacentridae), surgeonfish and tangs (Acanthuridae), and goatfish (Mullidae). Algae
include members from the greens (Ulva, Halimeda, Dictyosphaeria), browns (Padina,
Sargassum, Dictyota), and reds (Gracilaria, Eucheuma, Hypnea, Acanthophora, Porolithon).
Echinoderms include black, brown, and red sea cucumbers, the soft Opheodesoma spectabilis,
and several sea urchins: short spined boring urchins or ina (Echinometra mathaei), long-
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spined wana (Echinothrix diadema), red slate pencil urchins (Heterocentrotus mammillatus),
and collector urchins (Tripnuestes gratilla).
Kāne‘ohe Bay Corals
The Hawaiian Islands have few reef corals due to their isolated geographic locality.
Most of the 40 known species (Maragos, 1977) occur in Kāne‘ohe Bay, though only a few are
abundant. These corals can be separated into two faunas based on wave energy. High energy,
wave resistant species occur on the seaward margin of the barrier reef, while more delicate,
low energy species occur in the bay proper. However, many of the bay species also occur
throughout the Hawaii Islands in deeper, low energy environments.
Corals are most common on the crests and slopes of fringing and patch reefs in the
bay, and on the algal ridge/reef flat, crest, and slopes of the barrier reef. They are rare or
nonexistent on the soft bottom of the bay, on the reef flat of fringing and patch reefs, and on
the lagoonward depositional slope and back reef flat of the barrier reef. In general, corals have
to grow on hard substratum in areas with clear, high salinity water; they do not grow well in
areas with murky, sediment laden water or low salinity.
The most abundant coral in Kāne‘ohe Bay is the finger coral, Porites compressa. It is
found in the bay proper and cannot withstand high wave energy; it is also common in other
protected habitats around the Hawaiian Islands. This species has a porous skeleton and forms
finger-like projections. Large platforms can form when adjacent colonies grow or fuse
together. Its rapid grow rate allows it to outcompete other corals and Maragos (*1972)
estimates that Porites compressa comprises as much as 85% of the total coral population in
Kaneohe Bay.
Porites compressa is quite variable in morphology and at least 16 forms have been
described (Maragos, 1977). This variability is expressed by different amounts of branching,
fusion of branches, etc. Even with this large degree of variability, the species is considered
distinct enough to be separated from all other species in the genus Porites, and it is generally
recognized as occurring only in the Hawaiian Islands. However, recent studies (S. Coles,
personal communication) indicate that P. compressa is very similar to, or is the same species,
as a Porites sp. that occurs in the Arabian Gulf. If they are indeed the same species, this is a
remarkable distribution pattern because it has not been found at any locality in between.
The other most common corals in Kāne‘ohe Bay are Montipora verrucosa,
Pocillopora damicornis, Cyphastrea ocellina, Pavona varians, and Fungia scutaria. They
occur in varying amounts but are much less abundant than Porites compressa.
The most common corals on the seaward portion of the barrier reef are Porites lobata
and Pocillopora meandrina, both of which are high energy species. Lower numbers of "bay"
species also occur. In general, coral coverage is lower on the barrier reef than in the bay, with
live coverage averaging between 5 to 10 percent.
Historically, Kāne‘ohe Bay has been known for its lush coral gardens, especially in
the south bay. However, several man-made and natural impacts have altered parts of the bay
to the extent that few corals are currently found. The south bay in particular has been
subjected to impacts from agriculture, urbanization, pollution, dredging, and filling so that
large areas have been modified. Perhaps the most extensive impact resulted from discharging
large volumes of sewage into the SE basin that resulted in widespread coral mortality.
Fortunately, the diversion of the sewage outfall to the ocean side of the Mōkapu Peninsula
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resulted in an almost immediate improvement of environmental conditions, resulting in a
widespread recovery of the coral assemblage.
Natural environmental extremes occur in Kaneohe Bay that have limited, and
sometimes extensive impacts, on the corals. Extreme low tides occur periodically that expose
coral to air, temperature changes, and fresh water (rain). This generally has a limited impact
and can cause some mortality, although it can be more serious if it occurs at noon on a very
hot day or during a very heavy rain storm. Freshwater "kills" are generally more serious and
result from severe storm flooding and runoff from the land. If flooding occurs during an
extreme low tide, coral (and other marine organisms) can be killed down to a depth of several
feet below the water surface. An extensive freshwater "kill" occurred during the Keapuka
Flood of May, 1965, as well as the New Years flood of 1988. Shallow fringing and patch reef
corals throughout the bay were killed during these floods. Although these impacted areas do
recover, it takes several years.
Other invertebrates include lobsters, 7-11 crabs, box crabs (Calappa calappa),
octopus, pearl oysters, cowrie, and cone shells, tunicates, sponges, shrimp, feather duster
worms.
Organisms of Kāne‘ohe Bay
Several of the more interesting or unusual organisms found in Kāne‘ohe Bay are
presented here in more detail. This is by no means a complete listing of all the important or
fascinating organisms that live in or around the Bay.
Octopus cyanea is found throughout the Indo-Pacific and in the Hawaii is commonly known
as the "day squid" or "hee". The commercial fishery is small, about 3,000 kg (3.3 tons)
annually in 1976, according to State Fish and Game Records. Sports fishermen, however,
probably take three to four times the commercial catch (Van Heukelem, 1976).
When they are small, they double their weight every 11-13 days. At ten months, they
are fully mature and weigh an average of 4 kgs (8.8 lbs.) with a maximum of 6 - 7 kgs (13.215.4 lbs.). Growth ceases shortly after sexual maturity. They die of old age at 12-15 months.
Females die shortly after their eggs hatch and males die after reaching sexual maturity.
Spawning takes place throughout the year. This species feeds on small crabs, shrimp, and
other crustaceans. Piles of crab shells are often found outside of their burrows. After
spawning, female octopi rarely eat. Eggs require 20-36 days to develop. Females usually die
within 10 days after hatching their young.
Kāne‘ohe Bay is a pupping ground for the scalloped hammerhead shark Sphyrna
zygaena or manō kihikihi (Clarke, 1971). The pups are most abundant between April and
October. While in the bay, the pups stay in the most turbid areas by day and move out at night
to reef areas where they feed on reef fishes and crustaceans. The pups spend a maximum of
three to four months in the bay and then leave nearshore areas. The total number of pups born
in Kāne‘ohe Bay may be as high as 10,000 per year.
Adult hammerheads enter the bay between April and October to bear young and breed.
Squid beaks in their stomachs show that the adults have come in from offshore areas. These
types of squid do not occur in the bay. Hammerhead sharks live in deep ocean waters during
the rest of the year. While in the bay, the hammerheads are largely concerned with breeding
and have not been a threat to swimmers and divers. Hammerhead pups are the most abundant
large carnivore in the bay, particularly around the reefs. They probably consume a significant
portion of the reef's resources.
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Humpback whales can be found offshore of Kāne‘ohe Bay. The scientific name of
humpback whales is Megaptera novaeangliae which means "giant wings of New England."
This whale is found throughout the world's oceans (Mobley and Dell, 1985). The North
Pacific is one home for the estimated 5,000 to 7,500 that inhabit this planet. The whales arrive
in Hawai‘i during the winter and spring months from the colder, nutrient rich waters of
southeast Alaska through the Gulf of Alaska and the Aleutian archipelago. The roundtrip
distance of 9,600 km (6,000 mi.) qualifies the trip as the longest traveled by any animal
species. The behavior of the humpbacks while in Hawai‘i contrasts sharply with those in the
feeding areas off southeast Alaska. The quick swimming and elusive svelte humpbacks in
Hawai‘i give way to the slow moving, rotund grazing giants in the northern waters.
Prior to the 20th century, as many as 15,000 whales existed in the North Pacific
population, but the population has dwindled due to the intensive whaling that has occurred in
this century. Although protective measures have been initiated by whaling nations since 1966,
current populations are estimated to be from under 1,000 to over 2,000 individuals.
The Hawaiian Green Turtle, or honu as it is known to the Hawaiians, is another
inhabitant of Kāne‘ohe Bay. The scientific name is Chelonia mydas. It is the most abundant
of the two species of marine turtles native to the Hawaiian chain (Balazs, 1976). Primarily
vegetarians, they feed on marine plants that grow in shallow coastal waters. The color portion
of the name refers not to the shell or skin color, which ranges from black to dark olive, but
rather to the fat that occurs in their body.
In March, the Hawai‘i Green Turtle travels to the Northwestern Hawaiian Islands,
specifically to French Frigate Shoals, which is the largest mating and nesting grounds. The
females lay their eggs there between mid-May and August. Weighing in at only 30 grams
(one ounce) at hatching, the turtles will grow to weigh a whopping 90-170 kg (200-375 lbs.)
when mature (Balazs, 1976). While most marine turtles never return to the land after leaving
their natal beach, the Hawaiian Green Turtles bask regularly on the beaches of these protected
refuge islands.
The other species of turtle that is found in the Hawaiian Archipelago is the Hawksbill,
known to the Hawaiians as ea and to the scientists as Eretmochelys imbricata. It is easily
distinguished from the Green Turtle by it's pointed hawk-like beak, which allows them to
probe into coral and rock crevices. Also, the plates of the juvenile's shell overlap one another
(Balazs, 1976).
The adult shell coloration is mottled brown and the underside is yellowish. Due to market
demand in more affluent countries, the Hawksbill is hunted for it's horny plates or "tortoise
shell" for use in such items as jewelry and combs; and more recently for whole stuffed
animals, which creates a demand for even small immature animals (Balazs, 1974). The U.S.
Department of the Interior and the International Union for the Conservation of Nature have
placed the Hawksbill on an Endangered Species List.
The commercially valuable black-lipped pearl oyster (Pinctada margaritifera) was
once abundant in Kāne‘ohe Bay, but has nearly been eliminated by collectors. This species
occurs throughout the Pacific and is a valuable source of pearls and mother of pearl. This
industry generates approximately 28 million dollars annually. This species is now protected in
Kāne‘ohe Bay: it is illegal to remove shellfish from the bay. Nevertheless, ignorant or
disreputable individuals still take specimens for ornamental or aquarium use. Pearl oysters
were abundant at Pearl and Hermes reef in the Northwest Hawaiian Islands in the 1920's,
where it was found at lagoon depths of 2 to 7 m (6.6-23 ft.). Shells weighing upward of 7 kg
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(15 lbs.) were reported in 1930. Over 9.07 x 104 kg (100 tons) of shell was removed from
Pearl and Hermes reef between 1927 and 1929. The beds never recovered. Very few living
oysters have been seen at Pearl and Hermes reef in recent years.
In 1930, 310 oysters were introduced from Pearl and Hermes reef into Kāne‘ohe
Bay. Good growth and reproduction was reported. In 1938, over 1.9 x 104 kg (21 tons) of
pearl oysters were dug from beds in Kāne‘ohe Bay and distributed and resown on different
islands Devaney et al., 1976). It is estimated that only about 900 black-lipped pearl oysters
remain in Kāne‘ohe Bay (Rodgers et al., 2000).
One of the most unusual species found in Kāne‘ohe Bay is Lingula reevii a
brachiopod that is endemic to the Hawaiian Islands (Emig, 1987). This species, remaining
essentially unmodified for 350-400 million years, is literally a living fossil. Brachiopods
(lamp shells) are common marine fossils. They are now rare throughout the world. There are
twelve species currently found throughout the world, seven being endemic, throughout Japan,
Northern Australia, the Hawaiian Islands (occurring only in Kāne‘ohe Bay), and the
Philippines (Worcester, 1969). Members of this genus are found mostly in shallow marine or
brackish waters from the intertidal zone to about 20 meters (66 ft.). Due to the unique nature
of these Brachiopods, conservation is very important.
The Portuguese-man-o'-war (Physalia physalia) usually lives far out to sea and is part
of the "wind drift" community. Another member is a beautiful and delicate purple snail
(Janthina fragilis). This snail floats on the surface by secreting a float made of bubbles. The
blue nudibranch or sea slug (Glaucus atlanticus) also belongs to this community. It floats on
the surface by spreading out projections that look like wings. Both these animals are predators
of the Portuguese-man-o'-war.
The Portuguese-man-o'-war and its community co-members are often seen blown into
Kāne‘ohe Bay by storms and strong north winds. The Portuguese-man-o'-war, like coral, is
colonial, formed by many animals called polyps. Unlike coral, the Portuguese-man-o'-war has
groups of polyps specialized to perform various functions. Some polyps form the bubble and
keep it inflated, some form the tentacles and stinging cells. Other specialities are feeding,
reproduction, and food capture.
Portuguese-man-o'-wars are predators that kill their prey with stinging cells or
nematocysts located on the tentacles. The tentacles are extended for many meters when
actively "fishing". Upon contact, the nematocysts discharge tiny venomous barbs into their
prey. The barbs are what causes a person to feel like they are being stung by many dozens of
bees when hit by a Portuguese-man-o'-war.
After firing, the nematocysts cannot be reused so are detached from the tentacles and
discarded or left stuck in the prey. The venom contains three different toxins which prove
fatal to small fish and other prey items. In humans, the histimines in the venom can cause
pain, sickness, allergic reactions, and sometimes death to those who are very sensitive to bee
and other insect stings.
Eucheuma spinosum or tambalang is a red alga or "seaweed" found in Hawai‘i almost
exclusively in Kāne‘ohe Bay. It was introduced to Hawai‘i in the 1970's from the Philippines
where it is extensively cultivated for food and its high carrageenan content. Carrageenan is a
colloid gel that is an important industrial additive used as a stabilizer and emulsifier in dairy
and pharmaceutical products. It is commonly used in ice cream, chocolate milk, and
toothpaste. Tambalang was introduced to Hawaii to determine the feasibility of a similar
industry here. In 1976 fresh tambalang was made available in Honolulu markets but sales
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were poor. It has not been on the market since. Tambalang grows in large masses that can be
over 2 meters (6.6 ft.) high and several meters wide. It has thick round succulent stems with
"spines" and "branches". Color varies from clear olive green when fresh to rosy and even
purple when dried. Although the experimental growth plots in Kāne‘ohe Bay are now part of
a wildlife refuge, huge patches exist elsewhere in the Bay. Some people are concerned that its
continued presence in the Bay may interfere with native algae. Nicknamed "Ick-euma" by
many, it is considered a pest. Others consider it a delicacy and prized salad vegetable. Limu
pickers frequent KeAlohi Point to gather tambalang for pickling or use as a relish.
One of the most prominent yet odd organisms of Kāne‘ohe Bay is Opheodesoma
spectabilis, a giant, non-burrowing sea cucumber. It is endemic to Hawaii and occurs
abundantly and almost exclusively in Kāne‘ohe Bay. Berrill (1965) observed aggregations of
300-1,000 Opheodesoma in the vicinity of Coconut Island alone. Opheodesoma's appearance
includes variously patterned stripes and spots of orange, red, violet, and gray. Its retractable
tentacle crown has fifteen tentacles. Its body wall projects into five symmetrical rows of
"warts" which increase in number and size with body length. Embedded in its skin are
numerous plate and anchor ossicles or spicules which give it a "sticky" texture and serve to
attach the body to substratum. Opheodesoma can grow up to 1.5-1.8 m (5-6 ft.) long when
relaxed. Opheodesoma up to about one meter (3.3 ft.) long are found most often living in
association with masses of a brown alga, Sargassum where there is continual but slow water
movement. Opheodesoma is unable to withstand environmental extremes such as wave action,
freshwater dilutions, and exposure to sun and air. The Sargassum beds not only provide
protection from wave action and exposure to sunlight, but also collect a lot of detritus, thus
becoming a major source of food supply. Unlike other sea cucumbers, Opheodesoma lack
tube feet. Locomotion is achieved through a combination of tentacle movement and peristaltic
waves through the body. The flexible nature of the skin makes Opheodesoma one of the most
active sea cucumbers. Opheodesoma are less active during the day and most active in early
evening. They feed on detritus and algae by means of the tentacles. Broadcast spawning
begins in May and continues until mid to late September.
Kaneohe Bay is known for its growth of large masses of the green bubble alga Dictyosphaeria
cavernosa. This alga belongs to the Siphonocladales and is bright green in color. The
individual "bubbles" may reach 5 mm (.2 in.) or larger in diameter. As these bubbles
proliferate and grow, they form larger, hollow, spheres, hence the name "cavernosa". The
bubbles give this seaweed a firm, crisp texture that university students have "likened to
certain commercial breakfast foods" (Banner, 1973). Masses may grow as large as 2 m (6.6
ft.) long and 1 m (3.3 ft.) high and wide. It attaches only tenuously to the substrate and is
easily dislodged when not on a solid substrate such as coral. Banner (1973) noted a "cropped"
growth form in the middle and northern sections of Kāne‘ohe Bay. The difference was
attributed to grazing by fish, especially juvenile parrot fish. Other consumers of this alga may
include the garbage collector sea urchin (Tripneustes gratilla) although it does not crop the
alga to the same extent as do the fish. In the 1960's green bubble algae was observed growing
over portions of reef slopes in the central part of the bay. In areas it reached a biomass of 1
kg/m2 (.2 lb/ft2) (Goodin & Sanderson, 1977). Invasion rate of the "front" of the alga moving
into a head of living finger coral was measured as 2 cm (.8 in.) a month (Banner, 1973).
Coral invaded by the alga was observed to be considerably weakened at its base. As a result,
the still growing fingers of coral were frequently held in place only by the algal mat.
Disturbances, such as wave action, would cause the algal mat to rupture allowing the coral to
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fall either to the interior of the mat or down the reef slope where it was unable to grow. The
resulting hole would be grown over by the alga. In this way, an entire reef front would be
taken over by green bubble algae.
Historical and Cultural Importance:
Human Influences
Man's impact on Kāne‘ohe Bay is a result of practices and modifications made both in
the bay and on land. The first Hawaiians fished, built fishponds, and practiced agriculture
within the Kāne‘ohe Bay watershed. These practices had far less effect on the environment
than modern agriculture and urbanization.
Fisheries
Traditional Hawaiian Fisheries Management
The Hawaiians formed a very wise system of land division boundaries extending from
the mountains to the sea. This allowed residents of each ahupua‘a to enjoy the products of
both the land and the sea (mauka and makai). The Great Mahele declared the fisheries outside
of the reefs to be common property of everyone, yet still maintained the ahupua‘a boundaries
between the reefs and the land. The Hawaiian chiefs (Konohiki) were able to place a kapu on
any single variety of fish, and therefore, received the bounty of that particular fish caught by
any fisherman (Devaney et al, 1976). The other alternative was that the Konohiki prohibited
all fishing on their fisheries during certain months of the year, and declared as their property
one-third of all fish taken on their private fishing grounds during the fishing season.
The laws became more complex until 1851 when all fishery rights (except for the
fishponds) opened to all the people. By June 14, 1990, the Organic Act opened the remaining
fisheries to everyone, with a repeal on all laws that conferred fishing rights on any one person.
Certain individuals, however, were able to gain exclusive rights by filing a petition to circuit
court stating their claims.
Traditional Hawaiian Fishing Techniques
Traditional Hawaiian fishing techniques included spearing, trapping, netting, and hook
and line fishing. One technique of catching fish was to feed the fish two or three times a week
to ensure they remain in the area. When they were ready to catch the fish, the fishermen
prepared special food of seaweed mixed with crushed kukui nuts (candlenut), a powerful
laxative. Fish that ate this mixture expelled all the food matter in their intestines. Two days
later the fish were so hungry fishermen had no problem netting or hooking them.
Traditional Hawaiian fishermen also built many fishing shrines. Several have been
recognized from Mōkapu to Kahalu‘u and also out on Kapapa Island. The extension of
ahupua‘a and ili boundaries out to the reef edge to show discrete fishery areas as well as
numerous fishing legends (Devaney et.al. 1976) also attested to the importance of the sea and
fishing to the Hawaiians.
Hawaiians also obtained fish through use of walled or kuapa fishponds. These
provided a regular source of food whereas shoreline fishing, susceptible to the vagaries of
weather and surf, sometimes yielded an insufficient supply. Mullet and awa or milkfish were
the most common species raised. These are key species in the food chain in that they directly
consume algae and detritus. This shortens the food chain making protein production more
efficient by as much as 10,000% (Devaney et.al., 1976).
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The chiefs or konohiki planned and supervised construction of the fishponds.
Construction required the labor of more than 10,000 men. Fish harvested from the ponds were
first given to the chiefs and fishermen and the rest divided among the community.
After Western private property and landownership concepts were introduced,
fishponds were declared to be part of the ahupua‘a to which they were attached. In 1848, they
were claimed by the king, the government, and a few powerful chiefs. With the advent of
commercial agriculture in Hawai‘i, landowners ceased to have much interest in the ponds.
Many of them fell into disrepair and the practice of this early type of aquaculture ceased.
Agriculture
Ancient Hawaiian agriculture had a limited impact on the environment of
Kāne‘ohe Bay. Uplands cultivation involved using a stick (o‘o) to poke a hole for each
plant. This would have caused much less erosion than modern plowing techniques.
Wetland cultivation involved the construction of irrigation ditches and terracing. This
altered surface water flow. The nutrient enriched stream water was frequently diverted
into fishponds to promote algae production as fish food.
The introduction of non-Hawaiian agricultural techniques during the midnineteenth century began a period of rapid change on the nearshore areas of Kāne‘ohe
Bay. Great networks of irrigation ditches were constructed. Land was plowed, flooded,
and compressed by farm animals to increase water holding capacity (Devaney et al.,
1976). Herds of cattle, horses, and goats caused extensive deforestation in the
watershed. This all compounded to cause extensive erosion.
Eroded soils were deposited in the bay. This caused shoaling of the bay floor
and impacted shoreline habitats, and possibly impacted coral reef assemblages in
various parts of the bay. Siltation had the direct affect of smothering coral and other
types of sedentary plants and animals. In addition, the reduced water clarity had an
impact on corals, algae, and other organisms that require sunlight for survival.
Fishponds
Fishponds were considered to be a part of the land (agriculture) by early
Hawaiians, though we now think of them as aquaculture. The ponds were constructed
in sheltered areas and the walls, made from basalt and coral, were usually built out from
the shoreline to enclose shallow bodies of water of various sizes. Mullet (a‘ama) and
milk fish (‘awa) were the most important fishes cultured.
Kāne‘ohe Bay's sheltered conditions and freshwater streams made it ideal for
fishponds. There were at least 30 ponds in the bay (Devaney et al., 1976), though they
gradually fell into disuse or were filled in. By 1901, only 16 ponds were in commercial
use in Kāne‘ohe Bay, perhaps half of what were in use thirty years earlier (Cobb,
1902). Devaney et al. (1976) found only 12 recognizable fishponds remaining in
Kāne‘ohe Bay.
The number of fishponds built on the fringing reef of Kāne‘ohe Bay would have
had some effect on nearshore circulation. This would have altered sedimentation
patterns to some degree and had an effect on nearshore habitats. Overall, the changes
would have been less than the much more extensive system of shoreline walls and
revetments that were built in the 20th century.
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Introduced species
Mangrove trees were introduced into Hawai‘i in 1921 in an attempt to control
erosion. Several species were introduced at different times, but the one that thrived was
the red mangrove from Florida. Mangroves continue to spread in Kāne‘ohe Bay, with
their best development in He‘eia Stream. Mangroves change the environment as they
develop into forests. Their highly developed prop roots are effective sediment traps and
cause the deposition of fine materials around the trees. By developing in shallow
shoreline areas and depositing sediment, they can effectively build a new shoreline and
outcompete native shoreline trees and plants. It is likely that the forest at He‘eia Stream
traps some of the sediments eroded from the adjacent watershed that would have
washed into Kāne‘ohe Bay, but no attempt has been made to measure the volume of
sediment trapped. Mangroves rapidly colonize the walls of ancient Hawaiian
fishponds. This has a negative financial impact on the few operational ponds and,
perhaps more important, causes the degradation of non-utilized ponds that are not kept
free of the trees. These important archaeological structures, which have existed for
hundreds of years, are now being rapidly degraded by trees that were introduced less
than 70 years ago.
Scientific Importance and Research Potential:
Kāne‘ohe Bay is the most extensively studied embayment in the State of Hawai‘i.
Kāne‘ohe Bay is located in close proximity to the University of Hawai‘i’s Windward campus.
The University of Hawai‘i’s Hawai‘i Institute of Marine Biology is centrally located within
the bay on Moku o lo‘e (Coconut Island). Extensive research on both a local and global scale
are conducted in marine laboratories there by professors, graduate students and visiting
faculty from institutions of higher learning worldwide.
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Anotated Bibliography
Booth, David J n.d.. Adaptive significance of group living by juvenile domino damselfish
(Dascyllus albisella)
Comments: A field study of the life histories of juvenile Dascyllus albisella is being
conducted to determine whether individuals belonging to large groups enjoy higher growth
rates and survivorship. All colonies on three patch reefs in Kaneohe Bay are regularly
censussed and fish marked for individual identification are measured at intervals to determine
growth rates. Individuals have been moved between groups of different sizes (reciprocal
groups) and artificially constructed groups of juveniles have been introduced to empty coral
heads to further determine any effects of group size and growth. Settlement of recruits are
monitored in relation to group size preferences.
Brostoff, William N n.d.. Seaweed productivity and community structure: The role of
micrograzers Unpublished
Clarke, Thomas A n.d.. Distribution and abundance of the eggs of nehu, Everasieholina
parpureus, in Kaneohe Bay 1984-1988 Current
Comments: Vertical plankton samples are taken at 13-16 stations at weekly ((1984-1986) or
biweekly (1986-1988) intervals. Ichthyoplankton (nehu eggs and larvae, other fish eggs and
larvae) are counted from samples.
Fan, Pow-Foong ; Young, Kwan L n.d.. The Chemical, Minerological, and Age Characteristics
of Kaneohe Bay Sediments, Oahu, Hawaii: Part II. Heavy Metas of Sediments from Kaneohe
Bay, and Grain Size and Morphology of Sediment Samples from Kaneohe Bay Water Quality
Monitoring Survey Us Army Corps Of Engineers Unpublished Report
Comments: This study investigated the distribution of heavy metals (Hg. Cu, Cd, Pd and Zn)
in Kaneohe Bay, in sediments and rocks and soils of the bay and drainage basin.
Fitzhardinge, Rachel ; Tyler, William A n.d.. A localized disturbance on a Hawaiian coral patch
reef: algal smothering.
Comments: In November, 1987, strong winds blew drift macroalgae, primarily Padina
australis, onto the lower reef flat, crest and upper reef slope of a fringing reef on the leeward
side of Coconut Island. Algae completely or partially covered up to 90% of the coral in a 90
m stretch of reef. Partial mortality was noted between the predominant species of coral,
Montipora verrucosa and Porites compressa, with Montipora suffering a greater degree of
mortality. Field manipulations were conducted to determine if the differential mortality was
due to differences in coral morphology and size. 10-1/4 sq. m. plots with approximately
50/50% cover of the 2 species were caged. To 5 of these cages we placed 30 cm of Padina,
the remainder were used as controls. 2 additional cages with algae were monitored for DO
and coral mortality. After 1 week, algae was removed with evidence of coral mortality.
Montipora suffered greater mortality, however Porites exhibited initial bleaching, much of the
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tissue regenerated. Differential mortality was not accounted for by species differences in
colony area, height or morphology.
Ford, John I n.d.. Part II: Kaneohe-Keapuka Stream Survey and Flood Control Reservoir
Morphology Us Army Corps Of Engineers Unpublished Report
Comments: This research project examined the biocoenosis and ecology of the KaneoheKeapuka area stream system in order to predict the environmental impact of a proposed
earthen dam and flood control reservoir to be situated in the center of the stream system. The
stream system is comprised of a main exorheic stream and six major tributaries which drain
an area of approximately 1,522 hectares.
Hollett, K J; Moberly, R n.d.. The Chemical, Mineralological, and Age Characteristics of
Kaneohe Bay Sediments, Oahu, Hawaii: Part 1. Shoaling of Past 49 Years on Bathymetric,
Geophysical, Dredging, and Spoil-Dumping Studies Us Army Corps Of Engineers
Unpublished Report
Comments: This study includes a description of the physical, minerological and chemical
characteristics of the Kaneohe Bay sediments as a means of verifying the infilling rate and its
link to escalated urbanization on shore. Information of past studies, in addition to newer
sedimentological, bathymetric and geophysical data are the basis of the description and
interpretation.
Jokiel, P. L.; Maragos, J. E.; Franzisket, L. n.d.. Coral growth: buoyant weight technique Coral
Reefs: Res. Meth.; Monographs On Ocean. Meth., D.R. Johannes (Ed) Unesco 5: 529-541 Call Number: UH MANOA QE565 .C68
Comments: This technique involves weighing the living coral while it is suspended in a
buoyant medium of sea water. The authors have found this to be an attractive technique fpr
the measurement of coral skeletal growth for the following reasons: 1. The technique is a
direct physical measurement of aragonite. It is insensitive to factors such as the amount of
water contained in the porous skeleton, amount of tissue and mucus present and biomass of
commensal organisms on and within the skeleton. 2. Specimens are not removed from the
water or damaged in any way by the procedure, allowing repeated growth determinations on
the same specimen. 3. Sensitivity of the method can be refined to detect changes in mass over
short time intervals (as little as 12 hours). 4. The method is inexpensive, rapid and easy to use;
applicable to laboratory and remote field situations alike; and suitable for any shape of coral.
Kay, E A n.d.. Micromolluscan Assemblages in Kaneohe Bay: Final Report for the US Army
Engineers Us Army Corps Of Engineers Unpublished Report
Comments: The purpose of this study is to provide a report on the characteristics and
distribution of the micromolluscan fauna of K-Bay which will serve to characterize their
potential use as biological indicators of water quality. The scope of this work includes the
collection of sediment samples at sites within K- Bay representing stations from stream
mouths, fringing reefs, patch reefs, the barrier reef, and bay bottom, as well as control sites
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outside the bay; the analysis of samples for species composition, standing crop, species
diversity and trophic structure; and a study of the biology and life history of some of the more
commonly occurring species.
Newbury, T K; Bartholomew, Edwin F n.d.. Secondary Production of Microcopepods in
Southern Kaneohe Bay: A Subtropical, Eutropic Estuary Us Army Corps Of Engineers
Unpublished Report
Comments: The microcopepods function as an important herbivore group in the planktonic
community of the southern, sewage-rich portion of Kaneohe Bay. Most of the microcopepod
biomass was composed of a rapidly producing species of Paracalanidae. This population
production rate was calculated with the field population stage compostition, the leng:dry
weight relationship, and the species' development rate in laboratory and in situ contatiners.
Sansone, Francis J; Tribble, Gordon W n.d.. Anaerobic diagensis: A common process in
lithified marine carbonates Submitted
Comments: Porewaters from a variety of Recent, Pleistocene, and Eocene lithified marine
carbonate framewords displayed similar conditions of dissolved oxygen, elevated levels of
dissolved methane, and near-seawater sulfate levels. These porewaters also had low pH values
(7.5-7.7), and contained elevated concentrations of sulfide (5-10 um), dissloved inorganic
carbon (2.05-2.45 mM), and inorganic nutrients. We conclude that anaerobic diagenesis
involving bacterial degradation of organic matter is a common process in lithified marine
carbonates, and may be an important controlling their carbonate geochemistry.
Smith, Reginald J n.d.. Alarm signals in the goby Asteropterxy semipunctatus
Comments: This study is an examination of alarm signalling in the benthic goby Asteropteryx
semipunctatus. Fish are collected with plastic bags by divers and observed in aquaria. Field
observations are planned in the future at locations where collecting has not been carried out.
In the lab, gobies are exposed to conspecific skin extracts and various other chemical stimuli,
including "lizard fish water". Incidental observations on spawning and parental care are also
being carried out.
Stanton, Frank G n.d.. Longevity and site tenacity in Abudefduf .
Comments: Observations of spawning and nesting of recognizable individuals and marked
nest sites over the length of the study.
Stanton, Frank G n.d.. Temporal patterns of spawning in the demersal brooding Hawaiian
Sergeant Major, Abudefduf abdominalis.
Comments: Spawning and parental care have been followed throughout this study to
determine the presence of temporal and spatial patterns in reproductive activity. Three sites
around Coconut Island (the Point, Ski Point and the Lighthouse) are observed for spawning
and nesting activity in this species.
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Stanton, Frank G n.d.. The effect of supplemental feeding on spawning in a field population of
Maomao, Abudefduf abdominalis Unpublished
Comments: Commercial fish food was provided to 2 colonies of maomao to test the
hypothesis that supplemental feeding would induce spawning in a non-breeding colony.
Samples of liver, gut, gonad and muscle tissues from fish collected before and after the
treatment indicated that the experimental group accumulated more lipids than a control
population that was not fed supplemental fish food. Spawning was not induced during the six
week period of supplemental feeding but when spawning began 3 weeks after the feeding
ended the experimental colony had more clutches than did the control colony.
Tribble, Gordon W; Sansone, Francis J.; Smith, Stephen V.; Andrews, Christine
A n.d.. Stoichiometric modeling of anaerobic diagenesis within a coral reef
framework Unpublished
Comments: Water was extracted from the internal frameword of a coral reef using specially
designed well points. A stochiometric model consistan with geochemistry of reefs is
dominated by oxidation of organic material, presumable as a result of microbial activity. Oxic
respiration resulted in rapid oxygen depletion; this was followed by sufate reduction and
methanogenis. Localized sites of both carbonate dissolution and precipitation were noted. An
analysis of inorganic nutrient ratios suggests the source of the organic material undergoing
oxidation was particulate material entrained into the reef frameword as water flowed through
the structure.
Smith, JE; Smith, CM; Hunter, CL 2001. An experimental analysis of the effects of herbivory
and nutrient enrichment on benthic community dynamics on a Hawaiian reef Coral reefs.
Heidelberg etc. [Coral Reefs], vol. 19, no. 4, pp.332-342, 2001 - Call Number: UH MANOA
QE565 .C68
Abstract: Reduced herbivory and enhanced nutrient concentrations have both been suggested
as probable mechanisms driving phase shifts from coral to algal dominance on tropical reefs.
While there is considerable information regarding the effects of herbivores on reefs, there is
little experimental evidence of nutrient effects or the interactive effects of both of these
factors. This study experimentally tested the role of these factors on benthic community
structure on a coral-dominated reef in Hawaii. A randomized factorial block design was used
to simultaneously investigate the effects of nutrient enrichment and herbivore exclusion on
the development of benthic algal communities on artificial surfaces over a 6-month time
period. Total algal biomass was greatest on settlement surfaces exposed to both nutrient
enrichment and herbivore exclusion simultaneously. Fleshy algal biomass was greatest on
surfaces removed from grazing whereas calcareous biomass was greatest on surfaces exposed
to nutrient enrichment. Control surfaces exhibited consistently less total, fleshy and
calcareous algal biomass than that on any of the experimental surfaces. Microinvertebrates
were most abundant on surfaces within herbivore exclusion treatments but increased in
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number on all settlement surfaces over time. Sediment accumulation was positively correlated
with fleshy algal biomass and was most abundant on surfaces within herbivore exclusion
treatments; there was no pattern in sediment accumulation over time. This research
demonstrates that on short time scales (less than 6 months), nutrient enrichment and herbivore
exclusion can independently and interactively support shifts in benthic algal community
structure on a Hawaiian reef. Dictyosphaeria cavernosa has overgrown and displaced corals
on reef slopes and outer reef flats in Kaneohe Bay, Oahu. This shift in reef community
composition is generally attributed to nutrient enrichment resulting from sewage discharge.
Following the diversion of most of the sewage effluent in 1977-1978, it was expected that D.
cavernosa growth would become nutrient-limited and its abundance would consequently
decline, but the alga remains abundant in much of the bay. One explanation for its persistence
is that nutrients are once again high enough to support the alga's growth. An alternative
explanation is that there has been a reduction in grazing intensity in the bay. In this study we
resurveyed the distribution and abundance of D. cavernosa at 120 reef slope sites originally
surveyed in 1969. We conducted additional surveys to estimate the biomass of herbivores and
the areal coverage of D. cavernosa and other macroalgae on reef slopes
Stimson, J; Larned, ST; Conklin, E 2001. Effects of herbivory, nutrient levels, and introduced
algae on the distribution and abundance of the invasive macroalga Dictyospaeria cavernosa in
Kanehoe Bay, Hawaii. Coral reefs. Heidelberg etc. [Coral Reefs], vol. 19, no. 4, pp.343-357,
2001 - Call Number: UH MANOA QE565 .C68
Abstract: Since the 1960s, and possibly earlier, the macroalga, Dictyosphaeria cavernosa has
overgrown and displaced corals on reef slopes and outer reef flats in Kaneohe Bay, Oahu.
This shift in reef community composition is generally attributed to nutrient enrichment
resulting from sewage discharge. Following the diversion of most of the sewage effluent in
1977-1978, it was expected that D. cavernosa growth would become nutrient-limited and its
abundance would consequently decline, but the alga remains abundant in much of the bay.
One explanation for its persistence is that nutrients are once again high enough to support the
alga's growth. An alternative explanation is that there has been a reduction in grazing intensity
in the bay. In this study we resurveyed the distribution and abundance of D. cavernosa at 120
reef slope sites originally surveyed in 1969. We conducted additional surveys to estimate the
biomass of herbivores and the areal coverage of D. cavernosa and other macroalgae on reef
slopes and flats. Field experiments were used to determine spatial and temporal patterns of
grazing intensity on and growth rates of D. cavernosa and the introduced macroalga
Acanthophora spicifera. Laboratory experiments were used to examine preferences among
herbivores for some of the most abundant macroalgae on Kaneohe Bay reefs. Twenty years
after sewage diversion, D. cavernosa cover on reef slopes has decreased substantially in
southern Kaneohe Bay, the site of most of the historical sewage discharge. D. cavernosa
cover has changed less in other regions, remaining high in the central bay and low in the north
bay. D. cavernosa thalli protected by grazer exclusion cages sustained positive growth rates
on reef slopes and flats throughout the bay. Reduced nutrient concentrations may have caused
a reduction in D. cavernosa growth rates, and a consequent reduction in D. cavernosa
abundance in the south bay shortly after sewage diversion. Measurements of grazing intensity
and surveys of herbivorous fish abundance suggest that the continued abundance of D.
cavernosa is the result of a reduction in grazing intensity. Reduced grazing intensity on D.
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cavernosa may in turn be the result of an historical reduction in herbivore biomass or the
establishment of several introduced macroalgae on reef flats. The introduced species are
preferred by herbivorous fishes over D. cavernosa, as indicated by preference tests. The
hypothesis that reduced grazing pressure on D. cavernosa is related to the establishment of
introduced species is supported by the observation that D. cavernosa cover is highest on reef
slopes where the cover of preferred introduced macroalgae on the adjacent outer reef flat is
also high. Conversely, D. cavernosa cover is low or zero on reef slopes where the cover of
introduced macroalgae on the adjacent reef flat is low or zero.
Cheroske, AG; Williams, SL; Carpenter, RC 2000. Effects of physical and biological
disturbances on algal turfs in Kaneohe Bay, Hawaii Journal of Experimental Marine Biology
and Ecology [J. Exp. Mar. Biol. Ecol.], vol. 248, no. 1, pp. 1-34, 18 May 2000 - Call
Number: UH MANOA QH91.A1 J68
Abstract: Disturbance in coral reef environments commonly results in an algal community
dominated by highly productive, small filamentous forms and cyanobacteria, collectively
known as algal turf. Research on the types of disturbance responsible for this community
structure has concentrated mainly on biological disturbance in the form of grazing, although
physical and other forms of biological disturbances may be important in many coral reef
areas. On the reef flat in Kaneohe Bay, Oahu, Hawaii, algal turfs grow primarily upon coral
rubble that tumbles with passing swells. We manipulated the frequency of rubble tumbling in
field experiments to mimic the effects of physical disturbance by abrasion and light reduction
on algal biomass, canopy height, and community structure. Treatments approximated a
gradient of disturbance intensities and durations that occur on the reef flat. Although sea
urchins and herbivorous fishes are not widespread and abundant on the reef flat, biological
disturbances to algal turf communities in the form of herbivory by small crabs and abrasion
by tough macroalgae contributed significantly to the variation in algal turf biomass. Within all
experiments increasing disturbance significantly reduced algal biomass and canopy heights
and the community structure shifted to more disturbance-tolerant algal forms. This study
shows that the chronic physical disturbances from water motion and biological disturbances
other than grazing from large herbivores can control algal communities in coral reef
environments.
Hawaii Sea Grant 2000. Proceedings of the 2nd annual undergraduate research program -summer 1998. HAWAU-W-98-001; UNIHI-SG-MR-98-02, , 2000, 83 pp
Abstract: Five undergraduate research projects were undertaken during the summer of 1998.
Projects, reported here, were selected to study the optimal salinity, light intensity and
incubation period for astanxanthin production in the green alga Haematoccus pluvialis,
fishing and non-fishing activities in the Waikiki Marine Life Reserve, a restoration project
transplanting black coral, and the population of Octopus cyanea in Kaneohe Bay. Chapters
include: The effect of light on Haematococcus pluvialis and the production of astanxanthin.
Gary K. Francisco pp. 1-22. The types, distribution, and intensity of fishing and nonfishing
activities within the Waikiki Marine Life Conservation District and Waikiki-Diamond Head
Shoreline Fisheries Management Area. Yhazi Graham and Sabrina Clark pp. 23-36.
Transplanting black coral as a restoration project. Anthony Montgomery pp. 37-47.
population density of Octopus cyanea in Kaneohe Bay. Michele A. Sims pp. 49- 61.
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Determination of the optimal salinity for astaxanthin synthesis in the unicellular green alga,
Haematococcus pluvialis. William Young pp. 63-83.
Hochberg, EJ; Atkinson, MJ 2000. Spectral discrimination of coral reef benthic
communities Coral reefs. Heidelberg etc. [Coral Reefs], vol. 19, no. 2, pp. 164-171, 2000 Call Number: UH MANOA QE565 .C68
Abstract: Effective identification and mapping of coral reef benthic communities using highspatial and -spectral resolution digital imaging spectrometry requires that the different
communities are distinguishable by their spectral reflectance characteristics. In Kaneohe Bay,
Oahu, Hawaii, USA, we collected in situ a total of 247 spectral reflectances of three coral
species (Montipora capitata, Porites compressa, Porites lobata), five algal specie
s(Dictyosphaeria cavernosa, Gracilaria salicornia, Halimeda sp., Porolithon sp., Sargassum
echinocarpum) and three sand benthic communities (fine-grained carbonate sand, sand mixed
with coral rubble, coral rubble). Major reflectance features were identified by peaks in fourth
derivative reflectance spectra of coral (at 573, 604, 652, 675 nm), algae (at 556, 601, 649 nm)
and sand (at 416, 448, 485, 652, 696 nm). Stepwise awvelength selection and linear
discriminant function analysis revealed that spectral separation of the communities is possible
with as few as four non-contiguous wavebands. These linear discriminant functions were
applied to an airborne hyperspectral image of a patch reef in Kaneohe Bay. The results
demonstrate the ability of spectral reflectance characteristics, determined in situ, to
discriminate the three basic benthic community types: coral, algae and sand.
Lu, Y; Yu, Q; Zamzow, JP; Wang, Y; Losey, GS; Balazs, GH; Nerurkar, VR; Yanagihara,
R 2000. Detection of Green Turtle Herpesviral Sequence in Saddleback Wrasse Thalassoma
duperrey: A Possible Mode of Transmission of Green Turtle Fibropapilloma Journal of
Aquatic Animal Health [J. Aquat. Anim. Health], vol. 12, no. 1, pp. 58-63, Mar 2000
Abstract: Samples of DNA were prepared from various tissues and organs (including snout,
gill, eye, brain, heart, liver, gut content, intestine, swim bladder, spleen, gall-bladder, spinal
cord, gonad, and muscle) of six healthy appearing reef cleaner fish, saddleback wrasses
Thalassoma duperrey, captured from a cleaning station in North Kaneohe Bay, Oahu, Hawaii.
The DNA samples were tested for evidence of green turtle herpesvirus infection by nested
polymerase chain reaction (PCR). Green turtle herpesviral sequences were detected in snout
(3/6), gill (2/6), and liver (1/6). All other tissues were negative. Except for a single nucleotide
substitution (from A to G at position 48, resulting in a single amino acid change from
isoleucine to methionine at position 16), the DNA sequences detected in the fish were
identical to that of a newly reported green turtle herpes virus. Although preliminary, these
data represent the first evidence for an association of a herpes virus with saddleback wrasse,
suggesting that cleaner fish may serve as vectors or carriers for the transmission of the agent
causing green turtle fibropapilloma.
Meyer, CG; Holland, KN; Wetherbee, BM; Lowe, CG 2000. Movement patterns, habitat
utilization, home range size and site fidelity of whitesaddle goatfish, Parupeneus porphyreus,
in a marine reserve Environmental Biology of Fishes [Environ. Biol. Fish.], vol. 59, no. 3,
pp. 235-242, 2000 - Call Number: UH MANOA QL614 .E5
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Abstract: Suitability of small (< 1 km super(2)) marine reserves for protecting a
commercially important endemic Hawaiian goatfish, Parupeneus porphyreus, was examined
by quantifying goatfish habitat use, home range size and site fidelity in an existing marine
reserve (Coconut Island in Kaneohe Bay, Hawaii). Five goatfish equipped with acoustic
transmitters were tracked for up to 93 h each over 3-14 days. Daytime habitat use patterns of
two of these fish were continuously monitored for one month using a fixed hydrophone
hardwired to an onshore computer. Acoustically tagged fish showed consistent diel patterns of
behavior, refuging in holes in the reef by day and moving over extensive areas of sand and
coral rubble habitat at night. Remote monitoring of daytime habitat use by two goatfish
revealed that the same daytime refuge was used by both fish for at least one month (the
battery life of the transmitters). Home ranges of all fish were within the boundaries of the
Coconut Island reserve suggesting that even small areas containing suitable habitat can make
effective reserves for this species. A relatively low abundance of reproductive size P.
porphyreus at Coconut Island in comparison with deeper areas may indicate an ontogenetic
shift to deeper habitat in this species.
Rodgers, Ku’ulei S., Neil A. Sims, Dale J. Sarver, and Evelyn F. Cox 2000. Distribution,
Recruitment, and Growth of the Black-Lip Pearl Oyster, Pinctada margaritifera, in Kaneohe
Bay, Oahu, Hawaii Pacific Science, 54(1), pp. 31-38 - Call Number: UH MANOA QH1
.P33
Abstract: Stocks of Hawaiian black-lip pearl oysters, Pinctada margaritifera (Linnaeus,
1758), appear to have been depleted by overfishing and environmental degradation.
Permanent survey transect sites were set up in Kane`ohe Bay in 1989 to monitor changes in
the status of stocks. Only 17 pearl oysters were found in 1989. Transects were resurveyed in
1997, and 22 pearl oysters were counted. Most were found on the slopes of patch reefs around
the Sampan Channel in 2-6 m depth. Recruitment is low. Standing stock estimated from
observed densities on transects in 1997 and the extent of available habitat is about 950
individuals. The size distribution of pearl oysters on transects indicates that they are fished,
despite legal protection. Growth of Pinctada margaritifera in Kane`ohe Bay is comparable
with that in other locations. The prospects for commercial culture of black pearls in Kane`ohe
Bay are limited by environmental constraints and the heavy recreational use of the bay.
Spencer, K; Shafer, DJ; Gauldie, RW; DeCarlo, EH 2000. Stable lead isotope ratios from
distinct anthropogenic sources in fish otoliths: A potential nursery ground stock
marker Comparative Biochemistry and Physiology, A [Comp. Biochem. Physiol., A], vol.
127, no. 3, pp. 273-284, Nov 2000 - Call Number: UH MANOA QH301 .C63
Abstract: Variations measured in the lead (Pb) stable isotope ratios in otoliths of juvenile
tropical reef fish Scarus perspiculatus, Abudefduf abdominalis and Dascyllus albisella reflect
mixing of anthropogenic lead from the Kaneohe Bay watershed and 'background' lead
characteristic of the adjacent ocean. The otoliths and water samples collected in a transect
across the bay demonstrated nearly identical Pb isotopic trends. The Pb isotopic composition
of the watershed has a low super(206)Pb/ super(204)Pb signature primarily reflecting past
combustion of tetra-ethyl Pb additive in fuels. Ocean water not contaminated by this
watershed signature has a different, high super(206)Pb/ super(204)Pb isotopic composition,
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similar to previously measured Asian anthropogenic aerosols and natural eolian dusts, where
the anthropogenic signal dominates. Where a history of past anthropogenic Pb contamination
exists, it may be possible to use the ratios of Pb stable isotopes in fish otoliths to reconstruct
the nursery grounds of fish.
Stimson, J; Larned, ST 2000. Nitrogen efflux from the sediments of a subtropical bay and the
potential contribution to macroalgal nutrient requirements Journal of Experimental Marine
Biology and Ecology [J. Exp. Mar. Biol. Ecol.], vol. 252, no. 2, pp. 159-180, 30 Sep 2000 Call Number: UH MANOA QH91.A1 J68
Abstract: The concentration of dissolved inorganic nitrogen (DIN) in the porewaters of
shallow-water tropical marine sediments can be as high as 50-100 mu M, at sediment depths
of shallow as 20 cm. These concentrations are at least two-orders of magnitude greater than
the DIN concentration in the overlying water. High porewater concentrations, and the
resulting concentration gradient, result in substantial efflux of DIN from the sediments to the
water column. This sediment-derived DIN may be an important nutrient source for benthic
algae. In Kaneohe Bay, Hawaii, a mean ammonium efflux rate of 490 mu mol m super(-2)
day super(-1) and a mean nitrate + nitrite efflux rate of 123 mu mol m super(-2) day super(-1)
were measured on reef slopes in the habitat occupied by benthic algae. It has been
demonstrated that this nutrient source is essential for the growth of at least one abundant alga,
Dictyosphaeria cavernosa, and possibly others. The DIN concentrations in Kaneohe Bay
sediment porewaters, and the rates of DIN efflux from those sediments, are greater than
porewater concentrations and efflux rates reported for other, more pristine tropical sites. The
rate of sedimentation of particulate nitrogen is similar to rates reported from other tropical
lagoons, and about twice as high as the efflux rate of total dissolved nitrogen. Given the
present low nutrient concentrations in the water column of the Bay, these results support the
view that nutrient efflux from the benthos is in part responsible for the persistence of D.
cavernosa on these reefs. It is possible that efflux of DIN from sediments may be responsible
for sustained benthic algal productivity in similar habitats on other tropical reefs.
Thomas, SD; Li, QX 2000. Immunoaffinity Chromatography for Analysis of Polycyclic
Aromatic Hydrocarbons in Corals Environmental Science & Technology [Environ. Sci.
Technol.], vol. 34, no. 12, pp. 2649-2654, 15 Jun 2000 - Call Number: UH MANOA TD180
.E5
Abstract: A hybrid analytical procedure, consisting of supercritical fluid extraction (SFE)
with CO sub(2) followed by immunoaffinity columns (IAC) cleanup, was developed for the
analysis of benzo[a] pyrene (B[a]P) and other polycyclic aromatic hydrocarbons (PAHs) in
coral (Porites). Samples prepared with this protocol can be used for both enzyme linked
immunosorbent assay and gas chromatography-mass spectrometry (GC-MS). The AC
removed numerous interfering compounds from the SFE extracts, improved resolution by
GC-MS, and lowered the detection limit of the PAHs to less than 25 ng/g in coral. The IAC
columns could be regenerated as many as seven times. The SFE extracts were fortified with a
B[a]P internal standard before IAC and analyzed by ELISA and GC-MS. Recovery of B[a]P
standards averaged 94-96%, with a standard deviation of 7-14%, in three consecutive uses of
three different columns. Recovery of B[a]P from fortified coral samples averaged 76%.
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Kaneohe Bay and Trig Island are locations with very different coastal uses and pollution
histories. PAHs identified in these samples included fluorene, phenanthrene, anthracene,
fluoranthene, pyrene, chrysene, triphenylene, benzo[e]pyrene, and B[a]P. The Kaneohe Bay
coral had about a 5-fold higher amount of PAHs than the samples from Trig Island.
Greenfield, DW; Randall, JE 1999. Two New Eviota Species from the Hawaiian Islands
(Teleostei:Gobiidae) Copeia, no. 2, pp. 439-446, 7 May 1999 - Call Number: UH MANOA
QL1 .C65
Abstract: Eviota epiphanes has been the only Eviota species known from the Hawaiian
Islands, but two additional undescribed species have been discovered. Eviota susanae n. sp. is
described from shallow, sheltered habitats within Kaneohe Bay, Oahu, and Eviota rubra n.sp.
from deeper spur and groove or ledge habitats outside Kaneohe Bay. Both species share a
possible synapomorphy, rugose genital papillae in both males and females. Both species also
differ from E. epiphanes by having a short, unbranched fifth ray on the pelvic fins and the
absence of the IT pore.
S. Kuulei Rodgers and Evelyn F. Cox 1999. Rate of Spread of Introduced Rhodophytes
Kappaphycus alvarezii, Kappaphycus striatum, and Gracilaria salicornia and Their Current
Distributions in Kaneohe Bay, Oahu, Hawaii Pacific Science, 53(3), pp. 232-241 - Call
Number: UH MANOA QH1 .P33
Abstract: Spread of the introduced macroalgae Kappaphycus alvarezii (Doty), Kappaphycus
striatum Schmitz, and Gracilaria salicornia C. Ag. was measured on reefs in Kane'ohe Bay,
O'ahu, Hawai'i. The red algae Kappaphycus alvarezii and Gracilaria salicornia were
introduced to specific sites in Kane'ohe Bay in the 1970s. Since that time their distributions
have increased, and the algae have spread through the bay. To assess the current extent of
these algae in the bay and determine their rate of spread, we performed surveys with a manta
towboard. In addition, abundance of these species was determined by detailed reef transects in
the central bay in three habitats: barrier reef, patch reef, and fringing reef. All three species
have become well established. These algae were found in all areas of Kane'ohe Bay.
Distributions are not uniform within the central bay. Abundance of Kappaphycus spp. was
highest on patch reefs in shallow water. Gracilaria salicornia was most abundant on the
fringing reef. Kappaphycus alvarezii and K. striatum have spread 6 km from their points of
introduction in 1974, an average rate of spread of approximately 250 m/yr. Gracilaria
salicornia has spread over 5 km since its introduction in 1978, an average rate of spread of
approximately 280 m/yr. High abundance of these introduced species appears to be associated
with moderate water motion.
Aeby, GS 1998. A digenean metacercaria from the reef coral, Porites compressa,
experimentally identified as Podocotyloides stenometra Journal of Parasitology [J. Parasitol.],
vol. 84, no. 6, pp.1259-1261, Dec 1998 - Call Number: UH MANOA QH547.A1 J826
Abstract: Feeding Porites compressa infected with a digenean metacercaria to the coralfeeding butterfly fish, Chaetodon multicinctus, established that the metacercaria was
Podocotyloides stenometra. Those and field examinations finding a prevalence of 100% and
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an average intensity of infection of 6.5 worms/fish in 28 C. multicinctus off Kaneohe Bay,
Oahu, Hawaii, established this fishes a definitive host. Plagioporus sp. of Cheng and Wong,
1974 is a synonym of P. stenometra.
Au, Whitlow W L ; Banks Kiara 1998. The acoustics of the snapping shrimp Synalpheus
parneomeris in Kaneohe Bay Journal Of The Acoustical Society Of America. Jan., 1998; 103
(1) 41-47 - Call Number: UH MANOA QC221 .A4
Abstract: Snapping shrimp are among the major sources of biological noise in shallow bays,
harbors, and inlets, in temperate and tropical waters. Snapping shrimp sounds can severely
limit the use of underwater acoustics by humans and may also interfere with the transmission
and reception of sounds by other animals such as dolphins, whales, and pinnipeds. The shrimp
produce sounds by rapidly closing one of their frontal chela (claws), snapping the ends
together to generate a loud click. The acoustics of the species Synalpheus paraneomeris was
studied by measuring the sound produced by individual shrimp housed in a small cage located
1 m from an H-52 broadband hydrophone. Ten clicks from 40 specimens were digitized at a
1-MHz sample rate and the data stored on computer disk. A low-frequency precursor
signature was observed; this previously unreported signature may be associated with a
"plunger" structure which directs a jet of water forward of the claw during a snap. The peakto-peak sound pressure level and energy flux density at 1 m (source level and source energy
flux density) varied linearly with claw size and body length. Peak-to-peak source levels varied
from 183 to 189 dB re: 1 muPa. The acoustic power produced by a typical snap was
calculated to be about 3 W. A typical spectrum of a click had a low-frequency peak between 2
and 5 kHz and energy extending out to 200 kHz. The spectrum of a click is very broad with
only a 20-dB difference between the peak and minimum amplitudes across 200 kHz. A
physical model of the snapping mechanism is used to estimate the velocity, acceleration, and
force produced by a shrimp closing its claws.
Griff, R. W 1998. Holocene coral reef accretion in Hawaii: a function of wave exposure and sea
level history Coral Reefs. Sept., 1998; 17 (3) 263-272 - Call Number: UH MANOA QE565
.C68
Abstract: In the high Hawaiian islands, significant accretion due to coral reef growth is
limited by wave exposure and sea level. Holocene coral growth and reef accretion was
measured at four stations off Oahu, Hawaii, chosen along a gradient in wave energy from
minimum to maximum exposures. The results show that coral growth of living colonies
(linear extension) at optimal depths is comparable at all stations (7.7-10.1 mm/y), but
significant reef accretion occurs only at wave sheltered stations. At wave sheltered stations in
Hanauma bay and Kaneohe bay, rates of long term reef accretion are about 2.0 mm/y. At
wave exposed stations, off Mamala Bay and sunset beach, reef accretion rates are virtually
zero in both shallow (1 m) and deeper (optimal) depths (12 m). At wave sheltered stations,
such as Kaneohe bay and Hanauma bay, Holocene reef accretion is on the order of 10-15 m
thick. At wave exposed stations, Holocene accretion is represented by only a thin veneer of
living corals resting on antecedent Pleistocene limestone foundations. Modern coral
communities in wave exposed environments undergo constant turnover associated with
mortality and recruitment or re-growth of fragmented colonies and are rarely thicker than a
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single living colony. Breakage, scour, and abrasion of living corals during high wave events
appears to be the major source of mortality and ultimately limits accretion to wave sheltered
environments. Depth is particularly important as a modulator of wave energy. The lack of
coral reef accretion along shallow open ocean coastlines may explain the absence of mature
barrier reefs in the high Hawaiian islands.
Larned, ST 1998. Nitrogen- versus phosphorus-limited growth and sources of nutrients for coral
reef macro algae Marine biology. Berlin, Heidelberg [Mar. Biol.], vol. 132, no. 3,pp. 409421, 1998 - Call Number: UH MANOA QH91.A1 M4
Abstract: Recent investigations of nutrient-limited productivity in coral reef macro algae
have led to the conclusion that phosphorus, rather than nitrogen, is the primary limiting
nutrient. In this study, comparison of the dissolved inorganic nitrogen:phosphorus ratio in the
water column of Kaneohe Bay, Hawaii, with tissue nitrogen:phosphorus ratios in macro algae
from Kaneohe Bay suggested that nitrogen, rather than phosphorus, generally limits
productivity in this system. Results of nutrient-enrichment experiments in a flow-through
culture system indicated that inorganic nitrogen limited the growth rates of 8 out of
9macroalgae species tested. In 6 of the species tested, specific growth rates of thalli cultured
in unenriched seawater from the Kaneohe Bay water column were zero or negative after 12 d.
These results suggest that, in order to persist in low-nutrient coral reef systems, some macro
algae require high rates of nutrient advection or access to benthic nutrient sources in addition
to nutrients in the overlying water column. Nutrient concentrations in water samples collected
from the microenvironments inhabited or created by macro algae were compared to nutrient
concentrations in the overlying water column. On protected reef flats, inorganic nitrogen
concentrations within dense mats of Gracilaria salicornia and Kappaphycus alvarezii, and
inorganic nitrogen and phosphate concentrations in sediment pore water near the rhizophytic
algae Calerpa racemosa and C. sertularioides were significantly higher than in the water
column. The sediments associated with these mat-forming and rhizophytic species appear to
function as localized nutrient sources, making sustained growth possible despite the
oligotrophic water column. In wave-exposed habitats such as the Kaneohe Bay Barrier Reef
flat, water motion is higher than at protected sites, sediment nutrient concentrations are low,
and zones of high nutrient concentrations do not develop near or beneath macro algae,
including dense Sargassum echinocarpum canopies. Under these conditions, macro algae
evidently depend on rapid advection of low-nutrient water from the water column, rather than
benthic nutrient sources, to sustain growth.
Mazzuca L; Atkinson S ; Nitta E 1998. Deaths and entanglements of humpback whales,
Megaptera novaeangliae, in the main Hawaiian Island, 1972-1996 Pacific Science. Jan.,
1998; 52 (1) 1-13 - Call Number: UH MANOA QH1 .P33
Abstract: Reports of humpback whales, Megaptera novaeangliae, that either died or were
entangled in Hawaiian waters from 1972 through October 1996 were analyzed to determine
age class (estimated from body length and/or notes), location, annual frequency, and seasonal
distribution of occurrence. Using reports collected from the National Marine Fisheries Service
Pacific Area Office and published news reports, 26 whales were identified and their records
analyzed. Deaths and entanglements were predominantly of calves of the year. Greatest
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incidence of deaths and entanglements occurred off the islands of Hawai'i, Maui, and O'ahu
during the month of February. Of the 26 reported cases, 19 animals were confirmed dead. In
the majority of the cases cause of death was unknown. However, shark attacks appear to be a
secondary cause of death subsequent to entanglement, perinatal death, calf abandonment,
illness, or unknown causes. The annual frequency of occurrence over the 25-yr period
indicates an increasing trend of entanglement in natural fiber and synthetic lines since 1992
and a three-fold increase in death and entanglement occurrences related to human activity in
1996.
McDonough, Kendra 1998. Benthic fluxes of dissolved organic carbon : Tomales Bay,
California, and Kaneohe Bay Theses for the degree of Master of Science (University of
Hawaii at Manoa). Oceanography ; no. 3365 - Call Number: UH MANOA Q111 .H3
no.3365
Vetter Eric W 1998. Population dynamics of a dense assemblage of marine detritivores Journal
Of Experimental Marine Biology And Ecology. Aug. 1, 1998; 226 (1) 131-161 - Call
Number: UH MANOA QH91.A1 J68
Abstract: Accumulations of macrophyte detritus provide food and refuge for a dense (up to
3.5 cntdot 106 ind. m-2) assemblage of amphipod and leptostracan crustaceans in a Southern
California submarine canyon. The objective of this work was to determine how the physical
environment and biological interactions limit these populations, that rarely, if ever, appear to
be food limited. Preliminary observations suggested that the detritus-crustaceans would incur
significant losses during the Winter, resulting from wave disturbance. Predation by dense
schools of fishes associated with this habitat also appeared to be important. Laboratory and
field experiments demonstrated that the detritus provided an effective refuge for the
crustaceans. Predation rate of fishes upon detritus associated crustaceans increased as the
density of prey populations increased and/or as the thickness of the detritus mat was reduced
(increasing number per m3 but not per m2). Density (m-2) of the mat crustaceans fluctuated
seasonally, being greatest in the Winter and Spring following storms that eliminated large
portions of the habitat. Few animals appeared to be directly eliminated by the storm
disturbance. The important effect of storms was to reduce the quantity and quality of the
detritus refuge by concentrating the crustaceans into smaller patches with less detrital cover.
During the calm summer months the bacterium Beggiatoa sp. spread out over large portions
of the detritus mat. Beneath the bacteria oxygen concentration was reduced, and infaunal
density was two orders of magnitude lower than in unaffected portions of the mat. The
summer increase in bacterial cover constituted a biological disturbance that functionally
reduced the habitat area available to the mat fauna and left them more vulnerable to predation.
Secondary production in the detrital mats is among the highest reported from natural
environments. This is possible because the mat crustaceans are unable to graze down their
food supply (detritus and associated microbes). The refuge provided by the detritus for large
populations of invertebrates also is crucial; larger refugia translated into increased carrying
capacity which allowed both greater population sizes and production, much of which became
available to fishes. Most marine ecosystems are supported by allochthonous material that
enters food webs via detritivores. Seafloor features that collect detritus constitute an important
source of patchiness over a wide range of scales because detrital delivery is governed by

Final Report: EPA Grant CD97918401-0 P. L. Jokiel, K S. Rodgers and Eric K. Brown

Page 56

physical processes. The La Jolla/Scripps Canyon system, by accumulating organic debris,
provides a large food source from shallow to continental slope depths. This resource supports
large numbers of fishes and presumably increases local production in higher trophic levels.
Williams Susan L ; Carpenter Robert C 1998. Effects of unidirectional and oscillatory water
flow on nitrogen fixation (acetylene reduction) in coral reef algal turfs, Kaneohe Bay,
Hawaii Journal Of Experimental Marine Biology And Ecology. Aug. 31, 1998; 226 (2) 293316 - Call Number: UH MANOA QH91.A1 J68
Abstract: Rates of acetylene reduction (nitrogenase activity) by algal turf communities from
Kaneohe Bay, Oahu, Hawaii, were measured as a function of increasing water flow speeds
under unidirectional and oscillatory flow regimes in an enclosed incubation chamber. Water
flow speeds, shear stress, and turbulence intensities were measured with thermistor probes in
the chamber and over the turfs in the field. The thickness of the boundary layer varied
significantly and linearly with bulk water flow speeds in the field. Although the boundary
layer in the chamber also decreased with increasing flow speeds, turbulence intensity and
flow speeds in the chamber were mostly lower than those typically measured in the field.
Rates of acetylene reduction were positively related to water flow speed. Oscillatory water
flow, which increased turbulence intensity five times, resulted in a significant increase in
acetylene reduction compared to unidirectional flow. Even at the lowest mean flow speeds
measured in the field (< 0.1 m s-1), mean rates of acetylene reduction (27 nmol ethylene cm-2
h-1 +- 11 SD) were high under oscillatory flow. Equivalent high rates under unidirectional
flow were not achieved until flow speed was more than doubled. The slope of log-log linear
regressions of acetylene reduction versus flow speed was 0.5 for both oscillatory and
unidirectional regimes. This result suggests that acetylene reduction rates in the chamber were
controlled by mass transfer of a rate-controlling solute, such as acetylene or oxygen
(inhibitory to nitrogenase), through a laminar diffusion boundary layer. Because coral reefs
exist in areas of very low nitrogen availability, nitrogen fixation is fundamentally important
for coral reef primary production and biogeochemistry. Yet, current understanding of nitrogen
fixation on coral reefs has been derived primarily from measurements made under unnatural
conditions of no or low water flow. This study lends support to the importance of water flow
as a major control of the metabolism of organisms occupying coral reefs.
Work-Thierry M ; Raskin Rose E; Balazs George H; Whittaker Scott D 1998. Morphological
and cytochemical characteristics of blood cells from Hawaiian green turtles American
Journal Of Veterinary Research. Oct., 1998; 59 (10) 1252-1257 - Call Number: UH
MANOA SF601 .A3
Abstract: Objective-To identify and characterize blood cells from free-ranging Hawaiian
green turtles, Chelonia mydas. Sample Population-26 green turtles from Puako on the island
of Hawaii and Kaneohe Bay on the island of Oahu. Procedure-Blood was examined, using
light and electron microscopy and cytochemical stains that included benzidine peroxidase,
chloroacetate esterase, alpha naphthyl butyrate esterase, acid phosphatase, Sudan black B,
periodic acid-Schiff, and toluidine blue. Results-6 types of WBC were identified:
lymphocytes, monocytes, thrombocytes, heterophils, basophils, and eosinophils (small and
large). Morphologic characteristics of mononuclear cells and most granulocytes were similar
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to those of cells from other reptiles except that green turtles have both large and small
eosinophils. Conclusions-Our classification of green turtle blood cells clarifies improper
nomenclature reported previously and provides a reference for future hematologic studies in
this species.
Baird M E; Atkinson M J 1997. Measurement and prediction of mass transfer to experimental
coral reef communities Limnology And Oceanography. Dec., 1997; 42 (8) 1685-1693 - Call
Number: UH MANOA GC1 .L5
Abstract: The uptake of nutrients (N and P) into coral reef communities is proposed to be
limited by diffusion through concentration-depleted boundary layers between the water and
organisms, or what is termed "mass transfer limitation." The mass transfer rate is a physical
limit to the rate of nutrient uptake. Maximum uptake rates by highly rough biological surfaces
have not yet been evaluated. Engineering correlations indicate that increased surface
roughness should increase mass transfer, although it has been difficult to quantify roughness
of living corals. In this paper, the effects of highly rough coral surfaces on mass transfer were
investigated by using dissolution of gypsum (plaster-of-paris) from flat smooth surfaces and
coral skeletons. The gypsum dissolution rates were measured as an increase in concentration
of calcium ions in freshwater recirculating over experimental surfaces. Stanton numbers (Stm,
a dimensionless number giving the ratio of uptake rate per unit area to the rate of advection of
the substance past the uptake surface) of experimental smooth surfaces ranged from 2.6 to 3.5
X 10-15 and were the same as values in the engineering literature for smooth surfaces. Stm,
for coral-shaped surfaces ranged from 70 X 10-5 at 0.03 m s-1 to 17 X 10-5 at velocities up to
0.50 m s-1 and were in general 9 +- 1 times that of smooth surfaces. The measured Stm for
each coral-shaped surface was the same as the predicted Stm (+- 10%) calculated from
measured friction and roughness using a correlation of heat transfer. St. for ammonia uptake
on living coral reef communities show the same relationship between mass transfer, friction,
and roughness as the coral-shaped gypsum surfaces. The transport rates of nutrients to reef
surfaces are controlled by large-scale roughness, typically associated with coral heads, and
not small-scale roughness elements on the organisms, nor biological alterations of diffusive
boundary layers. Nutrient uptake and possibly other metabolic exchange rates are governed by
concentration, water velocity, and friction dissipated over the reef, denoting that coral reef
community metabolism is physically forced.
Danilowicz, BS 1997. A potential mechanism for episodic recruitment of a coral reef
fish Ecology, vol. 78, no. 5, pp. 1415-1423, Jul 1997 - Call Number: UH MANOA QH540
.E3
Abstract: Most marine animals have complex life histories with dispersive larvae.
Recruitment to marine populations should then result from larval production external to each
population (i.e., an open population). However, it has been suggested that self-recruitment to
these populations may also be important (i.e., a closed system). The contribution of these two
sources of larval supply to recruitment were explored using the Hawaiian domino damselfish,
Dascyllus albisella. Spawning and recruitment were monitored daily and weekly in the
southeast section of Kaneohe Bay, Oahu, Hawaii, during 1992. Daily increment formation in
the otoliths of this species was validated, and the spawning dates of arriving recruits were
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back-calculated using otolith rings. Since this section of Kaneohe Bay is sheltered, with a
water exchange rate of only 26%per day, I predicted larvae would be retained (passively and
behaviorally) after hatching; therefore recruitment from locally spawned larvae would be
important. Contrary to my prediction, no self-recruitment was evident. Spawning times and
back-calculated production of recruits did not overlap on a daily or seasonal basis. During the
first half of the year, recruitment pulses were large and associated with rises in water
temperature. During the latter half of the year, recruitment rates were lower and recruitment
events were not associated with water temperature. Given the apparent absence of selfrecruitment and the seasonal pattern of oceanographic currents in the Hawaiian Islands,
recruitment episodes in the first half of the year may have originated from distinct
reproductive episodes at upcurrent islands. Recruitment episodes in the latter half of the year
may have resulted from a general increase in D. albisella spawning external to Kaneohe Bay.
Hazzard Christina ; Lesser Michael P; Kinzie, Robert A. III 1997. Effects of ultraviolet
radiation of photosynthesis in the subtropical marine diatom, Chaetoceros gracilis
(Bacillariophyceae) Journal Of Phycology. Dec., 1997; 33 (6) 960-968 - Call Number: UH
MANOA QK564 .J68
Abstract: Acclimation to ambient ultraviolet radiation (UVR) was examined in a subtropical
marine diatom, Chaetoceros gracilis Schutt. Short-term exposure to UVR (< 24 h) reduced
the efficiency of photosynthetic energy conversion, carbon fixation, activity of 1,5bisphosphate carboxylase/oxygenase (RUBISCO), and the rapid turnover of the putative D1
reaction center (32 kDa) protein, whereas longer-term exposure to ambient UVR (24-48 h)
revealed a steady-state acclimation, defined as recovery of carbon fixation and RUBISCO
activity to rates equivalent to treatments without exposure to UVR. The turnover of D1 and
chlorophyll a (Chl a) remained high during exposure to UVR. Efficiency of energy
conversion by photosystem Il, measured with double-flash (pump and probe) fluorometry,
increased by 24% in cells acclimated to UVR. Acclimation to UVR had no detectable effect
on the functional absorption cross-section or cellular concentrations of Chl a, Chl c, or total
carotenoids. However, the maximum rate of carbon fixation was reduced by UVR on a Chl a
basis but remained unaffected on a per-cell basis. Response to UVR exposure in this
subtropical diatom has two components: alpha short-term inhibitory response and a longerterm acclimation process that ameliorates the inhibition of carbon fixation.
Jokiel Paul L ; Lesser Michael P; Ondrusek Michael E 1997. UV-absorbing compounds in the
coral Pocillopora damicornis: Interactive effects of UV radiation, photosynthetically active
radiation, and water flow Limnology And Oceanography. Sept., 1997; 42 (6) 1468-1473 Call Number: UH MANOA GC1 .L5
Abstract: A direct relationship exists between irradiance of solar ultraviolet (UV) radiation
and concentration of UV-absorbing compounds, know as mycosporine-like amino acids
(MAAs), in the Hawaiian reef coral Pocillopora damicornis. However, MAA concentration is
also influenced by flow regime and the irradiance of photosynthetically active radiation
(PAR). High irradiances of UV radiation in reef environments are correlated with high PAR
and high water velocity, because all three parameters diminish exponentially with increased
depth. This correlation can also be found along horizontal gradients on reefs. The clearest
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water is typically found on outer reefs growing in oceanic water. These ocean reefs typically
experience high water velocities due to ocean swell when compared to the more turbid lagoon
reefs exposed only to. small wind-driven waves. Flow-modulated photosynthetic rate seems to
be a major factor affecting the observed changes in MAA concentration when P. damicornis
is grown under different flow regimes and identical irradiances of UV and PAR radiation.
High PAR and high water velocity significantly enhance the effect of increased UV radiation
on MAA concentration.
Larned-Scott T ; Atkinson M J 1997. Effects of water velocity on NH4 and PO4 uptake and
nutrient-limited growth in the macroalga Dictyosphaeria cavernosa Marine Ecology Progress
Series. Oct. 16, 1997; 157 (0) 295-302 - Call Number: UH MANOA QH541.5.S3 M26
Abstract: Dictyosphaeria cavernosa is a spatially dominant macroalga on coral reefs in
Kane'ohe Bay, Hawai'i, USA, and occupies a range of habitats from low energy reef slopes to
a high energy barrier reef flat. Previous studies demonstrated that D. cavernosa growth is
limited by the availability of dissolved inorganic nitrogen (DIN) in Kane'ohe Bay, and that, on
protected reef flats and slopes, the rate at which DIN is supplied to thalli from the water
column is too low for sustained growth. Under these conditions, DIN released from sediments
into the water-filled chambers beneath thalli is used for growth. At exposed sites such as the
barrier reef, nutrient-rich sediments do not accumulate but D. cavernosa is abundant,
suggesting that high levels of water motion supply nutrients from the water column to thalli at
rates high enough for sustained growth. To test the hypothesis that nutrient acquisition by D.
cavernosa increases with increasing water velocity, rates of NH4 and PO4 uptake were
measured at a range of water velocities within the range measured in D. cavernosa habitats
(0.02 to 0.13 m s-1). Rates of uptake for both nutrients were positively correlated with
velocity and with concentration. Results from the uptake experiments were used to construct a
simple model to predict the combinations of nutrient concentration and water velocity at
which the nitrogen and phosphorus requirements for growth can be met by uptake from the
Kane'ohe Bay water column. The model predicts that, at sites in Kane'ohe Bay where average
water velocities are higher than 0.05 m s-1, DIN supplied to thalli from the Bay water column
can support the specific growth rate measured in the field. At sites where average water
velocities are less than 0.05 m s-1, thalli must utilize DIN supplied from benthic sources in
addition to water column nitrogen to maintain growth rates at field levels. Similarly, at sites
where water velocities are higher than 0.01 M s-1, PO4 supplied to thalli from the water
column can support growth at field levels, while thalli at sites with lower water velocities
must utilize PO4 supplied from benthic sources.
Leber Kenneth M ; Blankenship H Lee; Arce Steve M; Brennan Nathan P 1997. Influence of
release season on size-dependent survival of cultured striped mullet, Mugil cephalus, in a
Hawaiian estuary Fishery Bulletin Washington D C. 1997; 95 (2) 267-279 - Call Number:
UH MANOA C 55.313
Abstract: The concept that depleted populations of marine fishes can be revitalized by
releasing cultured fish is being tested in Hawaii. In this study we evaluated effects of
interaction between release season and size-at-release on recapture rates of cultured striped
mullet, Mugil cephalus, released into Kaneohe Bay, Hawaii. Over 90,000 cultured M.
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cephalus fingerlings, ranging in size from 45 to 130 mm total length, were tagged with binary
coded-wire tags. Half were released in spring, the remainder in summer. In both seasons,
releases were made in three replicate lots. In each replicate, five size intervals of fish were
released at two nursery habitats in Kaneohe Bay. Monthly cast-net collections were made in 6
nursery habitats over a 45-week period to monitor recapture rates, growth, and dispersal of
cultured fish. Recapture rate was directly affected by the seasonal timing of releases. Greatest
recovery of the smallest fish released (individuals lt 60 mm) occurred following spring
releases and coincided with peak recruitment of similar-size wild M. cephalus juveniles. In
contrast, recovery of fish that were lt 60 mm at release was very poor after summer releases.
Overall survival was similar at both release sites. We hypothesize that survival of released
cultured fish will be greater when releases are timed so that fish size-at-release coincides with
modes in the size structure of wild stocks. To optimize effectiveness of stock enhancement as
a fishery-management tool, pilot release-recapture experiments should be conducted to
evaluate effects of release season on size-dependent recovery of released animals.
Mather, JA; Mather, DL; Chang, Mwong 1997. Cross-species associations of Octopus cyanea
Gray, 1849 (Mollusca:Cephalopoda) Veliger, vol. 40, no. 3, pp. 255-258, Jul 1997 - Call
Number: UH MANOA QL401.V4
Abstract: Casual observation of several Octopus species suggested that the modification of
the habitat involved in construction of sheltering dens might attract other animal species,
sometimes called "den associates." A study comparing the presence of motile epibenthos in
areas around dens of O. cyanea with nearby control areas quantified this assumption. One
species group, juvenile Scarus parrot fish, was significantly less likely to be found around O.
cyanea dens, possibly because den construction disrupted growth of algae on which the
parrotfish fed. Two species, the wrasse Thalassoma duperry Quoy & Gaimard, 1824, and the
hermit crab Calcinus latens Randall, 1839, were more likely to be found at dens of O. cyanea.
Both species appeared to be scavenging on the remains of prey left by octopuses, and their
presence thus appeared to indicate an opportunistic but loose association.
Office of Planning, State of Hawaii 1997. Kaneohe Bay Regional Council Evaluation : a report
to the Nineteenth Legislature of the State of Hawaii RegularSession of 1998 conducted by the
1997 Kaneohe Bay Task Force; prepared by the State of Hawaii, Office of Planning - Call
Number: UH MANOA IN PROCESS 980709
Cheroske, AG; Williams, SL; Carpenter, RC 1996. The effects of physical disturbance on
Hawaiian algal turf communities TWENTY-FOURTH ANNUAL BENTHIC ECOLOGY
MEETING, HELD IN COLUMBIA,SOUTH CAROLINA, MARCH 7-10, 1996., 1996, p.
26. Editor Wood in, SA; Allen, DM; Stancyk, SE; Williams-Howze, J; Feller, RJ; Wethey,
DS; Pentcheff, ND; Chandler, GT; Decho, AW; Coull, BC(eds.)
Abstract: Biological disturbance (herbivory) commonly controls coral reef algal
communities. However, in coral reef environments that are, for example, high-energy or over
fished, physical disturbance may also control algal communities. On a reef flat (Kaneohe Bay,
HI),algae growing on rubble were subjected to 3 levels of experimental tumbling (0, ambient,
3x), a disturbance that clearly is evident in the bay. After 3 months, algal biomass was
significantly reduced by 16% between the non-tumbling and ambient treatments and
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disturbance-tolerant turfs and crusts were more prevalent on less disturbed rubble. Turfs were
also the most abundant algal functional form in Kaneohe Bay. Water flow measurements over
the reef flat correlated positively with rubble tumbling rates, linking large-scale, oceanic
processes with small-scale disturbance patterns. This study is one of the first demonstrating
that chronic physical disturbance can control coral reef algal communities.
Chiappa Carrara Xavier ; Gallardo Cabello Manuel; Caso Chavez Margarita 1996. Feeding
behavior of the Hawaiian anchovy Encrasicholina purpurea Fowler (Pisces: Engraulidae)
in Kaneohe Bay, Hawaii Ciencias Marinas. 1996; 22 (1) 73-89 - Call Number: UH
MANOA GC858 .C53
Abstract: In this paper, data on growth of the encephalon, sense organs and other feedingrelated structures in Encrasicholina purpurea are analyzed. Allometric indexes of length of
the different parts of the encephalon in relation to standard length (SL) were obtained.
Growth of ocular lenses is isometric in organisms less than 25 mm SL, whereas positive
allometric values were obtained for individuals 25+ mm SL. Growth of pectoral fins
showed a similar pattern. During the life history of this species, visual perception is more
important than olfactory sense for prey detection. Only larvae display filter-feeding, while
adults feed through deglutition and biting.

Final Report: EPA Grant CD97918401-0 P. L. Jokiel, K S. Rodgers and Eric K. Brown

Page 62

1.1 Sector: South Bay

Geographic Name: South Kāne‘ohe Bay. Monitoring site located at Moku o Lo‘e (Coconut
Island).
Geographic Location: 21° 26.884’ N

157° 48.548’ W

Watershed: Pu‘u Hawai‘i loa, Kāwā, Kāne‘ohe and Kea‘ahala
Area in Acres: Pu‘u Hawai‘i loa (2,323),Kāwā (1,336),Kāne‘ohe (3,641), Kea‘ahala (743)
Perennial Streams: Kāwā, Kāne‘ohe and Kea‘ahala
Streams in the South Basin contribute over 50% of the total runoff into the bay.
Physiography: Relatively isolated basin. The South Basin encompasses approximately 20%
of the total surface area and close to 30% of the water volume of the bay. The daily exchange
rate is approximately one-fourth of its volume. This four-day residency time equates to poor
circulation compared to other sectors of the bay. Although the volume in the South Basin is
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less than 30% of the total volume of the bay, the total exchange transport is only 8% of the
total. The benthos consists mainly of fine sediments and clays originating from stream
mouths. Since most of the patch reefs are located near the channels, the South Basin has
relatively few compared to the other two sectors of the bay. Most of these have been dredged.
The average depth in the South Basin is 1.4 times greater than the rest of the bay.
Population (2000 census): 52,731
Reef Structure, Habitat Classification: Patch reef with island development. Sand and
seawall shoreline. Coral and sand carbonate reef flat exposed at lowest tides. Sites on
windward carbonate reef slope. High coral and macro-algae (Dictyosphaeria cavernosa)
cover at shallow depths. Deep zone characterized by sediment with low coral cover colonized
by slumping from upper reef zone. Northeast exposure sheltered within Kāne‘ohe Bay.
Oceanographic and Meteorological Conditions: Oceanic conditions typify conditions near
the bay entrance and are far less variable than water properties within the bay. Temperature
and salinity increase near stream mouths and can be 25% higher and 50% lower than the
deeper waters. Temperature and salinity increase during summer months mainly due to
shallow reefs reducing the mixing effect with deeper waters. Freshwater mixes throughout
the entire water column during winter months and can be a major influence on water quality.
This occurs near stream mouths. Minimal mixing occurs during the drier summer months.
Wave and Current Regime: Inflow enters the South Basin from the Sampan Channel and
continues across the bay eventually diverting to the north and south at the east side of the
basin. This flow remains close to shore creating a small clockwise eddy. Kāne‘ohe and
Kea‘ahala stream effluent then turns the flow north into a counter-clockwise eddy. This eddy
is not apparent during times of high southeast tradewinds.
The outgoing tide creates a flow mainly in the surface layer up to 3m (10ft). The large eddy
in the center of the basin weakens with the outgoing tide. Although surface circulation
decreases during southerly Kona winds, current direction remains unchanged.
Human Use Patterns: Extensive recreational and sustenance fishing use. Historical
impacts include dredging, long-term sewage release, sediment impact from improper
land practices and freshwater flooding. Major coastal development along bay shores.
Status (Degree of Legal Protection):
Hawaii Marine Laboratory Refuge, Coconut Island, Kāne‘ohe Marine Corp Base
Management Concerns: The invasive algae, Kappaphycus alvarezii and Gracilaria
salicornia were intentionally introduced in 1974 and 1978 respectively for aquaculture
purposes. These species are highly adaptable and have spread throughout the bay with the
highest concentrations on the fringing reef in the southeast sector (Rodgers and Cox 1999).
Noteworthy Biota or Ecological Conditions: The lagoon bottom in the South bay is mainly
sandy silt and clay. Many organisms burrow into the substrate. These include acorn worms,
auger shells, box crabs, alpheid shrimp, the lampshell Lingula, and clams. One of the most
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unusual species found in the South Basin is Lingula reevii, a brachiopod that is endemic to the
Hawaiian Islands (Emig, 1987). This living fossil has remained essentially unmodified for
350-400 million years. Brachiopods (lamp shells) are common marine fossils that are now
rare throughout the world. There are twelve species currently found globally, seven being
endemic, throughout Japan, Northern Australia, the Hawaiian Islands (occurring only in
Kāne‘ohe Bay), and the Philippines (Worcester, 1969). Members of this genus are found
mainly in shallow marine or brackish waters from the intertidal zone to about 20 meters (66
ft.).
One of the most salient organisms in the South Basin is Opheodesoma spectabilis, a giant,
non-burrowing sea cucumber. It is endemic to Hawai‘i and occurs abundantly and almost
exclusively in Kāne‘ohe Bay. Large aggregations can be seen on Moku o lo‘e (Coconut
Island). Opheodesoma can be easily recognized by its patterned stripes and spots of orange,
red, violet, and gray and its retractable tentacle crown. Its body wall projects into five
symmetrical rows of "warts" which increase in number and size with body length. Embedded
in its skin are numerous plate and anchor ossicles or spicules which give it a "sticky" texture
and serve to attach the body to substratum. Opheodesoma can grow up to 1.5-1.8 m (5-6 ft.)
long when relaxed. They can be found most often living in association with the brown alga,
Sargassum where there is continual but slow water movement. The flexiblity of the skin
makes it one of the most active sea cucumbers. They feed on detritus and algae by means of
the tentacles in the early evening.
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Abstract: Elucidating the extent and controls of the routes followed by primary production
in marine communities (i.e., consumption by herbivores, decomposition, transportation of
plant material beyond the community boundaries--referred to as export--or accumulation as
biomass or detritus) is essential to understand how much and why they differ in their
capacity to fuel secondary production, both within or out of the community, and in their
role as sinks in the oceanic carbon budget. Here, using an extensive compilation of
published reports, I compare the magnitude of these routes across and within a wide range
of community types, including oceanic and coastal phytoplanktonic communities, benthic
microalgal communities, coral reef algal beds, macroalgal beds, seagrass meadows,
marshes, and mangroves. Furthermore, I examine whether the variability in the magnitude
of these routes among and within types is associated with that in the magnitude of primary
production. In general, different community types showed similar levels of consumption
by herbivores and export, in spite of substantial within-type variability. On the contrary,
substantial differences in detritus decomposition and accumulation were found among
types: coral reef algal beds and benthic microalgal communities tended to show the highest
and lowest levels of decomposition, respectively, whereas marshes and oceanic
phytoplanktonic communities tended to show the largest and smallest levels of detritus
accumulation. The results also identify primary production as a robust (i.e., applicable to a
wide range of environmental conditions and communities) control of the variability in
herbivory and decomposition among marine communities. The role of primary production
as a control of export and detritus accumulation is generally minor and only restricted to
coastal phytoplanktonic and benthic microalgal communities, for export, and marshes and
mangroves for detritus accumulation.
Chela Zabin and Michael G. Hadfield 2002. Do Locals Rule? Interactions between Native
Intertidal Animals and a Caribbean Barnacle in Hawaii Pacific Science, 56(2), pp. 235236 - Call Number: UH MANOA QH1 .P33
Abstract: Interactions between Chthamalus proteus and two native Hawaiian species, the
barnacle Nesochthamalus intertextus and the pulmonate limpet Siphonaria normalis, were
examined.
Cohen, A. L.; Owens, K. E.; Layne, G. D. ; Shimizu, N. 2002. The Effect of Algal
Symbionts on the Accuracy of Sr/Ca Paleotemperatures from Coral. Science
(Washington) [Science (Wash.)]. Vol. 296, no. 5566, pp. 331-333. 12 Apr 2002. - Call
Number: UH MANOA Q1 .S35 n.s.
Abstract: The strontium-to-calcium ratio (Sr/Ca) of reef coral skeleton is commonly used
as a paleothermometer to estimate sea surface temperatures (SSTs) at crucial times in
Earth's climate history. However, these estimates are disputed, because uptake of Sr into
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coral skeleton is thought to be affected by algal symbionts (zooxanthellae) living in the
host tissue. Here, we show that significant distortion of the Sr/Ca temperature record in
coral skeleton occurs in the presence of algal symbionts. Seasonally resolved Sr/Ca in
coral without symbionts reflects local SSTs with a temperature sensitivity equivalent to
that of laboratory aragonite precipitated at equilibrium and the nighttime skeletal deposits
of symbiotic reef corals. However, up to 65% of the Sr/Ca variability in symbiotic skeleton
is related to symbiont activity and does not reflect water temperature.
Friedlander, A. M.; Parrish, J. D.; Defelice, R. C. 2002. Ecology of the introduced snapper
Lutjanus kasmira (Forsskal) in the reef fish assemblage of a Hawaiian bay. Journal of Fish
Biology [J. Fish Biol.]. Vol. 60, no. 1, pp. 28-48. Jan 2002. - Call Number: UH MANOA
QL639 .J68
Abstract: Since its first introduction in 1955, the snapper Lutjanus kasmira (taape) has
developed large populations in shallow coastal waters of Hawaii. Visual abundance
estimates and trap catches of taape were different between the main habitat types of the
reef. Overall, taape was the second most abundant species by numbers and biomass over a
hard substratum and was patchily distributed, even within habitat type. The largest
individuals occurred singly or in small groups on shallow reef slopes; on the deep slopes
and in spur-and-groove habitat, taape occurred in larger groups of smaller sized fish.
Catches in fish traps showed a negative relationship with the complexity of the adjacent
natural substratum, suggesting that traps are more productive where they offer additional
cover in areas with less natural cover. In all areas in which traps were used, from fringing
reef to open sand, the catch was dominated by taape. Tagging confirmed the theory that
taape tend to maintain a limited range over long periods. Tagging results also indicated
occasional long-range movements among major habitats and rovided data confirming
patterns of movement between reef habitat by day and sand habitat by night. Taape
collected over open sand substratum by trap and by hook-and-line were smaller than those
collected by the same means at the reef. Observations and collections suggested an
ontogenetic trend in habitat use by taape from initial settlement in fringe areas toward
ultimate residence on the main reef. Other common fish species in the reef assemblages
were tested for statistical associations with taape. Although several positive species
associations were found, multivariate analysis did not reveal patterns that indicated strong
ecological relationships. Copyright 2002 The Fisheries Society of the British Isles.
Gordon, H. G. 2002. Inverse methods in hydrological optics. Oceanologia [Oceanologia].
Vol. 44, no. 1, pp. 9-58. 2002.
Abstract: Methods for solving the hydrologic-optics inverse problem, i.e., estimating the
inherent optical properties of a water body based solely on measurements of the apparent
optical properties, are reviewed in detail. A new, American method for the inverse problem
in water bodies in which fluorescence is important, is developed. It is shown that in
principle, given profiles of the spectra of up- and downwelling irradiance, estimation of the
coefficient of inelastic scattering from any wave band to any other wave band can be
effected.
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Gretchen Lambert 2002. Nonindigenous Ascidians in Tropical Waters Pacific Science,
56(3) - Call Number: UH MANOA QH1 .P33
Abstract: Ascidians (invertebrate chordates) are abundant in many ports around the world.
Most of them are nonindigenous species that tolerate wide fluctuations in temperature,
salinity, and even pollution. These sessile suspension feeders have a rapid growth rate,
usually a short life span of a few months, reach sexual maturity when only a few weeks
old, and produce large numbers of short-lived nonfeeding planktonic larvae. They thrive on
marina floats, pilings, buoys, and boat bottoms in protected harbors where there is reduced
wave action and enhanced nutrients from anthropogenic activities. Nonindigenous
ascidians frequently overgrow oysters and mussels, which are often cultivated in or near
busy harbors. Adult ascidians on ship or barge hulls may survive transport over thousands
of kilometers to harbors with conditions similar to those they left; occasionally live larvae
have also been recovered from ships' ballast water. U.S. Navy dry dock movements
between major Pacific ports have transported large masses of fouling nonindigenous taxa,
including ascidians. Transfer between culture sites of oysters, mussels, and associated lines
and nets may provide an additional mode of transport. Once nonindigenous ascidians
become established, they provide large local sources of larvae for further possible
invasions into additional harbors and nearby natural marine communities. Invasive species
include both solitary and colonial forms, with a preponderance of large solitary species that
thrive in highly disturbed habitats. In Guam, for example, most nonindigenous ascidians
are confined to harbor structures and have not as yet significantly colonized natural reefs.
In contrast, healthy natural benthic regions both inside and outside the harbors of Guam are
usually stable coral reef communities containing a high diversity, but very low biomass, of
native colonial ascidian species. However, in several areas of the Caribbean a native
colonial didemnid has recently begun overgrowing coral reefs. In the Gulf of Mexico a
nonindigenous didemnid now covers many offshore oil rigs and may become a threat to
neighboring natural reefs. Additional data on nonindigenous ascidians in Australia, Palau,
Hawai`i, and the Mediterranean are included. Although serious invasion of coral reefs has
not yet been reported, more studies and regular monitoring are needed.
Hinds, M .G.; Zhang, W.; Anderluh, G.; Hansen, P. E.; Norton, R. S. 2002. Solution
Structure of the Eukaryotic Pore-forming Cytolysin Equinatoxin II: Implications for Pore
Formation. Journal of Molecular Biology [J. Mol. Biol.]. Vol. 315, no. 5, pp. 1219-1229. 1
Feb 2002. - Call Number: UH MANOA 0022-2836
Abstract: Sea anemones produce a family of 18-20 kDa proteins, the actinoporins, that
lyse cells by forming pores in cell membranes. Sphingomyelin plays an important role in
their lytic activity, with membranes lacking this lipid being largely refractory to these
toxins. The structure of the actinoporin equinatoxin II in aqueous solution, determined
from NMR data, consists of two short helices packed against opposite faces of a beta sandwich structure formed by two five-stranded beta -sheets. The protein core has
extensive hydrophobic interfaces formed by residues projecting from the internal faces of
the two beta -sheets. Super(15)N relaxation data show uniform backbone dynamics,
implying that equinatoxin II in solution is relatively rigid, except at the N terminus; its
inferred rotational correlation time is consistent with values for monomeric proteins of
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similar mass. Backbone amide exchange rate data also support the view of a stable
structure, even though equinatoxin II lacks disulfide bonds. As monitored by NMR, it
unfolds at around 70 degree C at pH 5.5. At 25 degree C the structure is stable over the pH
range 2.5-7.3 but below pH 2.5 it undergoes a slow transition to an incompletely unfolded
structure resembling a molten globule. Equinatoxin II has two significant patches of
positive electrostatic potential formed by surface-exposed Lys and Arg residues, which
may assist its interaction with charged regions of the lipid head groups. Tyr and Trp
residues on the surface may also contribute by interacting with the carbonyl groups of the
acyl chains of target membranes. Data from mutational studies and truncated analogues
identify two regions of the protein involved in membrane interactions, the N-terminal helix
and the Trp-rich region. Once the protein is anchored, the N-terminal helix may penetrate
the membrane, with up to four helices lining the pore, although other mechanisms of pore
formation cannot be ruled out. Copyright 2002 Elsevier Science Ltd.
J. R. Kimbell, M. J. McFall-Ngai, and G. K. Roderick 2002. Two Genetically Distinct
Populations of Bobtail Squid, Euprymna scolopes, Exist on the Island of Oahu Pacific
Science, 56(3) - Call Number: UH MANOA QH1 .P33
Abstract: Population structure of the endemic Hawaiian bobtail squid, Euprymna scolopes,
was examined using both morphological and genetic data. Although allozyme
polymorphism was negligible, measurements of eggs, juveniles, and adults, as well as
genetic data sequences of mitochondrial cytochrome oxidase I, demonstrated highly
significant population structuring between two populations found on the northeastern and
southern coasts of the island of O`ahu. These data suggest that extremely low levels of
gene flow occur among these populations. Population subdivision of marine shallow-water
invertebrates in Hawai`i is not expected based on earlier surveys, but may reflect a more
general pattern for organisms, both marine and terrestrial, that exhibit limited dispersal.
The subdivision also provides insight into the pathway through which coevolution between
E. scolopes and its internal symbiont, Vibrio fischeri, may proceed.
Jennifer E. Smith, Cynthia L. Hunter, and Celia M. Smith 2002. Distribution and
Reproductive Characteristics of Nonindigenous and Invasive Marine Algae in the
Hawaiian Islands Pacific Science, 56(3) - Call Number: UH MANOA QH1 .P33
Abstract: Quantitative and qualitative surveys were conducted on five of the main
Hawaiian Islands to determine the current distribution of nonindigenous algae and to
assess the level of impact that these algal species pose to Hawai`i's marine ecosystems.
Maps were generated to examine the spread of these organisms from initial sites of
introduction and to assimilate information regarding habitat characteristics that appear to
make some sites more susceptible to invasion than others. Blooms of native invasive algae
were also documented when encountered. The potential for vegetative propagation via
fragmentation was examined experimentally as a mode of reproduction for four of the most
common species of nonindigenous algae in Hawai`i. This research has demonstrated that
each of these algal species currently has a distinctive distribution and reproductive
strategies appear to vary among species. More research is needed to further understand the
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competitive strategies and unique ecological characteristics that allow these nonindigenous
species to become highly successful in the Hawaiian Islands.
John E. Randall and G. Keoki Stender 2002. The Nibbler Girella leonina and the
Soldierfish Myripristis murdjan from Midway Atoll, First Records for the Hawaiian
Islands Pacific Science, 56(2), pp. 137-141 - Call Number: UH MANOA QH1 .P33
Abstract: The girellid fish Girella leonina (Richardson) and the holocentrid Myripristis
murdjan (Forsskal) are reported for the first time for the Hawaiian Islands from underwater
photographs taken at Midway Atoll. Both species can be positively identified by the
photographs.
Johnson, C. C. 2002. The rise and fall of rudist reefs. American Scientist [Am. Sci.]. Vol.
90, no. 2, pp. 148-153. Mar-Apr 2002. - Call Number: UH MANOA LJ85 .S502
Abstract: Reefs of the dinosaur era were dominated not by corals but by odd mollusks,
which died off at the end of the Cretaceous from causes yet to be discovered.
L. G. Eldredge and J. T. Carlton 2002. Hawaiian Marine Bioinvasions: A Preliminary
Assessment Pacific Science, 56(2), pp. 211-212 - Call Number: UH MANOA QH1 .P33
Abstract: Through the Hawaii Biological Survey at Bishop Museum, a count of the total
numbers of species in the Hawaiian Archipelago has been accumulated, with the latest
listing (1999) totalling 23,150, of which 5047 are nonindigenous species. For the
nonindigenous marine and estuarine species, we have been accumulating information from
the literature, museum specimens, and through field collections. This preliminary
assessment is an extended abstract of a much longer review still in preparation.
P. A. Hutchings, R. W. Hilliard, and S. L. Coles 2002. Species Introductions and Potential
for Marine Pest Invasions into Tropical Marine Communities, with Special Reference to
the Indo-Pacific Pacific Science, 56(2), pp. 223-233 - Call Number: UH MANOA QH1
.P33
Abstract: Introductions of marine species by hull fouling or ballast water have occurred
extensively in temperate areas, often with substantial deleterious impacts. However,
current information suggests that marine introductions potentially able to achieve pest
species status have been fewer in tropical regions. A 1997 risk assessment examining
introductions to 12 tropical ports in Queensland (Australia) concluded that far fewer
marine species appeared to have been introduced, even at major bulk export ports where
the number of ship visits and volume of discharged ballast water are more than at most of
Australia’s cooler water ports. Results from recent surveys looking for introduced species
in tropical ports across northern Australia are beginning to support this conclusion,
although the lack of historic baseline surveys and the poor taxonomic status of many
tropical groups are preventing a precise picture. The 1997 report also concluded that, apart
from pathogens and parasites of warm-water species, the potential for marine pest
invasions in Queensland tropical ports appeared to be low, and not only because much of
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the discharged ballast water originates from temperate ports in North Asia. In contrast,
recent surveys of harbors in Hawai`i have found over 110 introduced species (including 23
cryptogenic species), the majority in the estuarine embayments of Pearl Harbor and
O`ahu's commercial harbors. We suggest that the biogeographically isolated and less
diverse marine communities of Hawaiian ports have been more susceptible to introductions
than those of tropical Australia for several reasons, including the closeness of Australia to
the central Indo-Pacific "triangle" of megadiversity (Indonesia-Philippines-Papua New
Guinea) and consequent high biodiversity and low endemicity, hence offering fewer niches
for nonindigenous species to become established. The isolated central Pacific position of
Hawai`i and its long history of receiving worldwide commercial and naval shipping
(including more heavily fouled vessels than contemporary merchant ships) is another key
factor, although the estuarine warm-water ports of Townsville, Brisbane, and Darwin also
provided anchorages for military units during World War II. Hull fouling remains an
important vector, as it is the most likely cause of the recent transfer of the highly invasive
Caribbean black-striped mussel (Mytilopsis sallei) to enclosed (lock-gate) marinas in
Darwin by international cruising yachts arriving via the Panama Canal. The cost of
eliminating this pest (>US$1.6 million) underscores the importance of managing not just
commercial shipping but also pleasure craft, fishing boats, and naval ships as vectors of
exotic species to ports, harbors, and marinas in coral reef areas.
Roberts, CM; McClean, CJ; Veron, JEN; Hawkins, JP; Allen, GR; McAllister, DE;
Mittermeier, CG; Schueler, FW; Spalding, M; Wells, F; Vynne, C; Werner,
TB 2002. Marine Biodiversity Hotspots and Conservation Priorities for Tropical
Reefs. Science (Washington) [Science (Wash.)]. Vol. 295, no. 5558, pp. 1280-1284. 15
Feb 2002. - Call Number: UH MANOA Q1 .S35 n.s.
Abstract: Coral reefs are the most biologically diverse of shallow water marine
ecosystems but are being degraded worldwide by human activities and climate warming.
Analyses of the geographic ranges of 3235 species of reef fish, corals, snails, and lobsters
revealed that between 7.2% and 53.6% of each taxon have highly restricted ranges,
rendering them vulnerable to extinction. Restricted-range species are clustered into centers
of endemism, like those described for terrestrial taxa. The 10 richest centers of endemism
cover 15.8% of the world's coral reefs (0.012% of the oceans) but include between 44.8
and 54.2% of the restricted-range species. Many occur in regions where reefs are being
severely affected by people, potentially leading to numerous extinctions. Threatened
centers of endemism are major biodiversity hotspots, and conservation efforts targeted
toward them could help avert the loss of tropical reef biodiversity.
S. L. Coles and L. G. Eldredge 2002. Nonindigenous Species Introductions on Coral Reefs:
A Need for Information Pacific Science, 56(2), pp. 191-209 - Call Number: UH
MANOA QH1 .P33
Abstract: Nonindigenous species invasions have caused disruptions of native communities
and detrimental economic impacts to fisheries in many temperate marine areas. However,
comparatively little information exists for tropical regions, and even less is known about
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occurrences and impacts of nonindigenous species on coral reefs. Studies in the Tropics to
date have mostly been limited to surveys in harbors and ports where corals and reef
organisms are usually missing or rare and environmental conditions are usually quite
different from those found on coral reefs. The few studies available for coral reefs suggest
that nonindigenous species are thus far a relatively minor component of the total biota, but
some species, especially introduced red algae, can be invasive and dominate reef areas.
With limited information available, there is a need for studies of the occurrence and
impacts of nonindigenous species that are focused on coral reef environments. This review
summarizes the information for nonindigenous species from harbors, embayments, and
coral reef surveys in the tropical Pacific and outlines procedures for studies to detect
species introductions.
Westmacott, S. 2002. Where should the focus be in tropical integrated coastal
management?. Coastal Management [Coast. Manage.]. Vol. 30, no. 1, pp. 67-84. - Call
Number: uH MANOA HT392 .C6
Abstract: Integrated coastal management has been seen as the way to deal with the
challenges currently facing managers of coastal zones. In the tropics, these areas are
typified with resources such as coral reefs and mangroves that are able to support a variety
of activities. Integrated coastal management takes a multi-disciplinary approach that
involves the integration of the different institutions and stakeholder groups in the coastal
zone. A survey of tropical coastal locations revealed that fully implemented integrated
coastal management is limited with programs apparently failing at the implementation
stage. These coastal zones share a number of common challenges exacerbated by poverty
and conflicts between coastal activities. Conflict management needs to be incorporated into
the management process that pays particular attention to the overextraction of resources
and destructive resource use.
Andrefoueet, S; Muller-Karger, FE; Hochberg, EJ; Hu, Chuanmin; Carder,
KL 2001. Change detection in shallow coral reef environments using Landsat 7 ETM+
data Remote Sensing of Environment [Remote Sens. Environ.], vol. 78, no. 1-2, pp. 150162, Oct 2001
Abstract: This paper aims to clarify the potential of the new Landsat 7/Enhanced Thematic
Mapper Plus (ETM+) sensors for change detection in coral reef environments, We
processed images of two reef sites in Florida and Hawaii acquired over short time intervals
(2 weeks and 3 months). During these periods, reefs were not affected by major
disturbances (phase shift, strategy shift, bleaching, and hurricanes). This stability allowed
us to assess the bias in change detection analysis. Two methods for change detection
analysis were applied. The first one estimates the atmospheric conditions (Rayleigh and
aerosol radiances, ozone and diffuse transmittances) using an ETM+/SeaWiFS multisensor
approach. The second method is an empirical correction based on pseudoinvariant features
that compensates for different atmospheric conditions as well as for any sensor (noise) or
environmental (water column, sea surface state) conditions. The atmospheric correction
alone did not provide an accurate match in images across time due to significant whitecaps
and possible sun glint and its products required an empirical adjustment. Therefore, for the
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images in this study there was not substantial benefit in performing an atmospheric
correction compared to an empirical correction alone. Both methods resulted in a minimum
uncertainty of 4, 3, and 3 digital counts, respectively, in ETM+ Bands 1-3. Finally, we
completed the study of real images by the analysis of ETM+ reflectance spectra for a large
variety of coral reef objects. We concluded that the assessment of the rates of change in
three ubiquitous classes 'sand,' 'background' (including rubble, pavement, and heavily
grazed dead coral structure), and 'foreground' (including living corals and macroalgae)
emerges as the most reproducible and feasible application for the ETM+ sensor.
Asoh, K; Yoshikawa, T; Kasuya, M 2001. Gonadal development and non-functional
protogyny in a coral-reef damselfish, Dascyllus albisella Gill Journal of Fish Biology [J.
Fish Biol.], vol. 58, no. 6, pp. 1601-1616, Jun 2001 - Call Number: UH MANOA QL639
.J38
Abstract: All gonads of the Hawaiian dascyllus Dascyllus albisella, irrespective of the
final sex of individuals, developed an ovarian lumen and primary-growth-stage oocytes
after an initially undifferentiated state. From this ovarian state or from more differentiated
ovaries, some gonads redifferentiated into testes. None of 117 individuals examined had a
gonad containing degenerating vitellogenic oocytes and proliferating spermatogenic tissue.
Eleven individuals had gonads containing degenerating cortical-alveolus-stage oocytes and
developing spermatogenic tissue. The size of these individuals overlapped with the female
size range in which the majority of the females were still in the middle of the maturation
process. They were absent from the larger size range where the majority of females had
vitellogenic oocytes. This indicated that the transition toward maleness is likely to have
occurred after the onset of cortical-alveolus stage, but before final oocyte maturation and
spawning as females. Therefore the protogynous pattern of gonadal development was nonfunctional. There was no dimorphism in the sperm duct configuration, and all the testes
were secondary testes reported for diandric, protogynous species with undelimited gonads.
Very early development of an ovarian lumen appeared to have resulted in a secondarymale configuration in all testes, although redifferentiation into males appeared to have
occurred before sexual maturity and spawning as females. Copyright 2001 The Fisheries
Society of the British Isles
Haws, M. C. 2001. Status and progress of black-lip pearl oyster (Pinctada margaritifera)
culture in the U.S.-affiliated Pacific Island Nations - contributions of regional educational
institutions to research and development Conference: Aquaculture 2001, Lake Buena
Vista, FL (USA), 21-25 Jan 2001. Aquaculture 2001: Book of Abstracts, World
Aquaculture Society, 143 J.M Parker Coliseum Louisiana State University Baton Rouge
LA 70803 USA, 2001, 218
Abstract: Production of black "Tahitian" pearls has been targeted as a prime development
opportunity for the U.S.-Affiliated Pacific Island Nations since the early 1990's.
Aquaculture and marine resource utilization are somewhat limited in the Western Pacific
Region by geographic isolation, lack of infrastructure and transportation, and scarcity of
credit. Pearl culture is attractive because the high-value, non-perishable nature of the
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product overcomes some of the limiting constraints. Biological feasibility of pearl culture
has also been well demonstrated by two pearl farms in the Republic of the Marshall Islands
and a third farm at Nukuoro Island in the Federated States of Micronesia. Expansion of the
pearl industry and strengthening of existing efforts is the current focus of technical
assistance programs, the private sector and educational institutions. Cross-sectoral
partnerships have been instrumental in allowing pearl culture to become established and
continue to be an important strategy in the promotion of aquaculture development.
Establishment of hatcheries to supply spat to farmers and to research improved production
methods is being carried out by the College of Micronesia-Land Grant and the Pohnpei
Agricultural Trade School/Pearl Research and Training Program, University of Hawaii
Hilo/Center For Tropical and Subtropical Aquaculture in the Federated States of
Micronesia. Training and education of secondary and university students is a key
component of these initiatives. These efforts are strengthened by a program of outreach
targeting conservation and management of pearl oyster stocks that links pearl farming and
coral reef conservation funded by the David and Lucille Packard Foundation. In the
Republic of the Marshall Islands, the College of the Marshall Islands/Pearl Research and
Training Program-University of Hawaii Hilo/University of the South Pacific will establish
a demonstration pearl hatchery and pilot farm as part of an aquaculture education program
with funding from a Minority-Serving Institution Grant from the U.S. Sea Grant Program.
The linkages between aquaculture education and training, pearl industry development and
coral reef conservation are discussed, as are the strategies and expected outcomes.
Kinzie, RA III; Takayama, M; Santos, SR; Coffroth, MA 2001. The adaptive bleaching
hypothesis: experimental tests of critical assumptions Biological Bulletin, Marine
Biological Laboratory, Woods Hole [Biol. Bull. Mar. Biol. Lab. Woods Hole], vol. 200,
no. 1, pp.51-58, Feb 2001 - Call Number: UH MANOA QH301 .B38
Abstract: Coral bleaching, the loss of color due to loss of symbiotic zooxanthellae or their
pigment, appears to be increasing in intensity and geographic extent, perhaps related to
increasing sea surface temperatures. The adaptive bleaching hypothesis (ABH)posits that
when environmental circumstances change, the loss of one or more kinds of zooxanthellae
is rapidly, sometimes unnoticeably, followed by formation of a new symbiotic consortium
with different zooxanthellae that are more suited to the new conditions in the host's habitat.
Fundamental assumptions of the ABH include (1) different types of zooxanthellae respond
differently to environmental conditions, specifically temperature, and (2) bleached adults
can secondarily acquire zooxanthellae from the environment. We present simple tests of
these assumptions and show that (1) genetically different strains of zooxanthellae exhibit
different responses to elevated temperature, (2) bleached adult hosts can acquire algal
symbionts with an apparently dose-dependent relationship between the concentration of
zooxanthellae and the rate of establishment of the symbiosis, (3) and finally, bleached
adult hosts can acquire symbionts from the water column.
Kuffner, IB 2001. Effects of ultraviolet radiation and water motion on the reef coral Porites
compressa Dana: A flume experiment. Marine Biology [Mar. Biol.], vol. 138, no. 3, pp.
467-476, 2001 - Call Number: UH MANOA QH91.A1 M4

Final Report: EPA Grant CD97918401-0 P. L. Jokiel, K S. Rodgers and Eric K. Brown

Page 78

Abstract: The effects of water flow and ultraviolet radiation (UVR, 280-400nm) on the
reef coral Porites compressa were explored in a manipulative flume experiment. The aim
of this study was to determine whether this coral responds to changes in the UVR
environment by adjusting the tissue concentration of UV-absorbing compounds
(mycosporine-like amino acids, MAAs), and to see whether such an acclimation is affected
by water flow. Also, calcification rate and chlorophyll-a concentration were measured
during the experiment to estimate the potential costs (in the form of slowed growth and/or
reduced photosynthetic capacity) to the coral-alga symbiosis of being exposed to UVR and
producing MAAs. Branches of P. compressa from a single male colony were exposed to
high or low flow (15 cm/s and 3 cm/s, respectively) and ambient or no UVR in an outdoor,
continuous-flow seawater system. Chlorophyll-a and MAA concentrations were
determined after zero, 3 and 6 weeks of exposure to the experimental conditions. Increase
in buoyant weight during the two 3-week periods was used to calculate calcification rate.
The presence of UVR had a significant positive effect on total MAA concentration in the
P. compressa colonies; however, there were significant interactions present. In colonies
exposed to UVR, MAA concentration increased and then decreased to initial levels in high
water flow, and increased steadily in low water flow. In colonies receiving no UVR, MAA
concentration decreased steadily, declining 23% in 6 weeks. The absence of UVR did not
result in higher chlorophyll-a concentrations, but the calcification rate was slightly affected
by UVR. This study supports the putative photoprotective role of MAAs in P. compressa,
and suggests that the costs of mitigating the effects of ambient UVR are detectable, but
they are very small.
Privitera, LA 2001. Characteristics of egg and larval production in captive bluespotted
gobies Journal of Fish Biology [J. Fish Biol.], vol. 58, no. 5, pp. 1211-1220, May 2001 Call Number: UH MANOA QL639 .J38
Abstract: Spawning of the Hawaiian coral-reef goby Asterropteryx semipunctata was
diurnal, occurring at various times throughout the day. Mean length of eggs deposited in
nests was 0.76mm (range 0.67-0.84); mean egg width was 0.47mm (range 0.41-0.52).
Clutch size varied from 296 to 1552 eggs (mean=886 plus or minus 309), and was
independent of standard length, total body weight, and body condition. Mean relative
clutch size was 1.59 eggs mg super(1)total body weight (range 0.84-2.43). Clutches
hatched 4-5 nights after being deposited in a nest. Mean notochord length of newlyhatched larvae was 1.88mm (range 1.60-2.04). The minimum period of time that elapsed
between egg deposition and subsequent growth of a new batch of oocytes to spawning size
was 5-6 day providing a reasonable estimate of minimum spawning interval. Compared
with other gobiids, tropical species tend to have shorter incubation periods, smaller eggs
and smaller larvae at hatching. Copyright 2001 The Fisheries Society of the British Isles
Smith, JE; Smith, CM; Hunter, CL 2001. An experimental analysis of the effects of
herbivory and nutrient enrichment on benthic community dynamics on a Hawaiian
reef Coral reefs. Heidelberg etc. [Coral Reefs], vol. 19, no. 4, pp.332-342, 2001 - Call
Number: UH MANOA QE565 .C68
Abstract: Reduced herbivory and enhanced nutrient concentrations have both been
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suggested as probable mechanisms driving phase shifts from coral to algal dominance on
tropical reefs. While there is considerable information regarding the effects of herbivores
on reefs, there is little experimental evidence of nutrient effects or the interactive effects of
both of these factors. This study experimentally tested the role of these factors on benthic
community structure on a coral-dominated reef in Hawaii. A randomized factorial block
design was used to simultaneously investigate the effects of nutrient enrichment and
herbivore exclusion on the development of benthic algal communities on artificial surfaces
over a 6-month time period. Total algal biomass was greatest on settlement surfaces
exposed to both nutrient enrichment and herbivore exclusion simultaneously. Fleshy algal
biomass was greatest on surfaces removed from grazing whereas calcareous biomass was
greatest on surfaces exposed to nutrient enrichment. Control surfaces exhibited
consistently less total, fleshy and calcareous algal biomass than that on any of the
experimental surfaces. Microinvertebrates were most abundant on surfaces within
herbivore exclusion treatments but increased in number on all settlement surfaces over
time. Sediment accumulation was positively correlated with fleshy algal biomass and was
most abundant on surfaces within herbivore exclusion treatments; there was no pattern in
sediment accumulation over time. This research demonstrates that on short time scales
(less than 6 months), nutrient enrichment and herbivore exclusion can independently and
interactively support shifts in benthic algal community structure on a Hawaiian reef.
Dictyosphaeria cavernosa has overgrown and displaced corals on reef slopes and outer
reef flats in Kaneohe Bay, Oahu. This shift in reef community composition is generally
attributed to nutrient enrichment resulting from sewage discharge. Following the diversion
of most of the sewage effluent in 1977-1978, it was expected that D. cavernosa growth
would become nutrient-limited and its abundance would consequently decline, but the alga
remains abundant in much of the bay. One explanation for its persistence is that nutrients
are once again high enough to support the alga's growth. An alternative explanation is that
there has been a reduction in grazing intensity in the bay. In this study we resurveyed the
distribution and abundance of D. cavernosa at 120 reef slope sites originally surveyed in
1969. We conducted additional surveys to estimate the biomass of herbivores and the areal
coverage of D. cavernosa and other macroalgae on reef slopes
Stimson, J; Larned, ST; Conklin, E 2001. Effects of herbivory, nutrient levels, and
introduced algae on the distribution and abundance of the invasive macroalga
Dictyospaeria cavernosa in Kanehoe Bay, Hawaii. Coral reefs. Heidelberg etc. [Coral
Reefs], vol. 19, no. 4, pp.343-357, 2001 - Call Number: UH MANOA QE565 .C68
Abstract: Since the 1960s, and possibly earlier, the macroalga, Dictyosphaeria cavernosa
has overgrown and displaced corals on reef slopes and outer reef flats in Kaneohe Bay,
Oahu. This shift in reef community composition is generally attributed to nutrient
enrichment resulting from sewage discharge. Following the diversion of most of the
sewage effluent in 1977-1978, it was expected that D. cavernosa growth would become
nutrient-limited and its abundance would consequently decline, but the alga remains
abundant in much of the bay. One explanation for its persistence is that nutrients are once
again high enough to support the alga's growth. An alternative explanation is that there has
been a reduction in grazing intensity in the bay. In this study we resurveyed the
distribution and abundance of D. cavernosa at 120 reef slope sites originally surveyed in

Final Report: EPA Grant CD97918401-0 P. L. Jokiel, K S. Rodgers and Eric K. Brown

Page 80

1969. We conducted additional surveys to estimate the biomass of herbivores and the areal
coverage of D. cavernosa and other macroalgae on reef slopes and flats. Field experiments
were used to determine spatial and temporal patterns of grazing intensity on and growth
rates of D. cavernosa and the introduced macroalga Acanthophora spicifera. Laboratory
experiments were used to examine preferences among herbivores for some of the most
abundant macroalgae on Kaneohe Bay reefs. Twenty years after sewage diversion, D.
cavernosa cover on reef slopes has decreased substantially in southern Kaneohe Bay, the
site of most of the historical sewage discharge. D. cavernosa cover has changed less in
other regions, remaining high in the central bay and low in the north bay. D. cavernosa
thalli protected by grazer exclusion cages sustained positive growth rates on reef slopes
and flats throughout the bay. Reduced nutrient concentrations may have caused a reduction
in D. cavernosa growth rates, and a consequent reduction in D. cavernosa abundance in
the south bay shortly after sewage diversion. Measurements of grazing intensity and
surveys of herbivorous fish abundance suggest that the continued abundance of D.
cavernosa is the result of a reduction in grazing intensity. Reduced grazing intensity on D.
cavernosa may in turn be the result of an historical reduction in herbivore biomass or the
establishment of several introduced macroalgae on reef flats. The introduced species are
preferred by herbivorous fishes over D. cavernosa, as indicated by preference tests. The
hypothesis that reduced grazing pressure on D. cavernosa is related to the establishment of
introduced species is supported by the observation that D. cavernosa cover is highest on
reef slopes where the cover of preferred introduced macroalgae on the adjacent outer reef
flat is also high. Conversely, D. cavernosa cover is low or zero on reef slopes where the
cover of introduced macroalgae on the adjacent reef flat is low or zero.
Tarrant, A. M.; Atkinson, M. J.; Atkinson, S. 2001. Uptake of estrone from the water column
by a coral community. Marine Biology [Mar. Biol.], vol. 139, no. 2, pp. 321-325, 2001 Call Number: UH MANOA QH91.A1 M4
Abstract: Estrogens and other steroids are present in coral tissues and are hypothesized to
regulate reproductive processes. It is not known whether corals synthesize estrogens,
accumulate them from dietary sources, or concentrate them from overlying seawater. To
determine whether corals can remove estrogens from the water column, we conducted a
series of experiments in a 24-m flume filled with 2 m super(2) of scleractinian corals. In
each experiment, the flume was spiked with estrone (initial concentrations 1,000-2,500
pg/l), water was recirculated, and water samples were collected intermittently for 1-7 days.
Corals removed estrone from the water column at a rate proportional to concentration [rate
= S(estrone)]; the estimated first-order rate constant (S) was 85x10 super(-6) m/s (95%
confidence limit plus or minus 24x10 super(-6) m/s). The reported rate constants are close
to maximal uptake rates, based on mass transfer theory of nutrient uptake by corals.
Incubations of coral tissue with tritiated estrone corroborated flume experiments and
demonstrated that estrone was removed from the water column by live corals about twice
as fast as estrone was adsorbed to the surface of dead coral. Given that concentrations of
dissolved estrone are 50-1,000 pg/l over coral reefs, uptake rates of estrogen into coral
communities from the water column are in the range of 0.37-7.3x10 super(6) pg estrone/m
super(2)/day with estimated turnover times of 6-115 days. We conclude that estrogens can
be removed from the water column by corals and can accumulate in coral tissue.
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Tomoyuki Komai 2001. A New Species of Crangonid Shrimp of the Genus Philocheras
(Crustacea: Decapoda: Caridea) from Hawaii Pacific Science, 55(4), pp. 419-428 - Call
Number: UH MANOA QH1 .P33
Abstract: Philocheras breviflagella, a new species of crangonid shrimp, is described and
illustrated on the basis of a single ovigerous female collected from Oahu, Hawaii, at
subtidal depth. The new species is most similar to P. sabsechota (Kemp, 1911) known with
certainty only from the Andaman Islands, eastern Indian Ocean. It differs from P.
sabsechota in several features, including the much narrower rostrum, the unarmed second
lateral carina of the carapace, and the truncate posterior margin of the uropodal exopod.
Other differences include the shorter fingers (each with an elongate unguis) of the second
pereopod, and medially notched posterodorsal margins of the second and fourth abdominal
somites. The new species is the first representative of the genus found to occur in the
central Pacific.
Bailey-Brock, JH; Emig, CC 2000. Hawaiian Phoronida (Lophophorata) and Their
Distribution in the Pacific Region Pacific Science, vol. 54, no. 2, p. 119-126 - Call
Number: UH MANOA QH1 .P33
Abstract: Five Phoronis species are found in Hawaiian waters. Three were RECORDed
previously, and two others, P. muelleri and P. pallida, are added here. Phoronis ovalis (the
smallest) and P. hippocrepia are perforant species forming burrows in coral rock, shells,
and barnacle encrustations, and P. psammophila, P. muelleri, and P. pallida are sanddwellers. Species diagnosis in phoronids requires sectioning to estimate muscle formulas
and arrangement of other internal organs. Included are a key to Hawaiian species based on
visible external features (so not entirely accurate), description of each, and distribution in
Hawaiian waters and the Pacific Ocean.
Cheroske, AG; Williams, SL; Carpenter, RC 2000. Effects of physical and biological
disturbances on algal turfs in Kaneohe Bay, Hawaii Journal of Experimental Marine
Biology and Ecology [J. Exp. Mar. Biol. Ecol.], vol. 248, no. 1, pp. 1-34, 18 May 2000 Call Number: UH MANOA QH91.A1 J68
Abstract: Disturbance in coral reef environments commonly results in an algal community
dominated by highly productive, small filamentous forms and cyanobacteria, collectively
known as algal turf. Research on the types of disturbance responsible for this community
structure has concentrated mainly on biological disturbance in the form of grazing,
although physical and other forms of biological disturbances may be important in many
coral reef areas. On the reef flat in Kaneohe Bay, Oahu, Hawaii, algal turfs grow primarily
upon coral rubble that tumbles with passing swells. We manipulated the frequency of
rubble tumbling in field experiments to mimic the effects of physical disturbance by
abrasion and light reduction on algal biomass, canopy height, and community structure.
Treatments approximated a gradient of disturbance intensities and durations that occur on
the reef flat. Although sea urchins and herbivorous fishes are not widespread and abundant
on the reef flat, biological disturbances to algal turf communities in the form of herbivory
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by small crabs and abrasion by tough macroalgae contributed significantly to the variation
in algal turf biomass. Within all experiments increasing disturbance significantly reduced
algal biomass and canopy heights and the community structure shifted to more
disturbance-tolerant algal forms. This study shows that the chronic physical disturbances
from water motion and biological disturbances other than grazing from large herbivores
can control algal communities in coral reef environments.
Elizabeth G. Neves 2000. Histological Analysis of Reproductive Trends of Three Porites
Species from Kane`ohe Bay, Hawaii Pacific Science, 54(2), pp. 195-200 - Call Number:
UH MANOA QH1 .P33
Abstract: Gonad development and synchrony among Porites compressa, P. lobata, and P.
evermanni colonies, collected in Kane`ohe Bay during the summer of 1997, were
histologically examined and compared. All three species are gonochoric broadcast
spawners, releasing gametes predominantly around the time of full moon during the
breeding season. Histological sections of fertile polyps confirmed the maturity of gonads
and presence of zooxanthellae surrounding the oocytes and moving into the ooplasm of the
mature eggs before spawning.
Falter, JL; Sansone, FJ 2000. Hydraulic control of pore water geochemistry within the oxicsuboxic zone of a permeable sediment Limnology and Oceanography [Limnol.
Oceanogr.], vol. 45, no. 3, pp. 550-557, May 2000 - Call Number: UH MANOA GC1 .L5
Abstract: The geochemical behavior of the top 70 cm of permeable reef flat sediments on
Checker Reef, Oahu, Hawai'i was examined using spatial and temporal changes in pore
water O sub(2), NO sub(3) super(-), NO sub(2) super(-), NH sub(4) super(+), and N
sub(2)O concentrations. The shallow depth of the sediment-water interface relative to the
height of waves propagating across the reef creates an environment in which pore water
fixing and transport are dominated by wave-induced mechanisms. Dissolved oxygen
penetrated 15-50 cm in the four sites studied. The depth-integrated concentration of
dissolved oxygen was greater under larger wave conditions and in more permeable
sediments, which suggests that dissolved oxygen may be a good indicator of the
relationship between sediment metabolism and the physical nature of the sediment
environment. the absence of any subsurface N sub(2)O maxima, limited temporal
variability in pore water N sub(2)O concentrations, and vertically coherent profiles of O
sub(2), NO sub(3) super(-), NO sub(2) super(-), and N sub(2)O suggest that suboxic
processes are typically restricted to spatial scales that are smaller than for oxic processes in
these sediments. The geochemical response of the sediments to a natural perturbation was
monitored by examining the composition of pore waters immediately following a large
wave event and for several weeks thereafter. Significant changes in the depth-integrated
concentrations of O sub(2), NO sub(3) super(-), NO sub(2) super(-), and NH sub(4)
super(+) were observed following the perturbation; however, only changes in NO sub(3)
super(-) lasted for several weeks after the event, whereas most other species returned to
previous conditions within two weeks or less.
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Falter, JL; Sansone, FJ 2000. Shallow pore water sampling in reef sediments. Coral reefs.
Heidelberg etc. [Coral Reefs], vol. 19, no. 1, pp. 93-97, 2000 - Call Number: UH
MANOA QE565 .C68
Abstract: Several new techniques have been developed to allow the geo-chemical
characterization of shallow pore water in reefs. First, a new method was developed for
using non-metallic well-points to sample pore waters from shallow depths (<1 m) in coral
reefs with unconsolidated substrates. These PVC well-points can be made faster and at less
expense than well-points made of stainless steel. They also eliminate metal contamination
and are free from the problems of corrosion in sea water. Additional improvements in
sampling techniques maximize the spatial resolution of geochemical gradients and address
the problems of atmospheric contamination associated with the sampling of dissolved
gases. Data taken from Checker Reef, Oahu, Hawaii, illustrate the application of these
methods. Several new techniques have been developed to allow the geo-chemical
characterization of shallow pore water in reefs. First, a new method was developed for
using non-metallic well-points to sample pore waters from shallow depths (<1 m) in coral
reefs with unconsolidated substrates. These PVC well-points can be made faster and at less
expense than well-points made ofstainless steel. They also eliminate metal contamination d
e free from the problems of corrosion in sea water. Additional mprovements in sampling
techniques maximize the spatial resolution of geochemical gradients and address the
problems of atmospheric contamination associated with the sampling of dissolved gases.
Data taken from Checker Reef, Oahu, Hawaii, illustrate the application of these methods.
Glynn, PW; Ault, JS 2000. A biogeographic analysis and review of the far eastern Pacific
coral reef region Coral reefs. Heidelberg etc. [Coral Reefs], vol. 19, no. 1, pp. 1-23,
2000 - Call Number: UH MANOA QE565 .C68
Abstract: New information on the presence and relative abundances of 41 reef-building
(zooxanthellate) coral species at 11 eastern Pacific and 3 central Pacific localities is
examined in a biogeographic analysis and review of the eastern Pacific coral reef region.
The composition and origin of the coral fauna and other reef-associated tax are assessed in
the context of dispersal and vicariance hypotheses. A minimum variance cluster analysis
using coral species presence-absence classification data at the 14 localities revealed three
eastern Pacific reef-coral provinces: (1) equatorial - mainland Ecuador to Costa Rica,
including the Galapagos and Cocos Islands; (2) northern - mainland Mexico and the
Revillagigedo Islands; (3) island group - eastern Pacific Malpelo Island and Clipperton
Atoll, and central Pacific Hawaiian, Johnston and Fanning Islands. Coral species richness
is relatively high in the equatorial (17-26 species per locality) and northern (18-24 species)
provinces, and low at two small offshore island localities (7-10 species). A high proportion
(36.6%, 15 species) of eastern Pacific coral species occurs at only one or two localities; of
these, three disappeared following the 1982-83 ENSO event, three occur as death
assemblages at several localities, and five are endangered with known populations of ten or
fewer colonies. Principal component analysis using ordinal relative density data for the 41
species at the 14 localities indicted three main species groupings, i.e., those with high, mid,
and narrow spatial distributions. These groupings correlated with species populationdynamic characteristics. These results were compared with data for riverine discharges,
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ocean circulation patterns, shoreline habitat characteristics, and regional sea surface
temperature data to help clarify the analyses as these measures of environmental variability
affect coral community composition. Local richness was highest at localities with the
highest environmental variability. Recent information regarding the strong affinity
between eastern and central pacific coral faunas, abundance of teleplanic larvae in oceanic
currents, high genetic similarity of numerous reef-associated species, and appearances of
numerous Indo-west Pacific species in the east Pacific following ENSO activity, suggest
the bridging of the east Pacific filter bridge (formerly east Pacific barrier).
Hadfield, MG; Meleshkevitch, EA; Boudko, DY 2000. The apical sensory organ of a
gastropod veliger is a receptor for settlement cues Biological Bulletin, Marine Biological
Laboratory, Woods Hole [Biol. Bull. Mar. Biol. Lab. Woods Hole], vol. 198, no. 1, pp. 6776, 2000 - Call Number: UH MANOA QH301 .B38
Abstract: On the basis of anatomy and larval behavior, the apical sensory organ (ASO) of
gastropod veliger larvae has been implicated as the site of perception of cues for settlement
and metamorphosis. Until now, there have been no experimental data to support this
hypothesis. In this study, cells in the ASO of veliger larvae of the tropical nudibranch
Phestilla sibogae were stained with the styryl vital dye DASPEI and then irradiated with a
arrow excitatory light beam on a fluorescence microscope. When its ASO cells were
bleached by irradiation for 20 min or longer, an otherwise healthy larva was no longer able
to respond to the usual metamorphic cue, a soluble metabolite from a coral prey of the
adult nudibranch. The irradiated cells absorbed the dye acridine orange, suggesting that
they were dying. When larvae not stained with DASPEI were similarly irradiated, or when
stained larvae were irradiated with the light beam focused on other parts of the body, there
was no loss of ability to metamorphose. Together these data provide strong support for the
hypothesis. Potassium and cesium ions, known to induce metamorphosis in larvae of many
marine-invertebrate phyla, continue to induce metamorphosis in larvae that have lost the
ability to respond to the coral inducer due to staining and irradiation. these results
demonstrate that (1) the ASO-ablated larvae have not lost the ability to metamorphose and
(2) the ions do not act only on the metamorphic-signal receptor cells, but at other sites
downstream in the metamorphic signal transduction pathway.
Hawaii Sea Grant 2000. Proceedings of the annual undergraduate research
program. HAWAU-W-97-003, , 2000, 97 pp NT: Notes Contact the originating Sea Grant
program for ordering information: http://nsgl.gso.uri.edu/ordering.htm. Also available on
loan from the Sea Grant Library (NSGL): http://nsgl.gso.uri.edu.
Abstract: The following papers are included in this proceedings: 1. Distribution,
recruitment, and growth of the black-lip pearl oyster, Pinctada margaritifera. Ku'ulei S.
Rodgers pp. 1-10. 2. Effects of fish feeding on a coral reef. Jonathan R. Hultquist pp. 1126. 3. Monitoring the Kealia Beach dune restoration project. Iris A. Stowe pp. 27-97.
Three undergraduate student research projects are presented here. One study looks at the
distribution, recruitment, and growth of the black-lip pearl oyster in Kane'ohe Bay (Oahu,
Hawaii) by surveying transects, conducting spat grow-out trials, and determining growth
rates. Another study examines the effects of humans feeding fish at Kahekili Beach Park
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(Maui). The author measures changes in abundance, species diversity, and short-term and
long-term effects of these interactions. The final study provides a baseline data set of ch
profiles, vegetation transects, and wind data to help monitor the progress of the Kealia
Beach Dune Restoration Project on the island of Maui. The author documents and assesses
efforts in revegetation and in protecting hawksbill sea turtles from vehicle contact.
Haws, Maria 2000. Collecting black-lip pearl oyster spat UNIHI-SEAGRANT-TR ; 99-06
Center for Tropical and Subtropical Aquaculture publication ; no. 144 - Call Number: UH
MANOA GC1 .H387 no.99-06
Comments: Funding was partially provided by the Center for Tropical and Subtropical
Aquaculture through a grant from the Cooperative State Research Service of the U.S.
Department of Agriculture (grant #98-38500-5947). Also funded in part by a grant from
the Pacific Aquaculture Development Program which is sponsored by the U.S. Department
of the Interior, Office of Insular Affairs (grant #GEN103). Funded in part by a
grant/cooperative agreement from the National Oceanic and Atmospheric Administration
(NOAA), project #A/AS-1, which is sponsored by the University of Hawaii Sea Grant
College Program, SOEST, under Institutional Grant No. NA86RG0041 from NOAA
Office of Sea Grant, Department of Commerce
Hochberg, EJ; Atkinson, MJ 2000. Spectral discrimination of coral reef benthic
communities Coral reefs. Heidelberg etc. [Coral Reefs], vol. 19, no. 2, pp. 164-171,
2000 - Call Number: UH MANOA QE565 .C68
Abstract: Effective identification and mapping of coral reef benthic communities using
high-spatial and -spectral resolution digital imaging spectrometry requires that the different
communities are distinguishable by their spectral reflectance characteristics. In Kaneohe
Bay, Oahu, Hawaii, USA, we collected in situ a total of 247 spectral reflectances of three
coral species (Montipora capitata, Porites compressa, Porites lobata), five algal species
(Dictyosphaeria cavernosa, Gracilaria salicornia, Halimeda sp., Porolithon sp.,
Sargassum echinocarpum) and three sand benthic communities (fine-grained carbonate
sand, sand mixed with coral rubble, coral rubble). Major reflectance features were
identified by peaks in fourth derivative reflectance spectra of coral (at 573, 604, 652, 675
nm), algae (at 556, 601, 649 nm) and sand (at 416, 448, 485, 652, 696 nm). Stepwise
wavelength selection and linear discriminant function analysis revealed that spectral
separation of the communities is possible with as few as four non-contiguous wavebands.
These linear discriminant functions were applied to an airborne hyperspectral image of a
patch reef in Kaneohe Bay. The results demonstrate the ability of spectral reflectance
characteristics, determined in situ, to discriminate the three basic benthic community types:
coral, algae and sand.

Final Report: EPA Grant CD97918401-0 P. L. Jokiel, K S. Rodgers and Eric K. Brown

Page 86

1.2 Sector: Central Kāneohe Bay

Fig. 1-1 Chart showing He‘eia Kea coastline. Red arrow shows location of CRAMP transect
site.

Geographic Location: 21° 26.884’ N

157° 48.548’ W

Watersheds: He‘eia, Kahalu‘u, Waihe‘e, Ka‘alaea and Haiamoa
Area in Acres: He‘eia (2,843), Kahalu‘u (449), Waihe‘e (1,448), Ka‘alaea (1,126) and
Haiamoa (410)
Perennial Streams: He‘eia, Kahalu‘u and Ka‘alaea
Human Population: 21,713
Physiography From the correct viewing platform such as Kealohi Point on He‘eia Ahupua‘a,
Kāneohe Bay presents a breath-taking panoramic vista. Here it is possible to view the entire
He‘eia Ahupua‘a from Iloleka‘a and Ha‘ikū Valleys all the way to the tip of Mokapu
Peninsula. The following discussion points out some of the major landmarks that can be seen
along the bay in a panorama from the northwest to southeast end. A brief geological history of
the bay and its surrounding watershed can be described by taking advantage of this panoramic
view.
Immediately off Kealohi Point to the northwest is He‘eia Kea Boat Harbor. It is the
only public marina with direct access to the bay. Other access is extremely limited, provided
mostly by private yacht clubs and piers in private lots.
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In the background of He‘eia Kea is Pu‘u Maelieli through which the rift zone of the
old Ko‘olau volcano extends (Gill, 1989). At about the middle of this northern extension of
the rift zone is the triangular peak of 690 m (2265 ft) high Pu‘u Ohulehule. At the base of this
ridge is Pu‘u Pueo (view blocked by Pu‘u Maelieli), a small hill with red scars and massive
dike formations.
At its northwest end, Kaneohe Bay ends in an abrupt wall 580 m (1900 ft) high. Here,
in the face of Pu‘u Kanehoalani, it is possible to see lava beds sloping down northeasterly
from the old Koolau rift zone. At the foot of Puu
Kānehoalani is Moli‘i Pond, one of the
only functional fishponds remaining in Kāneohe Bay. Between Pu‘u Kanehoalani and Pu‘u
Ohulehule is Hakipu‘u Valley. Hakipu‘u contains lands that were once set aside solely for the
kahunas or priests by Hawaiian ruling chiefs (Devaney et al., 1976).
Mokoli‘i Island or Chinaman's Hat, the most picturesque of all the islands in Kāneohe
Bay, lies 0.8 km (0.5 mi) off the northern shore. It is cone-shaped, and at first glance appears
to have been formed by some kind of secondary eruption. It is not a separate volcanic cone,
however, but part of the old Ko‘olau volcano that was isolated from the main mass by erosion
and left standing as a little island, or sea stack (Fig. 9). This small island is approximately
0.15 sq. km (37 acres) in area and 65 m (213 ft) high. The seaward side of Mokoli‘i is
exposed to considerable wave energy and has a wave cut bench and basaltic boulder talus.
Kualoa, the ahupua‘a where Mokoli‘i is located, literally means "long back". This
refers to the ridge extending from the Ko‘olau Mountain range. Kualoa has a prominent place
in Hawaiian tradition and is listed in the National Register of Historical Places.
A Hawaiian legend tells of the formation of Mokoli‘i island. Hi‘iaka, Pele's younger
sister, was traveling along the windward coast when she encountered the great moo dragon
Mokoli‘i. Hi‘iaka did battle with the giant lizard and killed the monster. She disposed of the
body so that it formed part of the road-bed in Hakipu‘u. Mokoli‘i's tail landed in the ocean
and the islet is the tip of its flukes.
On the horizon to the south of Mokoli‘i is Kapapa Island. Kapapa Island is on an
elevated area of hard limestone on the seaward margin of the barrier reef. Both the island and
platform are composed of lithified dune material, which was deposited when sea level was
much lower. It is now in the process of being eroded.
The seaward side of the island has two wave-eroded benches (Stearns, 1978). The
lower bench is usually awash. It was cut at present sea level and is similar to limestone
benches found on coasts throughout Hawai‘i. The higher bench is 1-2 m (3.3-6.6 ft) above sea
level and was cut when the sea was higher than present. The lagoon side of the island has a
wave-eroded notch.
Kapapa Island was once the site of both a Hawaiian heiau or temple and a fishing shrine or
koa. Signs of human habitation and a burial ground were found there in 1952 (Devaney et al.,
1976). Today, the island is still used by fishermen as an overnight campsite.
Landward of Kapapa Island is Ahu o Laka or "The Sand Bar". It is a small sand islet
which is exposed at low tide and awash at high tide. It appears as a long light greenish-yellow
band in the water. The main sand wedge that includes Ahu o Laka is approximately 18.5 m
(60 ft) thick and 2 km (1.2 mi) long (Moberly and Campbell, 1969). It is about 1.7 (1 mi)
offshore, at the lagoonward edge of the barrier reef flat.
This area of the lagoon receives sand carried across the barrier reef by currents. The
sand spills down into the main lagoon and accumulates there. The sand wedge is growing
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landward and appears to be engulfing nearby patch reefs (Roy, 1970). Unique as Figure 9.
Mokoli‘i island formation (dummy page)
a "beach in the middle of the ocean", Ahu o Laka is a favorite gathering spot for boaters and
other recreational users of the bay.
Further southeast is Kekepa Island, or Turtle Back Rock. It is located on the seaward
margin of the fringing reef off the end of the Mōkapu Peninsula rather than on the barrier reef.
It is also a lithified dune structure. Like Kapapa Island, it is exposed to severe wave erosion
and has a prominent notch cut into its base.
The southwestern end of Kāneohe Bay is semi-enclosed by the Mōkapu Peninsula. An
area rich in Hawaiian cultural and religious traditions, both of land and sea, the peninsula
extends about 5 km (3 mi) into the ocean. Although generally consisting of coastal lowlands,
this peninsula has a volcanic cone, Pu‘u Papa‘a, that was formed during the Honolulu series
of eruptions about 250,000 years ago. Three prominent volcanic vents can be seen on this
otherwise flat coral peninsula: Pyramid Rock, the Pu‘u Hawai‘iloa cinder cone, and the 210 m
(683 ft) tuff cone of Ulupau Head.
Ulupau Head erupted off-shore in a series of steam explosions (Macdonald and
Kyselka, 1967). It is an off-shore tuff cone. It may have once looked much like Manana Island
(Rabbit Island) on O‘ahu does today. The water between the mainland of O‘ahu and Ulupau
Head was shallow at the time of eruption. When the sea level dropped, the coral reef that
makes up most of Mokapu was exposed, connecting the island to Oahu as a peninsula.
Ulupau Head was formed later than Pu‘u Hawai‘iloa and sits on a thick lava flow from the
Pu‘u Hawai‘iloa cinder cone. Nearby is Pyramid Rock which appears to be a deeply eroded
vent in which the dike feeder has been exposed (McDonald and Abbott, 1970). It probably
erupted even earlier than Pu‘u Hawai‘iloa.
Hidden from view about 2 km (1.2 mi) beyond Ulupau Head is a small island known
as Moku Manu. It is the remnant of an eroded tuff cone. It was also formed during the
Honolulu series. Today, Moku Manu, which means "bird island", is a bird refuge and an
important nesting site for sea birds. These include three species of boobies, the Great Frigate
or ‘iwa bird, four species of terns, two shearwater species, and the Bulwer's Petrel.
A large island can be seen in the southern portion of the bay. Moku o Lo‘e is a
remnant of the basalt ridge that forms Pōhakea headland. The fringing reef surrounding the
island is quite similar in structure to the patch reefs in the bay.
Originally 0.05 sq. km (12
acres) in size, it has been extensively dredged and filled to extend the island to its present 0.11
sq. km (28 acres).
Originally, Moku o Lo‘e was owned by Hawaiian royalty. Later it came under the
ownership of Bishop Estate. It was purchased in 1933 by Chris Holmes, a Fleishman yeast
heir. It was he who enlarged the island, built the ponds, harbors, and seawall surrounding the
island. He also planted large numbers of coconut palms, which gave rise to the popular name,
"Coconut Island".
After Chris Holmes passed away in 1944 Coconut Island was used for an Army Rest
& Recreation center until it was bought by five investors. Eventually Edwin Pauley became
principal owner. He gave the University of Hawai‘i land and a large research grant to
establish Hawai‘i Institute of Marine Biology. Currently Coconut Island is owned by a
Japanese investor Katsuhiro Kawaguchi. HIMB has become known worldwide as a leading
marine biological research institute.
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Surrounding Kāneohe Bay landward are, again, the Ko‘olau Mountains. Seen to the
right of Mōkapu Peninsula's Pu‘u Papa‘a and in the foreground is Pu‘u Pahu, a hill on the
mainland overlooking Moku o Lo‘e. Lilipuna Pier, which provides access by boat to Moku o
Lo‘e is located here. This headland is known as Pōhakea.
To the right and continuing southwest are the peaks of Pu‘u Konahuanui, Pu‘u
Lanihuli, Pu‘u Kahuauli, and Pu‘u Keahiakaho‘e. These surround the large valley of
Kaneohe. A Hawaiian legend includes many of these place names and makes them easier to
remember.
Three brothers, Kahoe, Kahuauli, and Pahu, and their sister, Lo‘e, were sent from Ewa
to live in Kāneohe. Lo‘e lived on Moku o Lo‘e (Lo‘e's island). Kahuauli was a farmer at
Luluku (in the area of Pu‘u Kahuauli). Kahoe was a farmer near Ha‘ikū and Kea‘ahala, and
Pahu was a fisherman in Pōhakea (in the area of Pu‘u Pahu).
When Pahu went to visit Kahoe he always received poi from him. In return, he gave
Kahoe small leftover baitfish instead of good large ulua that he caught daily. Kahoe
eventually learned of Pahu's deceit from Lo‘e who came over from her island to visit him.
Several months later there was a famine and everyone hid the smoke from their
cooking fires to avoid having to share their food with others. Kahoe was able to conceal his
smoke in his valley. It traveled one to two kilometers before appearing on the summit of the
cliff. One evening Lo‘e caught Pahu looking longingly at Keaahala and said, "So, standing
with eyes looking at Keahiakahoe (Kahoe's fire)." To this day the peak carries this name (Gill,
1989).
On the face of Pu‘u Konahuanui, Pali Highway is visible leading up to the famed
Nu‘uanu Pali Pass. The pass was formed by two amphitheater-headed valleys eroding into
each other - Kāneohe from the windward side and Nuuanu from the leeward side (Gill, 1989).
The ridge between the two valleys has been slowly eroded away.
The same thing is happening at the heads of Kāneohe and Kalihi valleys and also at
the heads of Ha‘ikū and Moanalua valleys. Likelike Highway is visible on the face of Pu‘u
Lanihuli where Kāneohe and Kalihi valleys are merging. The Ha‘ikū and Moanalua valley
heads are also the site of the now under construction H-3 freeway.
Pu‘u Keahiakahoe is the tallest peak on the mountain range above Kaneohe Valley.
On its close side is the deep ampitheater-headed valley of Haiku. In the foreground of both is
the valley of Iolekaa which is directly mountainside of He‘eia.
This panoramic view ends with He‘eia Fishpond immediately off the right side of the
viewing platform. He‘eia Fishpond is one of the five remaining walled fishponds in Kāneohe
Bay and is eligible to be an historic site on the National Register. It is also one of the more
structurally unique ponds in the bay.
He‘eia Pond's wall is one of the longest, extending for nearly 2 km (1.2 mi) and
completely surrounding the pond. Other ponds have the shoreline as its inner wall. He‘eia
Fishpond is 0.36 sq. km (88 acres) in area. Built in the late 1800's by possibly 10,000 or more
men (Devaney et al., 1976), it is no longer functional. The flood of May 1965 caused a 40 m
(130 ft) breach in the seaward wall.
Reef Structure, Habitat Classification
Patch reef at entrance of He‘eia Harbor in central Kāne‘ohe Bay. Coral and sand
carbonate reef flat exposed at lowest tides. Sites on windward carbonate reef slope. High coral
and macro-algae (Dictyosphaeria cavernosa) cover at shallow depths. Deep zone
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characterized by sediment with low coral cover colonized by slumping from upper reef zone.
Northeast exposure sheltered within Kāne‘ohe Bay.
Oceanographic and Meteorological Conditions: Inshore conditions can vary substantially
from oceanic conditions due to reefs and shallow areas within the bay. Along with daily
fluctuations in water properties there are also seasonal and long-term changes. Seasonal
fluctuations are most obvious in temperature and salinity with differences attributed to
variation in rainfall, wind intensity and direction and solar radiation.
Wave and Current Regime: The Central Basin has good water circulation due to oceanic
input from the Sampan Channel. The volume of water exchange is tide and bathymetry
dependent.
Human Use Patterns: Historical impacts include long-term sewage release, freshwater
flooding, dredging. Major coastal development along bay shores.
Economic Value and Social Benefits: He‘eia Harbor is an important financial asset to the
community as well as the entire state. Recreational and commercial fishing vessels utilize the
harbor extensively. Dive and tour operations also operate out of the harbor daily. State
moorings provide anchorage for both commercial and personal vessels.
Status (Degree of Legal Protection): Open Access
Management Concerns: Mangroves are most predominant near He‘eia Harbor.
Several species were introduced into Hawai‘i in 1921 in an attempt to control erosion.
Several species were introduced at different times, but the one that survived and spread
extensively was the red mangrove from Florida. Mangroves continue to spread in
Kāne‘ohe Bay, with their best development near He‘eia Stream. Mangroves can alter
the environment. Prop roots are effective sediment traps and cause the deposition of
fine materials around the trees. Development in shallow areas effectively builds the
shoreline and quickly outcompetes native trees and plants. Mangrove at He‘eia Stream
traps some of the sediments eroded from the adjacent watershed that would have
washed into Kāne‘ohe Bay. Mangroves also affect Hawaiian fishponds (loko i‘a) by
rapidly colonizing the walls. This has a negative impact on the few operational ponds
and causes degradation of non-utilized ponds that are not kept free of the trees. These
extraordinary archaeological structures, which have existed for hundreds of years, are
now being rapidly degraded by trees that were introduced less than a century ago.
Historical and Cultural Importance:
He‘eia fishpond
Fishponds were used by early Hawaiians to insure a consistent protein supply. This
technological development was necessitated by the large population's need to be reasonably
independent of the unpredictability and limited supply of shoreline fisheries.
Marine fishponds were constructed in sheltered areas. Walls made from basalt and
coral were usually built out from the shoreline to enclose shallow bodies of water of various
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sizes. Sluice gates (makahā) were built into the walls to regulate water depth, salinity, and to
catch the fish.
Mullet (‘ama‘ama) and milk fish (‘awa) were the most important fishes cultured in the
fishponds. Their choice by early Hawaiians demonstrated a sophisticated understanding of
marine food chain dynamics. The Hawaiians chose two species of fishes that feed directly on
plants (algae) and, therefore, utilize a much shorter food chain. This resulted in a much more
efficient use of their marine resources.
A typical marine food chain consists of primary producers (plants) that are fed on by
small herbivores, which are fed on by small carnivores, which are fed on in turn by larger
carnivores. In each stage of this food chain only about 10% of the food material, (biomass), is
incorporated into the next higher feeding (trophic) level. Therefore, if human beings are the
fifth link in a food chain (plant, herbivore, small fish, large fish, man), 10,000 pounds of
plants would be necessary to produce 1 pound of human. By utilizing a three link food chain
(algae, fish, man), it would take only 100 pounds of plants to produce and sustain 1 pound of
human, which is a 10,000% increase in efficiency over feeding on large carnivores.
Kāneohe Bay's sheltered lagoon fringing reefs and freshwater stream input made it
ideal for aquaculture in fishponds. At least 30 fishponds were built in the bay (*Devaney et
al., 1976) and were utilized through the nineteenth century. However, with development and
the prospect for making more money in agriculture, the fishponds gradually fell to disuse or
were filled in. By 1901, only 16 ponds were in commercial use in Kāneohe Bay, perhaps half
of what were in use thirty years earlier (*Cobb, 1902). McAllister (*1933) found evidence of
24 fishponds in Kāneohe Bay, but only a few were being worked at that time. Currently, there
are 12 recognizable fishponds in Kāneohe Bay (*Devaney et al., 1976).
He‘eia Fishpond was in operation until the disastrous Flood of May, 1965. This event
caused considerable damage throughout the area, including breaching sections of the He‘eia
Fishpond wall. Small sections of the landward (mauka) wall adjacent to He‘eia stream were
damaged, thus letting freshwater into the pond. A larger section of the seaward (makai) wall
(approximately 130 feet wide at mean tide level) was knocked down, which exposes the pond
to tidal fluctuations. Because He‘eia Fishpond was designed to be free from tidal fluctuations
and have carefully controlled salinity and depth, the pond was rendered unusable by the flood.
Unlike some of the other Kāneohe Bay fishponds that were damaged by the Keapuka Flood
(Molii, Kahalu‘u, and Waikalua fishponds), He‘eia was not repaired
He‘eia has some design and structural features that are rare in Hawaiian fishponds. As
noted by Henry (*1976):
"1. A wall was built all around its perimeter,
2. The wall was constructed to be "compact,"
3. A main water-control gate was built to control the water level, and
4. The makai wall was built in straight-line alignment sections."
He‘eia Fishpond is unusual because an earthen dike, rather than the shoreline, forms
the inner wall of the pond. A rock wall with makahās forms one side of the channel of He‘eia
stream to allow freshwater to be mixed with the pond water to control salinity. This was
necessary because a lot of evaporation occurs in large shallow ponds. The seaward or makai
fishpond wall was constructed on top of the fringing reef which borders the shoreline of much
of Kāneohe Bay.
The walls of He‘eia Fishpond were designed to be as leakproof ("compact") as
possible so that water level and salinity could be closely controlled. The seaward (makai) wall
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consists of two parallel two foot rock walls. The eight foot space separating them was filled
with rock, coral rubble and/or earth. Wailupe Fishpond (now Wailupe Peninsula) is the only
other O‘ahu fishpond known to have "compact" walls.
The walls of He‘eia pond, as in other Hawaiian fishponds, have 'auwai o ka makahā,
which are sluice gates used primarily to capture fish. However, they also help regulate water
depth and salinity, which are especially important in a large pond with compact walls. He‘eia
Fishpond is unusual because it has a makahā nui (main water-control gate) located in the
seaward wall. This gate is used strictly to control the flow of seawater into and out of the
pond, and thereby control water level and salinity. It is composed of 4 sections and is 21.5
feet in length. The gates could be independently raised or lowered to regulate water flow.
The makahā nui could not be used to catch fish as the ‘auwai o ka makahā were
(*Henry, 1976). The distance between the gate and the grate is only two and a half inches.
The distance between the gates at ‘auwai o ka makahā vary from six to twelve feet to form a
fish trap.
The walls of He‘eia Fishpond were constructed in straight-line segments that were lined up
with geographical features. This and the overall construction of Hawaiian fishponds without
the use of metal tools or modern equipment demonstrated a remarkable engineering
knowledge that was seldom seen in other ancient Pacific island communities.
As mentioned, He‘eia Fishpond was not repaired after the 1965 Keapuka Flood.
Although small sections of the landward (mauka) wall were breached during the flood, the
major damage was to the seaward (makai) wall. Henry (*1976) estimated that the hole is
about 130 feet at mean tide level. These holes render the fishpond unusable in its current
condition because neither the water depth nor the salinity can be maintained or regulated.
Henry (*1975) addressed the question of restoring He‘eia Fishpond and estimated that
it would cost about $700,000 to remove the mangroves, dredge the pond, rebuild and repair
the walls, and repair the makahās. However, after determining that the fishpond need not be
dredged to become operational, he revised his estimate to about $100,000. The cost would be
considerably higher now. However, there are plans to temporarily patch the walls in an
attempt to bring the fishpond back into production to pay for the restoration of the pond (M.
Brooks, personal communication).
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1.3 Sector: North Kāne‘ohe Bay
Geographic Location: 21° 22.391’ N

157° 49.851’ W

Human Population (2000 census): 2,527
Watershed: Waiāhole, Waianu, Waikāne and Hakipu‘u
Area in Acres: Waiāhole (2,526), Waianu (688), Waikāne (1,695), Hakipu‘u (1,324)
Perennial Streams: Waiāhole, Waianu, Waikāne, Hakipu‘u
Physiography: Deep channel and lagoonal with fringing reefs, patch reefs and a shallow
protective outer reef bisected by the deep channel. Maximum depth is 30 to 40 feet. Shallow
areas consist of sand, crustose coralline algae and coral. Deep areas consist mainly of mud
bottom.
Reef Structure, Habitat Classification: Coral and sand carbonate reef flat exposed at
lowest tides. CRAMP sites on windward carbonate reef slope. High coral cover at
shallow depths. Deep zone characterized by sediment with low coral cover colonized
by slumping from upper reef zone. Northeast exposure, sheltered within Kāne‘ohe Bay.
Historical impacts include long-term sewage release and freshwater flooding. Major
coastal development along bay shores.
Oceanographic and Meteorological Conditions: This part of the bay is fairly open to ocean
swell compared to the central and south sectors. Water exchange is fairly good. North
Kaneohe Bay receives a large amount of fresh water from Waiāhole - Waikāne streams.
Wave and Current Regime: The north section of the bay receives more wave energy than
the middle and south sections of the bay. Most of the energy is dissipated on the shallow
eastern edge of the area, but small waves penetrate into the channel and patch reef area during
storm surf. Prevailing current is seaward through the north channel, even during incoming
tide (see Bathen 1968). The outflow is driven by waves that break and force water over the
barrier reef into the lagoon.
Status (Degree of Legal Protection): Open Access
Management Concerns: The introduced algae, Kapaphycus alvarezii and Gracilaria
salicornia have spread into this area. Threatened Green Sea Turtles are abundant in this area
and many are suffering from fibropapilloma disease. Increasing recreational use is a problem
and commercial operations are being regulated. Changes on the watershed due to increasing
agriculture or development must be monitored due to the possibility of increased sediment
load, nutrient load or toxic materials. At present the area is largely rural and undeveloped.
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Noteworthy Biota or Ecological Conditions: Large populations of the Green Sea Turtle
exist in this area. Hammerhead sharks pup and breed in the bay. Complex patch reef,
fringing reef, barrier reef system is unique in Hawaii.
Historical and Cultural Importance: This is one of the last remaining “Hawaiian” places on
Oahu, where people can still live a “traditional” life style in a rural setting. Taro culture and
sustenance fishing are still major activities here.
Scientific Importance and Research Potential: This region has been a very productive area
for scientific research due to the close proximity of the Hawaii Institute of Marine Biology at
Coconut Island. The watersheds and the bay are well-defined physiographic units that are of
a small enough scale to allow studies of material and energy flow studies and modeling.
Numerous studies have used this to advantage to study linkages between land, bay and open
ocean.
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2.0 South Moloka‘i- shoreline segment from Kamalō to Pālā ‘au
Overview
Geographic Name: Moloka‘i Island
Geographic Location: (21° 08'N, 157° 00' W) Located between the islands of O‘ahu and
Maui.
Human Population (2000 census): 7,400
Watersheds: : Kamalō, Kamiloloa, Kaunakakai, Kawela, Waiahewahewa, Kāluape‘elua,
Manawainui, Kalama‘ula

Fig. 2-1 South Moloka‘i segment boundary outlined with watershed names and divisions.

Area in Acres: : Kamalō (8,749), Kamiloloa (7,935), Kaunakakai (5,931), Kawela (3,413),
Waiahewahewa (3,590), Kāluape‘elua (9,094), Manawainui (8,981), Kalama‘ula (5,838)
Perennial Streams: : Kamalō Stream, Kawela Stream
Physiography:
Land Physiography
The Island of Moloka‘i is the fifth largest of the eight main Hawaiian Islands. The joining of
two ancient volcanoes formed Moloka‘i: Mauna Loa to the west and Kamakou to the east.
Erosion, deposition, slumping and secondary volcanic events modified the topography. The
resulting shape of the island is elongated in the east-west direction, much in the shape of a
peanut. The crest of the eastern volcano is named Kamakou, the highest peak on Moloka‘i
(1515 m or 4970 ft). Steep mountain slopes that are deeply eroded and cut by numerous
gorges characterize East Moloka‘i. In contrast, West Moloka‘i is a barren tableland that
reaches only 400 m (1200 ft) in elevation. West Moloka‘i supports plantations, ranches and
small farms.
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Two-thirds of the island is privately owned, 31% is State land and only 0.2% is federal lands
(Atlas of Hawai‘i, 1973). Private lands are mainly in the hands of large landowners (45% of
the island), the largest being Moloka‘i Ranch, Ltd. Small private landowners hold only 6% of
the island land area.

Fig. 2-2 Perennial streams within south Moloka‘i watersheds.

Reef Physiography
Coral zonation from shore to deep ocean (see Fig. 2-3).
Deep fore-reef.
The deep fore-reef extends from a depth of approximately 10 m (30 ft.) to the sand terrace at
30-40 m (90-120 ft.). This zone consists of coral platforms bisected by sand channels. In
areas of high coral coverage, a Porites compressa community dominates the platforms, while
a Montipora spp. community dominates the vertical sides. Shallow fore-reef extends from a
depth of approximately 2 m (6 ft.) to a depth of approximately 10 m (30 ft.). This zone is
characterized by "spur and groove" morphology consisting of sand channels, ridges and
buttresses. Often there is a shallow terrace extending seaward that receives the brunt of the
wave action.
Reef crest.
Diverse wave-resistant coral species and crustose coralline algae characterize this area. The
reef crest receives extremely heavy wave impact resulting in low coral cover. Diversity of
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Fig. 2-3. This generalized profile shows the distribution of the 5 most abundant species of corals along a typical
section of reef between Kamalō and Kawela. Relative abundance of each species at each point along the cross
section is represented by the width of the distribution line.

coral species, however, can be relatively high. Dominant species such as Porites compressa,
Montipora flabellata, small Pocillopora meandrina, Pocillopora ligulata and Montipora
studeri are often found in this zone as well as in the upper fore-reef and the back reef.
Leptastrea purpurea is an encrusting species with a hard skeleton and is found on the reef
crest, shallow fore-reef and back reef with a somewhat scattered distribution. Pavona
duerdeni occurs here and extends deeper into the shallow fore-reef. This species has a hard
dense skeleton and is resistant to waves and sediment abrasion.
Reef flat
Shoreward of the reef crest there is a strong environmental gradient on the shallow reef flats
of south Moloka‘i. The seaward edge of the reef flat is subjected to breaking waves over the
reef crest and strong currents. Small carbonate rock outcrops surrounded by coral rubble
characterize the seaward reef flat. Depth diminishes shoreward of the reef crest. Wave energy
is dissipated as the water decreases in depth, moving toward the shoreline (Denny, 1988).
Moving shoreward, the substrate becomes sandy with scattered rock. Near the shoreline the
sand grades into mud.
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Back reef.
Mounds and ridges. The outer reef flat coral community is characterized by high coral
diversity and low coral cover. Wave disturbance prevents the dominance of substratum by the
more rapidly growing species, so many species rarely found in deeper water occur here. All
of the common species are found here mixed with several species not common in deeper
water. The "mushroom coral" Fungia scutaria is a solitary "free living" coral that is not
attached to the reef. This coral can live on the unstable rubble and fore-reef. Porites lichen is
a small encrusting species that is characteristically apple green in color with calices arranged
in rows. Colonies are generally less than 2 cm (1 inch) in diameter and found hidden in
crevices and under overhangs on the carbonate outcrops. Cyphastrea ocellina is another
common encrusting species that occurs here in similar habitats.

Fig. 2-4. One of the most striking features of the reef flats off Kamalo is the presence of deep “blue holes” as
well as an aborted attempt to dredge a harbor (square hole near upper right).

“Blue holes” on the reef flat.
One of the unique features of the south Molokai reef is the system of deep "blue
holes" that lie to the east of Kamalō Fig. 2-4. This portion of the reef is bisected by areas of
deeper water. The holes are somewhat in alignment and may be remnants of submerged
valleys that have been partially cut off by reef growth. Perhaps the holes are areas where reef
development was retarded by fresh water and sediment discharged from Kamalō gulch.
Another hypothesis is that the blue holes are "Karst" features caused by ground water
dissolution with consequent undermining of the carbonate reef structure. Eastern (upwind)
vertical faces of the "blue holes" show high coral cover with low cover on the western (wave
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impacted) edge. The coral community growing along the edges of the blue holes is similar in
composition to the coral communities found in Kāne‘ohe Bay, O‘ahu. The dominant coral is
Porites compressa, with a small amount of Pocillopora damicornis, Cyphastrea ocellina and
Montipora spp.
Distribution of corals along the south Molokai fore-reef.

Fig. 2-5. Distribution of reef corals along the fore-reef at a depth of 10 m (30 ft).

Estimated coral cover by dominant species along the 10 m (30 ft.) depth contour is shown in
Fig. 2-5. It is apparent that the coral distribution along the 10 m (30 ft) depth contour is bimodal, with two areas having high coral cover and two areas with very low coral cover. On
the western end of the south Molokai reef the extremely high wave energy from the North
Pacific swell wraps around La'au Point and suppresses coral development (Storlazzi, et. al.,
2003). Coral coverage increases rapidly to the east of Hale O Lono and remains high along
the coastline to Kaunakakai, where a sharp decrease is observed. Coral cover from
Kaunakakai to Kawela is quite low. Coverage increases sharply between Kawela to Kamalō.
The existence of low coral cover between Kaunakakai and Kawela is not easily explained.

Final Report: EPA Grant CD97918401-0 P. L. Jokiel and K S. Rodgers

Page 101

Damage along the Kaunakakai - Kewela sector.
A detailed visual survey was conducted by teams of SCUBA divers from Kauankakai to
Kawela along a series of transects run perpendicular to shore from 30 m (100 feet) to 10 m
(30 feet) (Fig 2-6). Two important features of the coral distribution were noted. First, the
damage increases with depth as we move west from Kawela to Kaunakakai. West of
Kaunakakai and east of Kewela the cover is very high at all depths. Second, the distribution
is essentially bi-modal with either low coverage (0-20%) or high coral coverage (80-100%),
and with a very sharp intervening boundary.

Fig. 2-6. This figure is essentially a view from offshore looking toward the south Molokai reef showing coral
cover from Kaunakakai (left) eastward to Kawela (right) at depths of from 10 m (30 feet) to 25 m (80 feet).

Two hypotheses can be advanced to explain the low coral cover in the Kaunakakai to Kawela
sector of the reef:
Hypothesis 1 is that waves selectively destroyed this section of reef corals. This hypothesis is
difficult to support. The reefs on both sides of the damaged area along this straight coastline
have the same wave exposure, yet these reefs show very high coral cover at all depths. Also, it
is hard to account for the extremely sharp boundaries between areas of low coral cover and
high cover with this hypothesis.
Hypothesis 2 states that construction of the solid-fill Kaunakakai wharf changed the pattern of
long-shore sediment transport and thereby caused the reef to decline. Sediment transport
includes movement of sand bed-load in addition to fine muds and silt. Movement of muddy
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sand down the reef face can bury and abrade corals. The flow of this material moving downslope could create the sharp boundaries observed at the edge of the damaged zone.
The second hypothesis affords an explanation based on what we already know about transport
of sediments along such fringing reefs. Reefs grow and develop in a predictable manner.
Rapid vertical growth cannot occur above sea level, but high coral cover and rapid growth can
continue to extend the reef seaward on the reef face. There is continual production of
carbonate material on the reef flat by calcareous algae, foraminifera, echinoderms, mollusks,
and reef corals. Production of carbonate sediment is accelerated by grazing and bio-erosion
of the framework. A great deal of sediment in the form of rubble, sand and mud will continue
to build-up behind the reef crest on the reef flat. Terrigenous mud from the land is also
carried onto the reef flat. Rejuvenation of the fringing reef system is accomplished by longshore transport of sediments from the reef flat into deep channels where they are carried into
deep water without impacting the reef face. Such reef flat – channel transport systems are
seen throughout Hawai‘i and indeed throughout the world. Fig. 2-7 shows the pattern of
circulation that probably existed prior to human activity. Waves breaking over the reef crest
transport clear oceanic water onto the reef flat (blue arrows). The dynamic head and
prevailing wind direction from the east creates a strong long-shore current into the deep
Kaunakakai Gulch channel. This channel most likely represents a drowned river valley
created during the last low sea level stand. The turbid water and bed-load of sediments are
carried into deeper water during periods of high surf or flooding. However, this pattern has
been disrupted by human activity.

Fig. 2-7. Wave action over the reef crest produces flow of clear oceanic water (blue arrows) onto the reef flat.
The resulting current drives suspended sediment and bed-load of sand and mud along the shoreline (red arrows)
and eventually into the Kaunakakai Gulch deep channel where it is transported into deeper water.
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Shoreline structures (fishponds) were constructed during the period before western contact.
The ponds retain some of the terrigenous mud that normally would have been quickly
removed by the long-shore current system. The storage capacity of the ponds is limited and
cannot possibly hold all the soil that has come down the streams over the past millennium.
These structures created barriers to long-shore flow that resulted in pockets of mud on the
upstream and downstream sides of the fishponds as shown in Fig. 2-8. The ponds serve as
groins and impede long shore transport. Extensive agriculture on the watershed at that time
increased the rate of erosion and sediment delivery to the reefs compared to conditions that
existed prior to the arrival of humans (Roberts 2000).

Fig. 2-8. Shoreline structures (fish ponds) and increased terrigenous sediment input result in disruption of the
long-shore current system along the beach with consequent buildup of inshore sediment.

The construction of a solid-fill causeway and dock area in recent times has totally blocked
the original long-shore transport of sediments into the Kaunakakai Gulch channel (Fig. 2-9).
Sediments have accumulated and formed a beach along the east side of the causeway in an
area that previously was deep enough to float small vessels (Joe Reich, personal
communication). Turbid water and the associated bed-load of mud and sand (red arrows) now
must exit the reef system over the reef face. Movement of sand and other sediments offshore
as small “dunes” (especially during storm wave events) provide a mechanism for intermittent
burial and uncovering of corals that could readily explain the pattern of reef damage (Fig. 25).
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Fig. 2-9. Under present conditions wave action continues to bring clear oceanic water onto the reef (blue
arrows), but long-shore flow is diminished. Blockage of transport of sand and sediments into the deep channel
causes extensive sediment buildup on the reef flat. Movement of turbid water and bed-load sediment transport
must occur over the reef face (red arrows), with consequent destruction of coral cover.

Reef Structure, Habitat Classification:
Reefs along the north and west coasts of Moloka‘i are poorly developed due to frequent
disturbance from the winter north and north-westerly swells. In addition, much of the north
coast is undergoing erosion due to wave undercutting and slumping of volcanic material, a
process that is continuing to this day. Reef accretion cannot occur under these conditions. The
south coast, however, is protected from the north and northwest swells because of the
elongate E-W structure of the island. The south coast is protected from severe south swell by
the presence of Maui and Lānai, which block waves from the south. An extremely well
developed fringing reef exists along the entire south coast of Moloka‘i. The waves generated
by North Pacific swells wrap around the south shore at either end of the island, which
accounts for the 5 km outward pinch at the east and west ends.
The reefs off south Moloka‘i include the reef flat, reef crest and the fore reef. The horizontal
reef flat extending from the shore to the reef crest typically has low coral cover. This is the
zone most influenced by terrestrial runoff and associated sedimentation. The reef crest is
located where deeper water waves break (1-4 m) and is more irregular and more difficult to
define than the inner reef flat. Large colonies of coral can be found along this crest.
Exposure at low tide may occur in some areas of the reef crest. The fore reef extends to
depths of approximately 30 m and typically has the highest coral cover of the three zones.
Spur and groove morphology typify this region (Storlazzi et al. 2001). The reef spur and
groove orientation is perpendicular to shore. These grooves act as a channel, transporting
sand offshore. Coral growth is common on the raised spurs.
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Oceanographic and Meteorological Conditions:
The south shore of Molokai is protected from large swell from the north. The NE trade winds
bend around the eastern end of the island and tend to run parallel to the south shore. These
winds increase during the day and generally die out at night. Therefore the reef flat
experiences more wave action and more re-suspension of the mud during midday. Wind
driven currents generally run from east to west. A more detailed description is as follows:
Wave and Current Regime:
The dominant wave regimes and their wave direction for the Hawaiian Islands are the North
Pacific Swell (320o), Kona Storm waves (170o), Southern Ocean Swell (180o) and Tradewind
Swells (50o). The North Pacific Swell has a large impact on the north, west, and east sides of
the islands. In contrast, the south shores of the Hawaiian Islands are protected from this swell
which produces high bed sheer stress. The reef structures on southern shores have developed
in a significant wave shadow.
An extensive fringing reef has developed off the south shore of Moloka‘i. The crest of this
reef extends up to 1500 m offshore and approximately 50 km across the south shore. The
dominant wave regime that appears to be the forcing function controlling coral reef
development occurs in the winter months. The North Pacific Swell generates high velocity
waves that inhibit substantial coral development in waters less than 10 m. The central section
of the reef is protected from this swell while a wrap-around effect occurs at both the east and
west ends of the island. In these sections the reef gradually narrows and eventually
disappears. Thus, the ends of the island experience substantially greater wave energy that is
reflected in the species, morphology and abundance of corals occurring there (Storlazzi et al.
2001).
Wave energy is an important factor controlling development of coral reef communities (Grigg
1983). Anomalous and extreme wave events such as hurricanes can fragment and remove
corals, but such catastrophic events are very infrequent. The normal wave regime is of greater
importance over the long run. Many fast-growing species do not recruit, grow or survive in
high wave energy regimes. Corals adapted to high water motion cannot compete effectively
in low water-motion environments (Maragos 1972). Each species will modify its morphology
to environmental conditions, so the prevailing wave regime shapes the structure of the coral
community. For example, the growth form of the coral Montipora capitata is delicate and
branching in calm water, but becomes encrusting in high water motion areas.
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Fig. 2-10. The force of large storm waves from the North Pacific scours the bottom and prevents reef
development off the north coast of Molokai (left) at Kalaupapa, Molokai. In contrast, the wave-protected south
coast has thick beds of fragile branching corals (photo on right taken at Palaau).

In extreme situations, wave impact retards or prevents establishment of reef coral
communities. The extreme North Pacific swell that strikes the north coast of Molokai during
the winter months has enough energy to remove boulders the size of trucks (Fig. 2-10). Such
waves can fragment and abrade all except the most wave-resistant coral species, which persist
in a few locations on outcrops and in protected recessed areas where wave force and abrasion
are minimized. The elongate east to west orientation of Molokai shields much of the south
reef from the North Pacific Swell. North Pacific swell does wrap around the extreme east and
west ends of the island, influencing reef development in these areas (Storlazzi et al., 2001)
The southeast coast from Kamalo to Halawa Point is severely impacted by the large Northeast
Trade Wind Swell passing through the Pailolo Channel. The south coast falls into the "wave
shadow" of surrounding islands, but is potentially vulnerable to the infrequent storm waves
associated with hurricanes or "Kona" storms from the south. Hurricane Iwa caused extensive
damage to the Kaunakakai wharf during late November 1982 and presumably damaged the
surrounding fragile reefs (Joe Reich, personal communication). A paradox is that such
extreme events can also remove years of accumulated sediments and thereby rejuvenate coral
growth on a reef.
Human Use Patterns:
Sustenance fishing is the major activity on Moloka‘i reefs (Baker, 1987). A variety of
techniques ranging from trolling, bottom fishing, netting and spearing are utilized. Gathering
of limu (seaweed), shellfish and crustaceans is widely practiced. A limited amount of
commercial catch is sold locally with some being air flown to Honolulu markets. Local
inhabitants use the reefs for recreational swimming and surfing. Only one commercial dive
tour company is in operation. Fishing charters operate from Kaunakakai wharf.
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Historical Land Use
The southeast region of Moloka‘i has experienced extensive environmental change
throughout its history of human habitation. This kona district sustained the largest population
on the island of Moloka‘i due to its rich alluvial soils conducive to agricultural activities.
Hawaiians on all the main Hawaiian Islands modified the landscape with agriculture
and harvesting practices. Low-land forests were cleared and native vegetation replaced with
Polynesian introductions. Slash and burn techniques were used to clear lands for taro and
other crops. Fire was also used to encourage the growth of pili grass used in house thatching.
Terracing of slopes and diversion of streams for wetland taro farming was extensive. These
terrigenous modifications also affected the nearshore environment altering the rates and
patterns of sediment distribution. The effect was thought to be minimal during early time
periods due to low levels of population.
Moloka‘i was first settled in approximately 600 BC. The first inhabitants settled on
the eastern end and eventually moved westward on the south coast. Between 600 and 1000
BC there is no archeological evidence of large settlements, only of widely scattered
residences. The population is believed to be small up to this time.
Between 1000 and 1400 BC major landscape changes occurred. Terracing for
agricultural purposes expanded. Over 50 fishponds were completed during this time period.
They ranged in size from a few acres to several hundreds of acres. Depths ranged from 1 to
10 meters.

Fig. 2-11 The south coast of Moloka‘i with fishponds (top) and as it existed before fishponds
were constructed (bottom). From Roberts (2000).
The extent of these fishponds was great, covering and modifying large sections of the
coastline (Fig. 2-11)(Roberts 2000). Both down-slope and along-shore sediment transport
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patterns were altered. Many of these fishponds formed catchment basins for terrigenous
sediments. Sediment transport along shore is dependent on wind strength and direction,
nearshore currents and fishpond size and shape.
The population of the Hawaiian Islands grew rapidly with estimates by early
Europeans of several hundred thousand. As population expanded so did the demand for
resources and the accompanying environmental changes.
Modification of the environment accelerated with the arrival of the Europeans
beginning in the 1770’s with Capts. Vancouver and Cook. With the arrival of foreigners
came private landownership and its associated problems.
The primary factor responsible for changes to the environment was the introduction of
ungulates. Goats were first left on Ni‘ihau as a food source by Capt. Cook in 1778. In close
succession, they were left on several other islands by Capts. Vancouver and La Perouse.
Horses, cattle, pigs and sheep joined them shortly and they thrived and multiplied. Along
with these introductions, Moloka‘i had deer transported from Japan as a gift to Kamehameha
V from the Duke of Edinburgh in 1870. With protection under the kapu system the herd
quickly increased.
Since native Hawaiian plants had not adapted to pressure from grazing animals, a vegetation
shift to introduced, alien species occurred. In absence of natural defenses populations of
endemic plants quickly declined. Vast areas were left barren due to compaction of soils that
increased runoff and accelerated erosional processes. Loss of nutrient rich topsoil
exacerbated the problem, inhibiting recovery of the system. As a result of deforestation,
perennial streams became ephemeral or intermittent altering the microclimates in the region.
Another major alteration of the forests were a result of the lucrative sandalwood trade. Along
with direct harvest of adult trees, saplings were destroyed by gatherers to prevent future
exploitation of labor.
Clearing of land for sugarcane plantations destroyed much of the remaining native vegetation.
Introduced insects and disease made agriculture difficult long after the sugar industry was
abandoned. This further accelerated erosion of soils and deposition onto the coastal reefs.
The last 100 years have seen rehabilitation efforts with varying degrees of success. The
introduction of mangroves (Rhizophora mangle) in the early 1900’s was an effort by the sugar
companies to stabilize the increasing mudflats in south Moloka‘i.
During this same period, the largest private landowner, Moloka‘i Ranch attempted to limit the
number of feral animals and alternate grazing lands.
The Moloka‘i Forest Reserve was created in 1912 in a collaborative effort by private
landowners and the government to allow recovery of overgrazed lands. Fencing to block
access of some of the southern watersheds to feral animals was the focus of this rehabilitation
effort (Roberts 2000).
Although recent efforts at restoration of fishponds have been made, very few are candidates
for restoration due to severe eutrophication, which has filled many ponds with silt and the
overgrowth of the invasive mangrove.
Due to high nutrient levels east of Kaunakakai, alien algae have invaded reefs once populated
by native species.
Large quantities of terrigenous silt continue to enter the nearshore reefs following high
rainfall events. Benthic sediments are continually resuspended with currents and waves in
some regions.
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Economic Value and Social Benefits:
Sustenance fishing is an extremely important economic activity to the local population
(Baker, 1987). Small commercial fishing operations and fishing/dive charters exist on
Moloka‘i, but are not a major economic feature.
The main factors that determine the distribution of fishing are the physical reef environment
and the locally established territoriality. The south shore of Moloka‘i’s fringing reef is
composed of channels and deeper areas that fish can use to transit from deep to inshore
waters. Except at extremely low tide, fish can move freely from the reef flat to the reef crest
and offshore waters without physical barriers. Reef topography however, does physically
restrict certain types of fishing. Throw nets, surround and gill nets are mainly used on the
shallow reef flat due to their ineffectiveness in deeper waters. Range and accuracy of fishing
gear must increase in deeper waters to catch the bigger and faster fishes in this area. Traps
constructed on the reef flat to corral fishes (bull pen) must be placed in areas devoid of coral
heads and loose rubble.
Lacking traditional fishing rights, Moloka’i relies heavily on local sanctions and traditions.
Increased competition with sustenance fishermen from recreational fishermen has resulted in
a decline in fisheries resources. The large schools of moi, mullet and akule once inhabiting
the reef flats have diminished due to an increase in fishermen and lack of restrictions. This
decline has been attributed to commercial and sport fishermen from nearby islands. Some
local subsistence fishermen have acted upon their hostility towards these outsiders (Baker,
1987).
Status (Degree of Legal Protection):
No Marine Life Conservation Districts exist on Moloka‘i. A portion of Kaunakakai harbor is
restricted to certain types of fishing activity. Authority for managing the marine resources
within three miles (4.8 km) of Moloka‘i lies with the Division of Aquatic Resources,
Department of Land and Natural Resources (http://www.state.hi.us/dlnr/dar/). All laws
pertaining to the management of state marine resources apply (see pamphlet "Hawaii Fishing
regulations, September 1999", 51 pp. available from Division of Aquatic Resources,
Department of Land and Natural Resources, Kalanimoku Building, 1151 Punchbowl St., Rm.
330, Honolulu, Hawai‘i).
Management Concerns:
The major concern is improper land use practices that have led to accelerated erosion and
increased nutrient input. From a historical perspective the problem was overgrazing by cattle,
sheep and horses. Overgrazing led to loss of vegetation and extremely high erosion rates.
The introduction of plantation agriculture (sugarcane and pineapple) led to vast tracts of land
under cultivation that were subject to erosion during heavy rains. Large-scale agriculture has
now been replaced by small-diversified operations that tend to reduce the erosional process.
In recent decades, populations of feral ungulates (goats, pigs and deer) have grown out of
control and are denuding many areas of vegetation. Construction of the solid-fill Kauankakai
causeway appears to have blocked shoreline transport of sediments and caused an
accumulation to the east of the causeway. In the past, dredging of reefs in the area of Kamalo
and Pukoo impacted reefs in the area.
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Overfishing
Fishing pressure is relatively light compared to some of the other islands, but the local
population depends heavily on this resource for sustenance fishing. Some local inhabitants are
concerned about overfishing by boats that come to Moloka‘i from other islands and harvest
using extremely long stretches of gill nets. It is important to them that the reefs are healthy
and not overfished.
Sedimentation
Impact of land-derived sedimentation on the coral reefs of south Moloka‘i has been and
continues to be the major environmental concern on Moloka‘i. A related issue is the role of
the Kaunakakai causeway in blocking the shoreline transport of sediment, nutrients and other
land-derived materials with consequent degradation of the reefs. Sediment from prior land use
practices are discharged onto the reefs during infrequent but intense rainfall events. The
impact of sediment on the reefs and the understanding of sediment dynamics are important to
managing the condition of the reefs. Most coral have adapted to tolerate low levels of
sedimentation. High wave energy regions can flush sediment away from coral colonies.
Some corals can move particles away from the colony using their tentacles. Others produce
mucous to shed silt from their tissues. Still others are known to efficiently ingest sediment
(Anthony 2000). Yet, large amounts of sedimentation can be debilitating to corals. Both
short-term and long-term lethal and sub-lethal effects to corals have been reported. Adverse
effects can occur at all life stages.

Fig. 2-12. Large sediment plumes form along the south coast of Molokai after heavy rains.
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Coral survival is affected by particle size, sediment type, and intensity and duration of the
event. Habitat location has been demonstrated to be a dominant influence in coral tolerance
to sedimentation. Species of corals found near the coast have greater ability to remove
particles than species found in deeper, less turbid waters. Species with smaller polyp size are
known to be less capable in particle removal (Te 2001).
Water motion transports particles across coral colonies. Transported particles can cause
damage to the tissues of corals through physical abrasion. Scratches and lesions result from
continued exposure to sediment. This can result in a change in morphology from foliose or
lobate forms which foster sediment accumulation, to branching, vertical morphologies less
prone to sediment retention.
Coral mortality can occur from smothering by sediments over short periods of time. Burial
suffocates corals by preventing nutrient and oxygen delivery to tissues. It also blocks out
sunlight critical to coral survival. When limited resources are diverted to repair and survival,
other metabolic processes may suffer. Energy previously expended for growth and
reproduction now shift to deal with life threatening priorities. Polyp and tentacle retraction
and extension has been reported in some species of corals when exposed to high levels of
sedimentation. Mesenterial filaments used primarily in digestion and defense in corals are
extruded in turbid conditions (Brown and Howard 1985). Continuous exposure to high levels
of sediments can result in tissue regression and eventually a total shutdown response.
Pathological infections and tumors can result from increases in sedimentation. Chemical
pollutants associated with sediments have been associated with “black band disease” (Brown
and Howard 1985).
Sediments in the water column cause turbid conditions that reduce available light reaching the
benthic substrate where corals reside. Light is vital to corals since they live in a low nutrient
environment that is highly competitive. Reef-building corals compete by maintaining a
symbiotic relationship with a tiny, single celled algae known as zooxanthellae. This
dinoflagellate that resides in the tissues of its coral host, provides energy in the form of
carbohydrates to the coral. Corals also supplement this feeding by actively feeding on tiny
zooplankton or dissolved organic nitrogen. The zooxanthellae also remove waste products
from corals which they then use in photosynthesis. The zooxanthellae benefit by receiving a
safe place to reside. They are also provided protection from harmful UV rays by the
microsporine-like amino acids that the corals produce that act like a suncreen. Sedimentation
restricts photosynthesis and increases respiration rates retarding growth rates in corals (Davies
1991).
Spawning in corals has been linked to light dependent diurnal/nocturnal length and lunar
periodicity. Typical spawning patterns can be altered and gametic release curtailed by
reduced light levels due to increased turbidity.
Light reductions due to increased sedimentation have been reported to lower calcification
rates of corals (Davies 1991). A decline in photosynthetic rates and gross production have
also been linked to decreases in light (Edmunds and Davies 1989).
Under stressful conditions, corals will expel their zooxanthellae that give them their
coloration. This “bleaching” can occur from changes in temperature, salinity, or light levels.
If ambient conditions do not return, mortality can occur in a period as short as a few days
(Brown and Howard 1985).
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Coral larvae recruit and attach to hard substrate. In areas with high levels of sedimentation,
soft, shifting benthos prevents larval survival. An inverse relationship has been established
between sediment loading and coral recruitment (Gilmour 1999). Chronic sedimentation
will result in “polyp bail-out” where individual polyps will abandon their skeletal structure.
Recent research has identified lethal and sub-lethal effects to corals from substances
associated with sediment (Glynn et al. 1989, Te 2001). Some of these effects are due to
factors related to sediment runoff. Particles can act as substrate for chemicals. These
substances attach to sediment and are carried into the water column, where they can produce
adverse secondary effects for corals.
Agriculture and construction can add pesticides, fertilizers, and petroleum products to the
oceans. These pollutants carried in sediments can affect settlement, recruitment, and
survivorship of coral larvae. Even low levels of these toxins can dramatically affect
morphology and physiological processes of corals (Glynn et al. 1986).

Fig. 2-13. dredging. Impact of sediment from dredging on the reefs of Kamalō (see Fig. 2-4 for aerial photo).

Kamalō was a prime fishing area with extensive coral cover prior to a series of aborted
dredging operations in the area that began in the late 1960's. The dredging occurred near the
Smith-Bronte landing area on the inner reef flat east of Kamalō near Kalae Loa Harbor. The
prevailing westward currents carried silt from the dredge operation down the coast and well
past Kamalō (Fig. 2-13). The fine silt covered reefs down-current, killing the coral. The area
took on the appearance of a wasteland. Everything was covered with fine silt and the fish left
the area (Joe Reich, personal communication). Even after the company went bankrupt and
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abandoned the dredging operation, the fine sediments continued to remobilize whenever the
wind and waves increased. Chronic turbidity and sedimentation prevented any recovery of
the reefs for many years. As fine sediments were winnowed out and transported offshore, the
area slowly began to improve. Reefs showed signs of recovery by mid 1970's. Recovery was
well underway by early 1980's with full recovery by 1990. The reefs off Kamalō presently
appear to be "pristine", but much of the area actually represents a regenerated reef that was
heavily damaged by siltation.
Sediment Contamination
Toxicity tests were performed from marine sediment deposits on the south shore of Moloka’i.
The sediment from the Kamiloloa region where large amounts of sediment is deposited and
re-suspended, had the highest toxic effects on sea urchin fertilization and embryonic
development. The sediment tested from Kawela resulted in moderate toxicity to fertilization
but not to embryonic development. This is likely due to the type of contaminant. Zinc, lead
and silver have strong effects on fertilization but not on embryo development. Sediment
samples were not taken from the Kaunakakai area.
Along with other lethal effects of sedimentation, contamination can result in both lethal and
sub-lethal effects throughout the food chain. Since these compounds bind to fine-grained
particles and can bioaccumulate in biota, they can move rapidly through the food chain from
the benthic populations to the top predators, affecting the entire ecosystem. Since these finegrained particles are not flushed out in this region, they may pose a threat to the biological
community between Kaunakakai and Kawela (Carr and Nipper, 2002).
Introduced Species
Three species of introduced algae were documented by the University of Hawai’i’s Botany
Dept. in 2000 on the south shore of Moloka‘i. These alien species included: Acanthophora
spicifera, Hypnea musciformis, Gracilaria salicornia and possibly a non native species of
Halophila.
The Florida Red Mangrove was introduced in an attempt to stabilize mud shorelines on
Moloka‘i. These plants have spread throughout the State of Hawai‘i and are often considered
to be an invasive alien species.
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Fig. 2-14. Introduced Algae Distribution on Moloka’i (Courtesey of Jennifer Smith, UH Botany Dept.)

Noteworthy Biota or Ecological Conditions:
During 1969-1970 a large aggregation estimated to consist of 20,000 Acanthaster planci
occurred off south Molokai (Branham et al. 1971). They were feeding selectively on
Montipora capitata. The major starfish infestation occurred on the rich coral reefs between
Kawela and Kamalo. The proportion of dead coral colonies, however, did not increase
appreciably during the time of observation. At that time the coral cover in the area was
estimated visually and was reported to be approximately 90% Porites compressa and about
5% Montipora capitata. The area of uniform coral cover was reported to be approximately 1
km wide and extended to depths of 30m where the bottom become a sandy slope. This
description generally fits conditions that exist today, so major changes have not occurred in
the reefs in the past 30 years. The State of Hawaii Department of Fish and Game undertook
extensive surveys and eradication efforts over the next few years (Onizuka 1979). Divers
killed a total of approximately 26,000 starfish between 1970 and 1975 by injecting them with
ammonium hydroxide. Additional surveys were conducted throughout the State of Hawaii,
but no other infestations have been detected.
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Fig. 2-15. Adult Acanthaster planci or "Crown of Thorns Starfish" off Kamiloloa, Molokai feeding on the coral
Montipora capitata.

The introduction of mangroves along the south shore and subsequent formation of thick
mangrove forests to the west of Kaunakakai is of interest to ecologists. The impact of the
mangroves on shoreline processes and the ecology of the inshore area is undergoing further
study at present.
Historical and Cultural Importance:
Moloka‘i has been called "the last Hawaiian place" because the life style has not been
impacted by urbanization and tourist development. Many residents are working to protect
Moloka‘i from changes that would alter their way of life. The island is largely rural.
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Fig.2-16. South Moloka‘i fishpond

Numerous Hawaiian fishponds, loko i‘a exist along the south shore. These are believed to
have been built between 1500 - 1800 AD with some possibly dating back to the 13th century.
The Hawaiians engineered, created and used sophisticated aquaculture in over 60 fishponds in
South Moloka‘i. The loko i‘a were constructed of basaltic and coral boulders to form a semicircular structure that allowed water and nutrients in but kept the fish within the ponds. The
privileged royalty or ali’i were the only ones allowed access to the bounty.
Fifty-two fishponds are reported to exist on the south shore of Moloka‘i (Wyban, 1992).
Most are partially filled and in various states of repair. In the 1980’s the Dept. of Land and
Natural Resources undertook a study to determine the best use of Moloka‘i’s remaining
fishponds. The recommendations included dredging for marinas, and filling to create land for
private homes, shopping centers and hotels. At this time Walter Ritte became involved in the
restoration of some of these ponds. The non-profit organization, Hui o Kuapa, was created in
1984 for the community to restore the fishponds. Several fishponds were restored including
‘Ualapu’e, Honouliwai, Keawanui, Panahaha, and Kahinapohaku. This raised the level of
awareness in the local community. Research and education have continued and resource
management values are now dedicated to the preservation of these engineering wonders.

Final Report: EPA Grant CD97918401-0 P. L. Jokiel and K S. Rodgers

Page 117

Fig. 2-17. Restored South Moloka‘i fishpond

Keawanui (55 acres) and Ualapu’e (22 acres) have been placed on the National Registry of
Historical Landmarks. The Kakahaia fishpond has been made an official bird sanctuary for
the protection of wetland wildlife. This is a 15 acre freshwater pond with 42 acres of
surrounding marsh. Along with the officially restored ponds, several fishponds are currently
being used by local residents for various aquaculture projects.
Scientific Importance and Research Potential:
Moloka‘i is clearly one of the best locations in the State of Hawai‘i to study the effects of land
derived sedimentation on coral reefs. Further, the wide fringing reef along the south coast is
the longest and best-developed fringing reef in the main Hawaiian Islands. There are many
questions about why and how such a massive reef structure has developed. Thus, it has
become a focal point for joint UH-USGS studies of reef dynamics in Hawai‘i. USGS is
investigating geologic processes and quantifying the recent growth history and change of the
reefs. Thematic mapping is being used to gain insight into reef history, forcing functions and
to assess reef condition. Accurate bathymetry and topographic data are also being generated.
Sedimentation and geologic processes have been examined.
The Coral Reef Assessment and Monitoring Program have established 3 permanent
monitoring sites at two depths to track temporal changes in coral reef communities. In
addition, two shallow photoquad sites have been established to monitor growth, mortality and
recruitment of corals on the colony level. These sites that were established in 2000 are being
monitored on an annual basis. Twenty-eight rapid assessments at four sites were conducted in
2002 to determine spatial differences in community structure.
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Comments: Alternate title to: Final environmental impact statement on the Kalamaula
landfill closure project.
Baker, Michael E. 1987. Backyard fishing on the south coast of Moloka'i. MA Thesis,
University of Hawaii at Manoa, Honolulu, 128 pp. - Call Number: UH MANOA CB5 .H3
no.1865
Abstract: On Moloka'i, the ways and means by which a community of local islanders
defray the costs of everyday living center around the methods and technologies they
employ for harvesting fish of the local nearshore zone. This thesis is an empirical
examination of Moloka'i fishermen's activities in the nearshore coastal zone. It is a humangeographical study based on personal observations and participation in the fishing
activities and life experiences of fishermen. It presents a series of alternate community
derived nearshore management strategies offered as options for enhancing current State
fisheries regulations. This work documents the management and use of local Hawaiian
fisheries through careful examination of the personal actions, expertise, and beliefs of
fishermen. It is at once a record of the special local fishing practices and management
activities and a survey of rural community's perceptions of and ideas about the future use
and maintenance of fringing reef fisheries of Moloka'i. It is intended to provide insights
into the subtle connections between human behavior and one facet of the relationship to the
physical environments within which rural Hawaiian fishing communities created a
livelihood. This is an account of the actions and ideas of a community of fishermen whose
contribution to our understanding of the coastal zone has been largely ignored in modern
times. Therefore, it is the purpose of this work to a) increase the small body of
contemporary research based on local knowledge about the use and mangement of tropical
nearshore seascapes, b) gather a body of information to complement existing studies based
on the personal knowledge and experiences of a community of Hawaiian island fishermen,
c) encourage community participation in scientific research projects and decision making,
and d), to build a record of the special fishing and resource management techniques used to
sustain a rural lifestyle that seems to be rapidly disappearing.
Baldwin, Wayne J 1984. A Note on the Occurrence of the Gold Spot Herring,
Herklotsichthys quadrimaculatus (Ruppell) in Hawaii Pacific Science, 38(2): 123-126 Call Number: UH MANOA QH1 .P33
Comments: The occurrence of the gold spot herring, Herklotsichthys quadrimaculatus, is
reported for Hawaii from the islands of Oahu, Molokai, and Lanai. This species was first
collected in Kaneohe Bay, Oahu in 1975, and appears to have largely replaced the
Marquesan sardine, Sardinella marquesensis, introduced to Hawaii in the 1950s. Notes on
the separation of the gold spot herring from other Hawaiian clupeids are provided in
addition to a comparison of the Hawaiian specimens with specimens of gold spot herring
from Red Sea and tropical Pacific localities.
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Barry, JH 1991. Characterization of deep sand deposits in the tropical reef environment of
Hawaii. MTS '91. AN OCEAN COOPERATIVE: INDUSTRY, GOVERNMENT, AND
ACADEMIA.PROCEEDINGS. NEW ORLEANS CONVENTION CENTER,
NOVEMBER 10-14, 1991.,MTS, WASHINGTON, DC (USA), 1991, pp. 579-585, 1991
Marine Technology Society Conf. - Call Number: UH MANOA TC1505 .M77 1991
Abstract: The Ocean Basins division of the Marine Minerals Technology Center has
completed 440 km of high-resolution seismic surveys of three areas off the south shores of
Oahu and Molokai. The objective of these surveys was to develop the techniques necessary
to map the resource potential of deep sand deposits. Seismic surveys were followed by
ground-truth surveys which included deposit probing that did not show good correlation
with interpretations of the seismic data. The transition from unconsolidated to consolidated
sand does not appear to have a clear acoustic signature. While new deposits were found off
Molokai on Penguin Bank, resource estimates off the south shore of Oahu must be
reduced.
Grigg, R. W. and Jones, A. T. 1997. Uplift caused by lithospheric flexure in the Hawaiian
Archipelago as revealed by elevated coral deposits Marine Geology [Mar. Geol.], vol.
141, no. 1-4, pp. 11-25, 30 Sep 1997 - Call Number: UH MANOA QE39 .M3
Abstract: The presence of definitive indicators of sea level such as corals found in growth
position, coralline beach deposits, wave-cut notches and wave-eroded terraces, all at
elevations above known levels of eustatic sea level during the past 500 ka, provide strong
evidence that uplift has occurred in the central high Hawaiian Islands. Lithospheric flexure
is proposed as the mechanism for uplift. The modeled wavelength and amplitude of flexure
roughly corresponds to the distance and height of elevated coral-rich deposits. A trend of
increasing age of coralline beach deposits with elevation on Oahu and Molokai adds
support to the uplift hypothesis. Data and observations presented in this paper are
inconsistent with a tsunami origin for most elevated deposition Lanai, Molokai and Oahu.
A giant wave origin may only apply to scattered and localized deposits concentrated in
low-lying gulches(<100m), such as those on Lanai
Moore, Andrew L. 2000. Landward fining in onshore gravel as evidence for a late
Pleistocene tsunami on Molokai, Hawaii Geology, vol. 28, no. 3, p. 247, Mar 2000 - Call
Number: UH MANOA QE1 .G528
Abstract: A conglomerate on the south coast of Molokai, Hawaii, has simple trends in
carbonate-clast abundance and size that are explained better by tsunami deposition than by
shoreline uplift. The conglomerate extends as much as 2 km inland, and to 72 m above
present sea level. It consists mainly of basalt boulders derived from underlying bedrock but
also contains carbonate pebbles and cobbles derived from coral reefs. Whereas basalt clasts
display no vertical or lateral trend in size, carbonate clasts decrease in abundance and get
smaller with elevation and distance from shore. The origin of the conglomerate is
controversial; it may have been produced by either a single tsunami, or by wave action at
multiple higher sea levels on Molokai. The deposit is best explained as the result of a
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single tsunami because only such a tsunami could move large grains so far inland and
produce a simple trend in carbonate clasts while imparting no trend to the basalt clasts.
Smith, M.K 1993. An ecological perspective on inshore fisheries in the main Hawaiian
Islands Marine Fisheries Review, vol. 55, no. 2, pp. 34-49, 1993 - Call Number: UH
MANOA C 55.310
Abstract: A description of fisheries within a depth of 100 fathoms is provided for the eight
southeastern-most islands of the Hawaiian Archipelago, known as the main Hawaiian
Islands (MHI). These are the inhabited islands of the State of Hawaii and are those most
subject to inshore fishing pressure, because of their accessibility. Between 1980 and 1990,
an average of 1,300 short tons of fishes and invertebrates were reported annually within
100 fm by commercial fishermen. Total landings may be significantly greater, since
fishing is a popular pastime of residents and noncommercial landings are not reported.
Although limited data are available on noncommercial fisheries, the majority of this review
is based on reported commercial landings. The principal ecological factors influencing
fisheries in the MHI include coastal currents, the breadth and steepness of the coastal
platform, and differences in windward and leeward climate. Expansive coastal
development, increased erosion, and sedimentation are among negative human impacts on
inshore reef ecosystems on most islands. Commercial fisheries for large pelagics (tunas
and billfishes) are important in inshore areas around Ni'ihau, Ka'ula Rock, Kauai, and the
Island of Hawaii (the Big Island), as are bottom "handline" fisheries for snappers and
groupers around Kauai and Molokai. However, many more inshore fishermen target reef
and estuarine species. Trends in reported landings, trips, and catch per unit effort over the
last decade are outlined for these fisheries. In heavily populated areas, fishing pressure
appears to exceed the capacity of inshore resources to renew themselves. Management
measures are beginning to focus on methods of limiting inshore fishering effort, while
trying to maintain residents' access to fishing.
Way, Carl M.; Burky, Albert J.; Harding, Juliana M.; Hau, Skippy; Puleloa, William
K.L.C 1998. Reproductive biology of the endemic goby, Lentipes concolor, from
Makamakaole stream, Maui and Waikolu stream, Molokai Environmental Biology Of
Fishes. Jan., 1998; 51 (1) 53-65 - Call Number: UH MANOA QL614 .E5
Abstract: Constant pressure in Hawaii to use limited freshwater resources has resulted in
increasing concern for the future of the native stream fauna. Hawaiian freshwater gobies
have an amphidromous life cycle with a marine larva period and require streams which
flow continuously to the ocean for the critical reproductive periods and during recruitment.
As such, the stream fauna is particularly sensitive to any anthropogenic perturbations
which disrupt the continuity of stream flows. The objective of this 2-year study was to
compare the life cycles of the goby, Lentipes concolor, from a heavily diverted stream on
Moloka'i and a relatively undisturbed stream on Maui. In Makamaka'ole stream, Maui, the
population of L. concolor was reproductively active all year with females potentially
spawning 2-3 times annually. The timing of spawning did not occur consistently during the
wet or dry season but coincided with high stream flow conditions regardless of time-ofyear. In Waikolu stream, Moloka'i, the reproductive pattern was more variable with the
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number of reproductively active females ranging from 0% to 100%. In general the number
of eggs was greater and egg size smaller for female L. concolor in Waikolu stream than in
Makamaka'ole stream. However, female reproductive condition of L. concolor from Maui
was consistently higher than from fish on Moloka'i. Reproduction of L. concolor in
Makamaka'ole stream was correlated with the seasonal pattern of flow rates with peaks in
female reproductive condition associated with periods of elevated discharge. No
correlation between reproduction and discharge occurred in Waikolu stream. There were
considerable differences between the magnitude of discharge in the two streams. Waikolu
stream experienced prolonged periods of extremely low flows which have become
common since the Moloka'i irrigation system began diverting water from the stream in
1960. In Makamaka'ole stream, L. concolor was capable of reproducing throughout the
year and adjusting fecundity in response to stream flow conditions. In contrast, the
population in Waikolu stream appeared to have a 'boom or bust' reproductive pattern; the
population had reduced or no reproduction when stream flow conditions reached extreme
low levels, but the population successfully reproduced during higher flow months. The
diversion structure in Waikolu stream has dampened the natural seasonal discharge cycle,
exacerbated natural low flow conditions, and increased the likelihood of prolonged periods
of extremely low flow. Stream management practices in the Hawaiian islands must take
into account the complex life cycles and sensitivity to variable stream flow conditions of
the native fauna.
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2.1 Sector: Watershed: Kamalō

Fig. 2.1-1. Chart showing Kamalō coastline. Red arrows show location of transect sites.

Fig. 2.1-2. 1993 NOAA aerial photo of the Kamalō area with characteristic “Blue Holes”. Image provided by
Steve Rohmann.
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Geographic Name: Kamalō
Geographic Location: South coast of Moloka‘i (21° 02.3 'N, 156° '53.8W)
Population: 305
Watershed: Kamalō

Area in Acres: 8,749

Fig. 2.1-3. Map of Kamalō watershed

Perennial Streams: Kamalō Stream

Fig. 2.1-4. Map of perennial streams within Kamalō watershed

Page 127

Final Report: EPA Grant CD97918401-0 P. L. Jokiel and K S. Rodgers

Page 128

Physiography:
This site lies below the crest of the extinct eastern volcano. The peak above Kamalō is named
Kamakou, and is the highest point on Moloka‘i (1515 m or 4970 ft). Inland the steep
mountain slopes are deeply eroded and cut by numerous gorges. The slopes are dry at lower
elevations, with higher rainfall and nearly pristine forest farther upslope. The coastal plain
here is the widest on Moloka‘i, and was formed from alluvial material deposited by the
Kamalō Gulch. The shoreline consists of extensive muddy sand beaches. Offshore is a
fringing reef varying in width from one half mile to one mile. The inner part of the reef flat is
silty sand. The outer portion is deeper with coarser sediments, increasing in coral cover near
the outer margin. The reef slope shows good coral cover.
Unique features of the area are the "blue holes" that lie to the east of Kamalō. This portion of
the reef is bisected by canyons that appear to be submerged valleys or areas where reef
development was retarded by fresh water and sediment discharged from Kamalō gulch.
Another hypothesis is that the blue holes are "Karst" dissolution features undermining the
carbonate reef structure. Eastern (upwind) vertical faces in the "blue holes" show high cover
by Porites compressa with low cover on the western (wave impacted) edge.
Reef Structure, Habitat Classification:
This area is characterized by an extremely wide reef flat with reef crest and fore reef
extending out as a shelf. The reef flat has unique "blue holes" as discussed above. The
offshore areas being monitored as CRAMP sites have over 80% coral coverage and has
largely recovered from damage caused by dredging. Kamalō was a prime fishing area with
extensive coral cover prior to a series of dredging operations in the area which began in the
late 1960's. The dredging occurred on the reef flat east of Kamalō near Kalae Loa Harbor.
The prevailing westward currents carried silt from the dredge operation down the coast and
well past Kamalō. The fine silt covered and killed reefs downstream, killing the coral. Fish
left the area which appeared to be a wasteland - everything covered with fine silt (Joe Reich,
pers. com. 10/23/99). Even after the company went bankrupt and abandoned the dredging
operation, the fine sediments continued to remobilize, preventing any recovery of the reefs for
many years. As fine sediments were winnowed out and transported offshore, the area slowly
began to improve. Reefs showed signs of recovery by mid 1970's. Recovery was well
underway by early 1980's. The reefs again appeared to be healthy by mid 1980's with full
recovery by 1990. The reefs off Kamalō appeared to be "pristine" by 1991 (James Maragos,
personal communication), although much of the area actually represents a regenerated reef
that was heavily damaged by siltation.
The Coral Reef Assessment and Monitoring Program (CRAMP) maintains transects at two
depths (3 and 10m). Baseline data in 2000 showed high coral cover (75%) at both depths.
Observational data from the USGS showed this deeper fore reef to be in good condition with
mainly Porites compressa coral cover exceeding 95%.
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Fig. 2.1-5. Chart showing area heavily impacted by dredging operation in the 1960's according to observations
of Captain Joe Reich.

Residential use along shoreline. Steep mountain slopes are not in use or in conservation
status. A quarry operation exists below Pu‘u Papa‘i.
Wave and Current Regime:
The dominant wave regimes off Moloka’i include:
• North Pacific swell which is generated by winter storm tracks
• The Northeast tradewind waves which are generated throughout the year but are
strongest between April and November following tradewind patterns.
• The Southern Ocean swell generates small, long period waves originating from storms
in the Southern Hemisphere during their winter.
• Kona storm waves occur infrequently from local conditions and extratropical lows
within the region.
The south shore of Moloka’i has a shadowing effect that protects reefs from much of
the impact from these waves. In response to this wave shadow, an extensive fringing reef has
developed on this side of the island. As this reef narrows at the east and west ends of the
island, the wave velocities can be five times higher than the protected south sector. Waves
transport and re-suspend terrestrial sediment deposits onto the reef flat and fore reef. While
the majority of the south shore is in the wave shadow zone, the Kamalō region experiences a
wrap-around effect and is directly exposed to northeast Tradewind waves. Deeper depths are
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not as severely affected by these short period, Tradewind waves but have some impact from
long period North Pacific waves. The North Pacific swell waves diffract around the east side
of the island with some effect felt at Kamalō Point.
Human Use Patterns:
Sustenance fishing is the major activity in this area with limited amount of commercial
fishing. Bull pen and drag net fishing once prevalent in the Kamalō reef flat have since been
discontinued as a result of reprisals from residents. Bull pen fishing was once unjustly
blamed for the fisheries decline since they often took advantage of the fish densities around
fishpond walls. To avoid conflict with residents destroying nets, fishermen moved to an area
less politically volatile. Community sanctions also limited drag netting which
indiscriminately harvested small fishes (Baker, 1987).
Kamalō Harbor was built before the 1860's and once a major harbor facility on the island.
Kamalō Wharf and Harbor are currently used only by local residents. This natural harbor
was historically the main port for the island, used for centuries by Hawaiians and later by
foreign ship traffic for commerce. The shift of ship traffic to Kaunakakai wharf was a result
of a population shift from Kalua’aha to Kaunakakai.
Of the five original wharfs constructed in the1880’s, only Kamalō Wharf remains today. The
original wharf at Kaunakakai is presently located underwater near the present wharf
constructed in 1899.
A mill served the sugar plantation at Kamalō.
Economic Value and Social Benefits:
The major economic activity of sustenance fishing is seen as an important part of the local
culture and life style. The area is known for papio and weke on outer reef flat, and akule
netted in nearby Kalaeloa Harbor. The inshore area is an important nursery ground for many
species.
Status (Degree of Legal Protection):
Kamalō is an open access area with no special protection status. Authority for managing the
marine resources within three miles (4.8 km) of the high tide mark lies with the Division of
Aquatic Resources, Department of Land and Natural Resources. All laws pertaining to the
management of state marine resources apply (see pamphlet "Hawaii Fishing regulations,
September 1999", 51 pp. available from Division of Aquatic Resources, Department of Land
and Natural Resources, Kalanimoku Building, 1151 Punchbowl St., Rm. 330, Honolulu,
Hawaii).
Management Concerns:
The major contemporary concern is sedimentation. The area upslope appears to be overgrazed
by feral animals, including axis deer, goats and pigs. Kamalō gulch discharges into a deeper
channel on the reef and extensive sediment outflow can occur with heavy rains. Secondary
concern is focused on overfishing. This is an important area for sustenance fishing and local
inhabitants are concerned that this resource can be depleted, especially from commercial
operators from outside of Moloka‘i. During the 1960's extensive dredging killed a major
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portion of the reef, but the reefs have slowly recovered. There are no plans for further
dredging in the area in the near future.
Noteworthy Biota or Ecological Conditions:
Extensive beds of Porites compressa offshore, with extensive coral reef development and
unique assemblages of organism in the blue holes.
Cultural and Historical Importance:
Fishponds, Smith-Bronte Landing site.
Historical and Cultural Importance:
Kamalō is located in the Southeast Moloka’i Archeological District which includes remnants
of numerous cultural and religious structures. Fishponds (loko i’a), sacred sites (heiau),
house platforms and many other surface structures are situated in this district. Eleven
significant pre-historic archeological sites are located at the edge of the Anglin Quarry pit in
Kamalō.
Of the 136 heiau on the island of Moloka’i, 36 are located in the Kamalō ahupua’a.
Seven fishponds (loko i’a) are located within the Kamalō watershed. All three ponds in the
Mākolelau district (Uluanui, Kawi‘u, Pānāhāhā) have been partially filled. The largest of the
three ponds, Pānāhāhā (36 acres) has walls that are partially broken. The other two ponds
have a total area of 21.5 acres. Kanukuawa located in the district of KapuaoKo‘olau is 30
acres with walls partially broken. Two fishponds in the Keonekū ‘ino district cover an area
of 30.5 acres. The largest loko i’a within the Kamalō watershed, Kāmahu‘ehu‘e, covers 37
acres and is in good condition. It is currently being used commercially for aquaculture
purposes.
Scientific Importance and Research Potential:
This area is being monitored by CRAMP with extensive investigations by USGS on geologic
history of the area and impact of human activity. CRAMP monitors transects at 3 and 10m
depths. Site selection was based on the location of Kamalō as the furthest eastward extent of
high coral cover along this coastline. East of this site, the wrap around effect of waves
modifies the morphology of the reef and the species composition, no longer representing the
south shore benthic characteristics. Baseline data was collected in 2000 and resurveyed
annually to detect temporal changes in benthic composition.
Wave gauges and sediment traps have been monitored quarterly since 2000 by the USGS to
characterize the wave and sediment regime.
The University of Hawai’i’s Botany Dept. conducted an extensive survey of alien algal
species on Moloka‘i in 2000 and found three alien species on the south shore. The issue of
further spread of introduced species that can compete with and displace native species should
be addressed.
References
Atlas of Hawaii. 1983. 2nd Edition University of Hawaii, Dept. of Geography. University of
Hawaii Press, Honolulu, Hawaii.
Chamberlain, J.A., and Gaus, R.R., 1975. Water flow and hydromechanical adaptations of
branched reef corals. Bulletin of Marine Sciences, v. 25, p. 112-125.
Roberts, Lucile. 2000. Historical Land Use, Coastal Change, and Sedimentation

Final Report: EPA Grant CD97918401-0 P. L. Jokiel and K S. Rodgers

Page 132

on South Moloka’i Reefs. Recent Advances in Marine Science and Technology, 2000
PACON International 2001 Honolulu, Hawaii.
Storlazzi,C.D., Field, M.E., Dykes, J.D. Jokiel, P.L., Brown, E.K. 2001. Wave control on
reef morphology and coral distribution: Molokai, Hawaii. Ocean Wave Measurement and
Analysis. Proceedings of the Fourth International Symposium Waves 2001, American
Society of Civil Engineers. San Francisco, California.
Wyban C.B. 1992. Tide and Current: Fishponds of Hawai’i. University of Hawaii Press.
Honolulu, Hawaii.
Annotated Bibliography
Baker, Michael E. 1987. Backyard fishing on the south coast of Moloka'i. MA Thesis,
University of Hawaii at Manoa, Honolulu, 128 pp. - Call Number: UH MANOA CB5 .H3
no.1865
Abstract: On Moloka'i, the ways and means by which a community of local islanders defray
the costs of everyday living center around the methods and technologies they employ for
harvesting fish of the local nearshore zone. This thesis is an empirical examination of
Moloka'i fishermen's activities in the nearshore coastal zone. It is a human-geographical study
based on personal observations and participation in the fishing activities and life experiences
of fishermen. It presents a series of alternate community derived nearshore management
strategies offered as options for enhancing current State fisheries regulations. This work
documents the management and use of local Hawaiian fisheries through careful examination
of the personal actions, expertise, and beliefs of fishermen. It is at once a record of the special
local fishing practices and management activities and a survey of rural community's
perceptions of and ideas about the future use and maintenance of fringing reef fisheries of
Moloka'i. It is intended to provide insights into the subtle connections between human
behavior and one facet of the relationship to the physical environments within which rural
Hawaiian fishing communities created a livelihood. This is an account of the actions and ideas
of a community of fishermen whose contribution to our understanding of the coastal zone has
been largely ignored in modern times. Therefore, it is the purpose of this work to a) increase
the small body of contemporary research based on local knowledge about the use and
mangement of tropical nearshore seascapes, b) gather a body of information to complement
existing studies based on the personal knowledge and experiences of a community of
Hawaiian island fishermen, c) encourage community participation in scientific research
projects and decision making, and d), to build a record of the special fishing and resource
management techniques used to sustain a rural lifestyle that seems to be rapidly disappearing.
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2.2 Sector: Watershed: Kamiloloa
Geographic Name: Kamiloloa
Geographic Location:
South Molokai (21° 04.2 'N, 157° 00.03 'W)

Fig. 2.2-1. Chart showing Kamiloloa coastline. Red arrows show location of transect sites.

Fig. 2.2-11993 NOAA aerial photo of the Kamiloloa area. Image provided by Steve Rohmann.

Population: 3,201
Watershed: Kamiloloa

Area in Acres: 7,935
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Perennial Streams: none
Reef Structure, Habitat Classification:
This area of coastline is characterized by a well developed fringing reef with an extensive reef
flat and ancient Hawaiian fish ponds. The beach consists of sandy mud, grading into fine
mud in the subtidal area near shore. Macroalgae and sea grass occurs in abundance. The
water deepens and corals become more abundant as one moves seaward. The inner 1/3 of the
reef flat consists largely of mud and rubble on a hard carbonate platform with extensive algae.
Moving seaward, mud is less prevalent and the bottom consists of low ridges of carbonate
material aligned perpendicular to shore with muddy sand and gravel in the channels between
the ridges. Available hard substratum has low coral coverage and large amounts of algae.
The corals Montipora capitata, Porites compressa are common. Other coral species present
include Pocillopora damicornis, and Psammocora stellata. The outer 1/3 of the reef flat
shows increasing substrate complexity with higher ridges and increasing coral cover. High
water motion species of coral such as Porites lobata and Pocillopora meandrina are common
in this area, but coverage is relatively low. The bottom slopes gently seaward beyond the
breaker zone into a deeper area that appears to be severely impacted by sedimentation
processes occurring on the adjacent reef flat. Coral coverage is very low on hard substratum
to depths in excess of 40 feet. The reef slope is characterized by carbonate ridges and
intervening sand channels.
Wave and Current Regime:
The area from Kaunakakai to One Ali‘i is remarkably different than the remainder of the
coastline. This region between two zones of high coral cover is characterized by extremely
low coral cover, less than 10%. Low wave energy in this area impedes transport of
terrigenous sediment to deeper waters.
Human Use Patterns:
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• Commercial
• Recreational
• Sustenance
Status (Degree of Legal Protection):
Open access, no special management designations. Authority for managing the marine
resources within three miles (4.8 km) of the high tide mark lies with the Division of Aquatic
Resources, Department of Land and Natural Resources. All laws pertaining to the
management of state marine resources apply (see pamphlet "Hawaii Fishing regulations,
September 1999", 51 pp. available from Division of Aquatic Resources, Department of Land
and Natural Resources, Kalanimoku Building, 1151 Punchbowl St., Rm. 330, Honolulu,
Hawaii).
Management Concerns:
The major concern is the impact of the heavy sediment load in this area. The high standing
crop of algae suggests eutrophication (non-point nutrient sources from residential area) may
be a problem. Sustaining the reef fisheries is also a consideration.
Management Concerns:
Toxicity tests were performed from marine sediment deposits on the south shore of Moloka’i
by the U.S. Geological Survey. Surficial sediments from the heavily impacted Kamiloloa to
Kawela region were contaminated with toxins. The sediment from the Kamiloloa region
where large amounts of sediment is deposited and re-suspended, had the highest toxic effects
on sea urchin fertilization and embryological development. The sediment tested from Kawela
resulted in moderate toxicity to fertilization but not to embryological development. This is
likely due to the type of contaminant. Zinc, lead and silver have strong effects on fertilization
but not on embryo development. Sediment samples were not taken from the Kaunakakai area
but this is also a probable depositional area for contaminants (Carr and Nipper, 2002).
Historical and Cultural Importance:
Three fishponds are located in the Kamiloloa watershed: Kaloko‘eli (27.6 acres), Kaoini (9.3
acres) and a large fishpond whose name is not recorded at Makapupaia (46 acres).
Scientific Importance and Research Potential:
The U.S. Geological Service maintains a REEFPROBE in this area with quarterly download
of data. This probe collects water quality and data on the shallow sediment affected reef flat.
Sediment traps are also monitored quarterly. Above the site at the Maui County water tank, a
digital camera records sediment events on the reef. Images taken four times a day from this
solar powered camera can be viewed at
http://TerraWeb.wr.usgs.gov/projects/Molokai/digital_camera/ on the world.
The Coral Reef Assessment and Monitoring Program initially installed 10 photoquad stations
at Kamiloloa in 2000 to monitor growth, recruitment and mortality at the colony level.
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Abstract: On Moloka'i, the ways and means by which a community of local islanders defray
the costs of everyday living center around the methods and technologies they employ for
harvesting fish of the local nearshore zone. This thesis is an empirical examination of
Moloka'i fishermen's activities in the nearshore coastal zone. It is a human-geographical study
based on personal observations and participation in the fishing activities and life experiences
of fishermen. It presents a series of alternate community derived nearshore management
strategies offered as options for enhancing current State fisheries regulations. This work
documents the management and use of local Hawaiian fisheries through careful examination
of the personal actions, expertise, and beliefs of fishermen. It is at once a record of the special
local fishing practices and management activities and a survey of rural community's
perceptions of and ideas about the future use and maintenance of fringing reef fisheries of
Moloka'i. It is intended to provide insights into the subtle connections between human
behavior and one facet of the relationship to the physical environments within which rural
Hawaiian fishing communities created a livelihood. This is an account of the actions and ideas
of a community of fishermen whose contribution to our understanding of the coastal zone has
been largely ignored in modern times. Therefore, it is the purpose of this work to a) increase
the small body of contemporary research based on local knowledge about the use and
mangement of tropical nearshore seascapes, b) gather a body of information to complement
existing studies based on the personal knowledge and experiences of a community of
Hawaiian island fishermen, c) encourage community participation in scientific research
projects and decision making, and d), to build a record of the special fishing and resource
management techniques used to sustain a rural lifestyle that seems to be rapidly disappearing.
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2.3 Sector: Watershed: Kaunakakai
Geographic Name: Kaunakakai
Population: 1,306
Area in Acres: 5,931
Watershed: Kaunakakai

Fig. 2.3-1. Map of Kaunakakai watershed

Perennial Streams: none
Reef Structure, Habitat Classification:
The inner reef has large sediment deposits. Sediments move westward carried by currents and
blocked from further deposition downstream by the Kaunakakai causeway.
Very low coral cover (<10%) exists in the inshore region from One Ali‘i to Kaunakakai. The
10 m isobath is predominately sand, algae and rubble with little live coral (<5% coral).
Human Use Patterns:
As larger ships began visiting Moloka‘i they were denied access to the shoreline by the
shallow fringing reef on the south shore. These well protected waters were frequented by
ships that were forced to anchor offshore and transfer their products and passengers by canoes
and smaller boats. Cattle were winched up to ships after swimming out from shore. To
modernize this transport, five wharfs were constructed in the 1880’s. These wharfs were
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located at Kaunakakai, Puko‘o, Kamalō, Kalaupapa and Pelekunu. Today, the stones from
the original wharf at Kaunakakai is underwater, about 30 meters west of the present pier.
Kaunakakai pier was lengthened several times since its reconstruction in 1899. Other
modifications included dredging of the harbor and widening of the reef to accommodate the
barges, passenger ferries and fishing and recreational boats that presently use the harbor. This
two-lane road with a large landing and docking facility extended more than 1500 meters
across the reef flat. The pier was built along a natural cut in the eastern reef edge. The longshore current along the coastline was severely modified. The disruption in the flow of water
allowed significant deposition of sediment on the eastern side of the structure. Re-suspension
of these sediments occurs with easterly winds.
At present, Young Brothers barges leave Kaunakakai Harbor weekly, transporting goods to
and from the outer islands. The Moloka’i Princess, a 150 passenger ferry, leaves Kaunakakai
daily for Lahaina, Maui. This 100 foot ship is the largest and fastest passenger ship on Maui
cruising at speeds exceeding 30 mile per hour.
In the second half of the century tourism increased on Moloka‘i. Consequences of hotel and
condominium development were evident in the near-shore environment. Dredging and
alteration of a large fishpond was conducted in the early 1970’s. This attempt to develop a
marina was abandoned after coastal modifications were made.
The Kaunakakai sewage plant is located about a quarter mile up Kaunakakai Gulch. Injection
wells serve the immediate town area while cesspools and septic tanks are used in homes
located outside the main town. Condominiums also make use of private injection wells.
Seepage of nutrients from these sources have contributed greatly to cyanobacteria blooms
along the coastlines near centers of population.
Economic Value and Social Benefits:
Kaunakakai is the capital of Moloka‘i. All imported and exported goods and products
leave the island from Young Brothers Tug and Barge at Kaunakakai.
Subsistence, commercial and recreational fishing are all practiced on Moloka‘i.
Sustenance fishing is critical to many families on an island where employment opportunities
are limited. The nearshore fisheries are also limited by access to the reef flat. Dense
vegetation and private property can limit access in some regions. Kaunakakai Harbor allows
easy access to both nearshore and open ocean fisheries. At high tide, small boats can launch
and cruise along the reef flat here. Claims to fishing rights have been established over time
by individuals at certain locations and informal claims are based on the proximity of homes to
the fishing area.
Status (Degree of Legal Protection):
No Marine Life Conservation Districts exist on Moloka‘i. A portion of Kaunakakai harbor is
restricted to certain types of fishing activity. Authority for managing the marine resources
within three miles (4.8 km) of Moloka‘i lies with the Division of Aquatic Resources,
Department of Land and Natural Resources (http://www.state.hi.us/dlnr/dar/).
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Fig. 2.3-2. Map of Kaunakakai FMA

The Fisheries Management Area (FMA) at Kaunakakai was established in 1990. Portions of
the small craft harbor designated “area 2” are restricted from any type of net except hand nets
less than three feet. Pole and line fishing is permitted in this area.
In the area closest to the wharf “area 1B” fishing with pole and line and throw nets are
permitted. Other types of nets are prohibited.
In “area 1A” within the channel, fishing with nets including thrownets and pole and line
fishing are permitted except at night when nets cannot be placed in the water in this area.
Baitfish may be taken with a baitfish license, permit from the Dept. of Land and Natural
Resources and clearance from the Dept. of Transportation. Activities strictly prohibited in
this area include any fishing or fishing gear that obstructs the passage of vessels.
Management Concerns:
Impact of land-derived sedimentation on the coral reefs of south Moloka‘i has been and
continues to be the major environmental concern on Moloka‘i. A related issue is the role of
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the Kaunakakai causeway in blocking the shoreline transport of sediment, nutrients and other
land-derived materials with consequent degradation of the reefs.
The solid fill wharf was constructed and the adjacent channel dredged in the early
1900’s. Anecdotal evidence from longtime local residents attests to the immediate hydrologic
changes in the surrounding area. The mud on the shallow reef flats is attributed to the
causeway blocking the natural currents from winnowing out the sediment. Modeling of the
system by the Army Corp of Engineers (Bottin and Acuff, 2001) support this.
Recommendations include replacement of the shoreward 180 meters of solid causeway with a
open bridge and restoration of the shoreline to pre-causeway conditions will allow currents to
flush sediments towards the west.

Fig. 2.3-3. An aerial view of the Kaunakakai causeway (USGS)

Noteworthy Biota or Ecological Conditions:
The University of Hawai’i’s Botany Dept. surveyed the nearshore Kaunakakai region in 2000.
Two species of alien algae, Acanthophora spicifera and Hypnea musciformis were found in
abundances between 40 and 50%. Harbors are often host to foreign ships that can harbor nonnative species on their hulls or in their ballast water.
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Fig. 2.3-4. Introduced Algae Abundance on Moloka’i UH Botany (Jennifer Smith)

Historical and Cultural Importance:
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The shoreline boundary of the Kaunakakai watershed is extremely narrow and thus no
fishponds are found at this site.
The Kaunakakai Lighthouse was established in 1912 as a navigational aid to ships. Two
range lights are established on 11 meter skeletal towers approximately 150 meters apart.

Fig. 2.3-5. The Kaunakakai Lighthouse
Coconut Grove is a ten acres historical site that was planted with 1,000 coconut trees in 1860 to honor King
Kamehameha V. Originally five freshwater springs were found in this area. Each spring had a specific purpose
with one strictly used for drinking water, and others set aside for bathing, irrigation and washing. Freshwater
seepage is still apparent along the shoreline with springs containing mullet and other freshwater tolerant marine
species. A beach scarp up to a meter in height has been created by shoreline erosion.
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Abstract: On Moloka'i, the ways and means by which a community of local islanders defray
the costs of everyday living center around the methods and technologies they employ for
harvesting fish of the local nearshore zone. This thesis is an empirical examination of
Moloka'i fishermen's activities in the nearshore coastal zone. It is a human-geographical study
based on personal observations and participation in the fishing activities and life experiences
of fishermen. It presents a series of alternate community derived nearshore management
strategies offered as options for enhancing current State fisheries regulations. This work
documents the management and use of local Hawaiian fisheries through careful examination
of the personal actions, expertise, and beliefs of fishermen. It is at once a record of the special
local fishing practices and management activities and a survey of rural community's
perceptions of and ideas about the future use and maintenance of fringing reef fisheries of
Moloka'i. It is intended to provide insights into the subtle connections between human
behavior and one facet of the relationship to the physical environments within which rural
Hawaiian fishing communities created a livelihood. This is an account of the actions and ideas
of a community of fishermen whose contribution to our understanding of the coastal zone has
been largely ignored in modern times. Therefore, it is the purpose of this work to a) increase
the small body of contemporary research based on local knowledge about the use and
mangement of tropical nearshore seascapes, b) gather a body of information to complement
existing studies based on the personal knowledge and experiences of a community of
Hawaiian island fishermen, c) encourage community participation in scientific research
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projects and decision making, and d), to build a record of the special fishing and resource
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2.4 Sector: Watershed: Kawela
Geographic Name: Kawela
Population: 327
Watershed: Kawela
Area in Acres: 3,413

Fig. 2.4-1. Map of Kawela watershed

Perennial Streams: Kawela Stream
Physiography:
The Kawela watershed is narrow with a prograded fan delta at situated at the mouth of
Kawela Gulch. The south coast of the island has many similar fan deltas composed of
sediment deposition from the inland watershed. The fine-grained sediment transported
through Kawela Gulch was deposited onto the coastal plain. This coastal plain is primarily
comprised of both terrigenous deposits and carbonate reef deposits.
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\
Fig. 2.4-2 Prograding fan delta at mouth of Kawela Gulch (K. Evans)

Reef Structure, Habitat Classification:
Blue holes
Wave and Current Regime:
The south shores of the Hawaiian Islands are protected from the North Pacific swell which
produces high wave energy. In response, the reef structures on southern shores have
developed in a significant wave shadow.
Kawela is part of a transition zone between a high coral environment at Kamalō and a zone of
low cover extending from Kamiloloa westward to Kaunakakai.

Final Report: EPA Grant CD97918401-0 P. L. Jokiel and K S. Rodgers

Page 147

An extensive fringing reef has developed off the south shore of Moloka‘i. The crest of this
reef extends up to 1500 m offshore and approximately 50 km across the south shore. The
dominant wave regime that appears to be the forcing function controlling coral reef
development occurs in the winter months. The North Pacific Swell generates high velocity
waves that inhibit substantial coral development in waters less than 10 m. The central section
of the reef is protected from this swell while a wrap-around effect occurs at both the east and
west ends of the island. In these sections the reef gradually narrows and eventually
disappears. Thus, the ends of the island experience substantially greater wave energy that is
reflected in the species, morphology and abundance of corals occurring there (Storlazzi et al.
2001).
Human Use Patterns:
Subsistence fishing is commonly practiced on the south shore of Moloka‘i. With increased
fishing pressure, stocks have steadily declined. Once practiced regularly in the Kamalō
region, drag netting and bull pen fishing moved to the Kawela and Pālā ‘au areas as a result of
community pressure at Kamalō (Baker, 1987).
Management Concerns:
High sediment toxicity was reported from the Kamiloloa region although the entire area from Kaunakakai to
Kawela is likely to contain contaminants in toxic levels. Toxicity tests were performed from marine
sediment deposits on the south shore of Moloka’i by the U.S. Geological Survey. The sediment from the
Kamiloloa region where large amounts of sediment is deposited and re-suspended, had the highest toxic
effects on sea urchin fertilization and embryonic development. The sediment tested from Kawela resulted in
moderate toxicity to fertilization but not to embryonic development. This is likely due to the type of
contaminant. Zinc, lead and silver have strong effects on fertilization but not on embryo development.
Sediment samples were not taken from the Kaunakakai area (Carr and Nipper, 2002).

Historical and Cultural Importance:
Two fishponds are located within the narrow shoreline of the Kawela watershed. Kānoa
fishpond is 50 acres in size while the smaller, partially filled Hokahaia is 31 acres.
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Moloka'i fishermen's activities in the nearshore coastal zone. It is a human-geographical study
based on personal observations and participation in the fishing activities and life experiences
of fishermen. It presents a series of alternate community derived nearshore management
strategies offered as options for enhancing current State fisheries regulations. This work
documents the management and use of local Hawaiian fisheries through careful examination
of the personal actions, expertise, and beliefs of fishermen. It is at once a record of the special
local fishing practices and management activities and a survey of rural community's
perceptions of and ideas about the future use and maintenance of fringing reef fisheries of
Moloka'i. It is intended to provide insights into the subtle connections between human
behavior and one facet of the relationship to the physical environments within which rural
Hawaiian fishing communities created a livelihood. This is an account of the actions and ideas
of a community of fishermen whose contribution to our understanding of the coastal zone has
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been largely ignored in modern times. Therefore, it is the purpose of this work to a) increase
the small body of contemporary research based on local knowledge about the use and
mangement of tropical nearshore seascapes, b) gather a body of information to complement
existing studies based on the personal knowledge and experiences of a community of
Hawaiian island fishermen, c) encourage community participation in scientific research
projects and decision making, and d), to build a record of the special fishing and resource
management techniques used to sustain a rural lifestyle that seems to be rapidly disappearing.

Final Report: EPA Grant CD97918401-0 P. L. Jokiel and K S. Rodgers

Page 150

2.5 Sector: Watershed: Pālā ‘au - includes Waiahewahewa, Kāluape‘elua, Manawainui,
Kalama‘ula
Geographic Name: Pālā ‘au
Geographic Location: South coast of Moloka‘i (21° 05'N, 157° 06' W).

Fig. 2.5-1. Chart showing Pālā ‘au coastline. Red arrows show location of CRAMP transect sites.
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Fig. 2.5-2. 1993 NOAA aerial photo of the Pālā ‘au area. Image provided by Steve Rohmann.

Population: 2,265
Watershed: Waiahewahewa, Kāluape‘elua, Manawainui, Kalama‘ula

Fig. 2.5-3. Map of watersheds in Pala‘au sector
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Area in Acres: Waiahewahewa (3,590), Kāluape‘elua (9,094), Manawainui (8,981),
Kalama‘ula (5,838)
Perennial Streams: none
Physiography:
An extremely broad reef flat and reef face is bisected by Pālā ‘au Channel. Much of the
shallow reef flat is exposed at low tide. Sand, algae and silt dominate the reef flat with
scattered coral colonies near the channel. Coral cover increases seaward of the reef flat to the
reef crest and slope.
Extensive mangrove area occupies the shoreline, which has been advancing seaward for the
past century due to high sediment loading. The mangroves and the floodplain intercept silt
and consolidate sediments.
Reef Structure, Habitat Classification:
The general structure of the reef consists of an extremely broad reef flat and reef face bisected
by Pālā ‘au Channel. The reef flat near the inner channel and near the Fishing House is fully
exposed at minus low tides. Sand and fine sediments cover most of the reef flat with no live
coral. Moving seaward through the Pālā ‘au Channel area takes one through a transition zone
where small colonies of coral are found. There is a question as to whether these corals are
remnants of a once-thriving area of healthy reef or if these corals will continue to decline with
the progradation of the shoreline. If the mangroves have stabilized the mud flats, these corals
may represent the beginnings of recovery in the area. As one moves seaward across the reef
flat, crest and reef slope, more and more live healthy corals can be found. In the outer portion
of the Pālā ‘au Channel we find a healthy, diverse reef.
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Fig. 2.5-4 View of agricultural land upslope of Pālā ‘au. Turbid sediment plume over Pālā ‘au reef can be seen
in the distance. Photo by Paul Jokiel.

Oceanographic and Meteorological Conditions:
Although wave energy may be the dominant forcing function in determining coral community
structure, light, temperature, salinity, nutrient and sediment regimes also play important roles.
Wave and Current Regime:
Optimum reef growth is usually observed between 10 and 20 meters. Coral growth appears to
be a trade-off between wave energy and available light. Thus, less developed reefs in high
wave environments have lower coral cover and a species composition that reflects the wave
regime, while reefs with low wave energy regimes are well-developed and support high coral
cover and more delicate, branching species. This is evident from Pālā ‘au westward.
The wave wrap around from the west side begins to diminish at Pālā ‘au. The lack of
high wave activity is responsible for the high coral cover and dominance of Porites
compressa and Montipora capitata with its branching morphology conducive to lower water
motion regimes (Storlazzi et al., 2001).
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Westward of Pālā ‘au the coral cover and composition change rapidly in response to changes
in the wave regime. Within 8 km of the west end of the island, the cover of the branching
species, Porites compressa drops rapidly, while the plate morphology of Montipora capitata
increases. As wave energy increases moving westward, Porites lobata, a species more
tolerant of high wave energy due to its lobate or encrusting morphology, increases from less
than 5% to over 30% then decreases thereafter. Pocillopora meandrina, another extremely
wave tolerant species due to morphology and high skeletal strength, also increases near the
west end (Storlazzi et al., 2001).
Human Use Patterns:
As in the past, current use of the reef resources in the Pālā ‘au area is largely focused on
sustenance fishing.
The terrestrial environment has been severely altered over time. Geologic evidence
determined two shield volcanoes formed the island of Moloka‘i approximately 2 million years
ago. The Ho‘olehua saddle which lies between these two volcanoes is rich in alluvial plains
deposits from millions of years of erosion from Moloka‘i’s two founding volcanoes.

Fig. 2.5-5 Elements affecting reef deposits from the Pālā ‘au watershed

With the arrival of Westerners came accelerated erosional loss of nutrient-rich topsoil. In the
period following western contact high rates of sedimentation and reef deposition occurred.
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In the mid1800’s, much of the upper saddle was used for cattle ranching. Problems
associated with both grazing and soil compaction from trampling by herds driven to docks at
Pālā ‘au for shipment to O‘ahu. Sediment deposition in the lowland plains reached an
alarming rate of one foot per 6 years. The progadation rate of sediment from 1886 to 1983 has
been extensive.

Fig. 2.5-6 Progradation of shoreline on the south central coast of Moloka’i Roberts 2001

This devegetation of the saddle region by cattle was accelerated by sheep ranching in the early
1900’s that denuded pasture lands. Due to this reduction in pasture land combined with a
depressed market for wool, sheep rearing was discontinued.
The environmental damage caused by feral animals including wild cattle, goats, sheep and
deer were accelerated by a decline in human population in the surrounding area. Population
estimates at the time of initial European contact was approximately 10,000 found mainly on
the more hospitable southeastern coast. By 1840 the population had dropped by half and by
the turn of the century the population had shifted towards the west and declined to less than
2,500. As a direct result of this population decline, the feral animal populations increased
from lack of predation (Summers 1971).
The denuded landscape, reduced water supply and declining population led to loss of farmed
lands.
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Hawaiian Homestead Lands in the Ho‘olehua Saddle were established in 1920. Due to
degraded soils few homesteaders farmed their own lands. Pineapple plantations leased lands
from owners further accelerating the environmental damage. Large plantations requiring little
water and continued cattle grazing increased sedimentation onto the coastal plains and
adjacent reef flat. Most fishponds in this area were unusable due to substantial sediment
deposits that filled the ponds (Handy 1931).
Agricultural experimentation in the first half of the 19th century introduced insect pests and
disease. Ho’olehua Homestead was not developed further due to lack of water and drought.
To assist homesteaders in restoration efforts, the Dept. of Agriculture formed the Moloka‘iLana‘i Soil Conservation District. Promotion of conservation efforts through assistance and
dissemination of information had limited success due to lack of continued funding.
In 1983, the Nature Conservancy continued the attempt to reverse the damage to the
environment and halt its progression. State and federal agencies are currently working with
local hunters in an attempt to control feral animal populations (Kepler and Kepler, 1991).
The USGS is working with the community and university programs to address the
sedimentation problems to the coastal reef environment.
Economic Value and Social Benefits:
Subsistence fishing is commonly practiced on the south shore of Moloka‘i. With increased
fishing pressure, stocks have steadily declined. Once practiced regularly in the Kamalō
region, drag netting and bull pen fishing moved to the Kawela and Pālā ‘au areas as a result of
community pressure at Kamalō (Baker, 1987).
Status (Degree of Legal Protection):
Open access, no special protection. Authority for managing the marine resources within three
miles (4.8 km) of the high tide mark lies with the Division of Aquatic Resources, Department
of Land and Natural Resources. All laws pertaining to the management of state marine
resources apply (see pamphlet "Hawaii Fishing regulations, September 1999", 51 pp.
available from Division of Aquatic Resources, Department of Land and Natural Resources,
Kalanimoku Building, 1151 Punchbowl St., Rm. 330, Honolulu, Hawaii).
Management Concerns:
Over the past century the management concern at Pālā ‘au is severe sedimentation due to
accelerated land erosion.
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Noteworthy Biota or Ecological Conditions:
The Inshore area is quite diverse. In the area of the CRAMP survey site one
encounters two very rare corals: Gardinoseris planulata and Montipora studeri. The offshore
site has extremely high coral cover.
The American Sugar Company introduced Rhizophora mangle, the Florida Red
Mangrove to Pālā ‘au in 1902 in an attempt to stabilize and contain the silt deposited near the
shoreline. This introduced species quickly invaded the area extending its range seaward. A
vast area of mud is now trapped behind this alien mangrove barrier. This invasive species has
spread quickly invading coastal areas on the south shore of the island and has proliferated in
and around many fishponds.
Historical and Cultural Importance:
Hawaiian fishponds integrated fish ecology with geology, hydrology and engineering.
These archeological structures can be found nowhere else in the world. Ten fishponds can be
found within the Pālā ‘au watershed. Three ponds are located in Nāiwa, four in Kalama‘ula
and one in ī loli. The ponds at Pālā ‘au and Ho‘olehua are extensive ponds that have been
filled with mud. A small inland pond at Kalama‘ula is less than one acre in size.
The Pālā ‘au Fish House is located on the reef flat on the east side of the channel. The
fish house which is frequented by overnight fishermen is most easily accessible by boat. It
can also be accessed from Moloka‘i Sea Farms across a path cut through the mangroves and
over the shallow reef flat.

Final Report: EPA Grant CD97918401-0 P. L. Jokiel and K S. Rodgers
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Kurt Storlazzi

Scientific Importance and Research Potential:
This site was chosen as one of the Coral Reef Assessment and Monitoring Program (CRAMP)
sites for the Project. Biological transects are laid out at 3m and 10m depths, and an additional
CRAMP photoquadrat area is on the reef flat in 1 m of water. Site selection was based upon
the premise that Pālā ‘au was the western end point before high wave energy from the wrap
around effect changed the morphology and composition of the reef. The photoquad site on the
inner reef flat along the west edge of the channel is a transitional zone where mainly small
colonies of coral are found. It is unknown at this point as to whether these corals are
remaining from a more expansive reef or are newly recruited to this area. CRAMP baseline
data was collected in February 2000. The location is revisited annually to detect change.
The USGS has deployed time series sediment traps and a wave gauge at 10 meters in the area.
The focal points of scientific investigations at this location center on the impact of
sedimentation (increasing damage or recovery) and the importance of wave energy in
structuring the coral reef communities. The inshore mangrove area is also the subject of
ongoing studies.
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Abstract: On Moloka'i, the ways and means by which a community of local islanders defray
the costs of everyday living center around the methods and technologies they employ for
harvesting fish of the local nearshore zone. This thesis is an empirical examination of
Moloka'i fishermen's activities in the nearshore coastal zone. It is a human-geographical study
based on personal observations and participation in the fishing activities and life experiences
of fishermen. It presents a series of alternate community derived nearshore management
strategies offered as options for enhancing current State fisheries regulations. This work
documents the management and use of local Hawaiian fisheries through careful examination
of the personal actions, expertise, and beliefs of fishermen. It is at once a record of the special
local fishing practices and management activities and a survey of rural community's
perceptions of and ideas about the future use and maintenance of fringing reef fisheries of
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Moloka'i. It is intended to provide insights into the subtle connections between human
behavior and one facet of the relationship to the physical environments within which rural
Hawaiian fishing communities created a livelihood. This is an account of the actions and ideas
of a community of fishermen whose contribution to our understanding of the coastal zone has
been largely ignored in modern times. Therefore, it is the purpose of this work to a) increase
the small body of contemporary research based on local knowledge about the use and
mangement of tropical nearshore seascapes, b) gather a body of information to complement
existing studies based on the personal knowledge and experiences of a community of
Hawaiian island fishermen, c) encourage community participation in scientific research
projects and decision making, and d), to build a record of the special fishing and resource
management techniques used to sustain a rural lifestyle that seems to be rapidly disappearing.
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3.0 Overview South O‘ahu
( Overview includes the three segments from Diamond Head to Ke‘ehi Lagoon)
Geographic Location: From Diamond Head (21o 15.5' N, 157o 49.1' W) to west margin of
Manuwai watershed (21o 18.9' N, 157o 57.0'W)
Population: 279,119
Watersheds: Ala Wai, Kapālama, Nu‘uanu, Manuwai, Ke‘ehi, Moanalua and Kalihi

Fig. 3-1. Map of watersheds in South O‘ahu district

Area in Acres: Ala Wai (4,099), Kapālama (2,141), Nu‘uanu (6,046),
Manuwai (4,210), Ke‘ehi (1,578), Moanalua (6,778) and Kalihi (3,976)
Perennial Streams: Ala Wai, Kapālama, Ke‘ehi, Nu‘uanu, Moanalua and Kalihi
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Fig. 3-2. Map of perrenial streams in South O‘ahu district.

Of the 366 perennial streams in the state of Hawai‘i, 55 had been altered by 1978 through
channel realignment, lining or filling of channels, clearing of riparian vegetation or elevation
or extension of the culvert or revetment (Timbol et al. 1978). Modifications have been made
to over 150 km of stream channels. Lined channels are the most common type of
modification, comprising over 40% of stream channel alterations. The overwhelming
majority of these lined channels are located on the island of O‘ahu (90%) (Timbol et al.
1978).
Water has been diverted in over half of all perennial streams. Diversions were mainly for
irrigation and other uses in drier areas.
Only 51 of these 366 streams were considered “physically pristine” with no streams with
this rating occurring on O‘ahu. Only 95 streams were considered of “high ecological
quality” designated for pristine-preservation use including streams from all islands, with the
exception of O‘ahu (Timbol et al. 1978).
In the first state-wide inventory of streams conducted from 1975 through 1978 no
“biologically pristine” streams were reported (Timbol et al. 1978). Every perennial stream
sampled on every island had at least one introduced species. Of the 25 fish and crustacean
species collected during the survey only eight native species were documented. Introduced
species were dominant in altered streams, while species indigenous and endemic to Hawai‘i
were more abundant in the unaltered streams surveyed (Parrish et al. 1978).
The following impacts were reported to be attributed to the differences in flow regime.
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Reduced habitat availability for breeding
Reduced food supply
Increased competition
Higher densities creating crowded conditions
The Hawai‘i Cooperative Fishery Research Unit compared channelized and unchannelized
streams throughout the state (Norton et al. 1978). They conclude that altered streams have
significant physical, chemical and biological differences. Effects of channelized streams
include:
Higher mean water temperatures and increased light levels due to clearing of
vegetation and shallow depths
Lethal temperature limits for native species were within the range of values for channelized
streams (Hathaway, 1978).
Higher values and wider ranges for pH, conductivity and dissolved oxygen
Higher abundance and biomass of non-native fishes and invertebrates
Concrete bottoms provide excellent nursery habitat for some species of Poeciliids (Norton et
al. 1978).
Lower growth rates for native species of fishes
The amphidromous life cycle of native stream fauna requires continuously flowing streams.
Spawning times are variable, occurring year round in endemic gobies and seem to be highly
correlated with peak flows. Thus, disruption in stream flow due to diversion of water for
urban, resort or agricultural purposes can have catastrophic results for endemic species.
Native species are more abundant in areas distant from urban and developed areas.
Continued pressure to redirect water for a growing population is increasing and presenting a
constant threat for these organisms.
A clearer understanding of the biology and ecology of native organisms and quantitative
data on natural and modified hydrologic cycles can provide managers with the tools
necessary to make sound management decisions and to regulate Hawai‘i’s valuable water
resources.
Physiography:
The Ko’olau mountain range deposited rich alluvium which covered an emerged reef. Past
sea levels were 7 m above present levels when this ancient reef was formed. The coastal
plains on which the city of Honolulu was built is up to 1200 ft thick with reef, tuff, alluvium
and marine muds covering the volcanic basalt pavement (Harvey, 1970).
Nearly the entire south shoreline of O‘ahu has been heavily modified through dredging,
filling, sand replenishment and shoreline armorment.
Ke’ehi Lagoon was highly altered with dredged material used to extend the shoreline and fill
in low lying reef flats and marshes. Extensive excavations, shoreline extensions, armorment
and other nearshore modifications were made to construct the Honolulu International
Airport’s reef runway and the Hickam Air Force Base golf course (State of Hawai’i, 1989).
Nearly the entire perimeter and basin of Honolulu Harbor is also of man-made origin.
Maintenance dredging continues to maintain depths for navigation. Sand Island was built to
protect Honolulu Harbor from damaging storm surf.
Waik ī k ī ’s shoreline modifications have been extensive. Seawalls and groins were
constructed to protect introduced sand and expensive shoreline property. Ala Moana Beach
is predominately sand brought in from outside locations. Magic Island and the adjacent
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breakwater is the result of attempts to protect the imported beach from erosion. The military
modified not only the shoreline but the nearshore environment to create a swimming area
and beach.
Reef Structure, Habitat Classification:
The highly altered Ke‘ehi Lagoon area is bisected by two channels, the deeper Kalihi Ship
Channel and the smaller Circulation Channel. Shallow reef flat and deeper dredged areas
surround the channels. Fine silt dominates the dredged areas while rubble and coarse sand
can be found along reef slopes.
The outer reef flat is primarily composed of consolidated limestone covered with rubble and
sand. The reef margin is 1 to 2 m in depth.
Further from the reef edge, limestone outcrops and sand patches can be found. Coral, sand
and rubble accumulated on the reef flat have formed numerous islets within the lagoon.
Although the biota within the lagoon is limited, the outer reef edge has more diversity and
abundance.
Adjacent to Ke‘ehi Lagoon, Honolulu Harbor is similar in composition with predominately
silt bottoms and limestone outcrops sand and rubble near the main channel entrance. The
biological diversity and abundance is also low within the harbor, increasing in the seaward
direction. Both harbors serve as a protected nursery grounds for hammerhead sharks, jacks,
mullet, barracuda and goatfish.
Between Honolulu Harbor Channel and Kewalo Basin a shallow reef front extends outside
the seawall. The shoreline consists of rubble and boulders gradually changing to larger
boulders over sand near the reef slope. The reef front consists of consolidated limestone,
large coral heads and rubble. As the reef gradually slopes offshore, silt covers a limestone
pavement at 10 m shifting to sand and rubble below 20 m.
Ala Moana and Waik ī k ī are characterized by a shallow fringing reef inshore composed of
consolidated limestone. Scouring by offshore sand, freshwater input and clearing of coral
for swimming areas keep coral cover low inshore. The fringing reef extends from 300 to
600 m offshore where coral cover increases along the reef crest. Extensive shoreline
alterations include groins, seawalls and imported sands.
Much of the private property along the Diamond Head coastline is protected by groins and
seawalls. Beach erosion and altered sand movement resulted. The fringing reef, overlaid
with sand and rubble is not continuous as it is in Waik ī k ī . The foundation is comprised of
tuff from rejuvenated volcanics.
Oceanographic and Meteorological Conditions:
The coastline of the south shore receives less than 600 mm (25 inches) of rainfall per year.
Most of precipitation falls in the winter months as it does for the rest of the Hawaiian Islands
excluding the Kona coastline.
To develop a full understanding of the near-shore environment, knowledge of oceanographic
and meteorological processes is essential. The abundance, distribution and diversity of
organisms are heavily influenced by ocean circulation and local current patterns. Nutrient
availability and marine debris deposition influenced by ocean circulation patterns can impact
coastal systems. Temperature, salinity and chemical fluctuations can affect the biota while
high energy storms can produce geological modifications of the environment as well.
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Net transport of offshore waters is generally in the south or southwest direction. Seasonal
Kona winds switch the direction of flow towards the east (State of Hawai‘i, 1989).
This region was selected for shoreline resort development primarily for its proximity to
Honolulu, low rainfall and protection from large, damaging storm surf. The south shore is
sheltered from large North Pacific winter swells as well as the typical north-east tradewind
generated waves. South swells during summer months can produce moderately large swells.
Atypical Kona or south storms can also impact the south shore of all islands.
Wave and Current Regime:
The south shores of the Hawaiian Islands are protected from strong northwest swells which
produce the high surf on the north shores in the winter. Instead, southerly swells from
storms generated during the summer produce well-sorted 1 to 3 m (3-9 ft) waves. Arriving
from the southern hemisphere, they lose much of their energy in the week it takes for them
to travel to the south shores. This accounts for the lower wave heights on south sides of
islands compared to waves arriving during the winter on the north shores. Record wave
heights occurred in June of 1995 when south shore wave faces reached heights over 6 m (20
ft).
Human Use Patterns:
This section of the south shore is vital to both recreational and commercial sea going
vessels. The busy main port of Honolulu Harbor receives cargo shipments from around the
world. Large cruise ships depart from Honolulu Harbor and Kewalo Basin, while smaller
dinner cruise, whale watching, and deep sea fishing vessels provide visitor activities.
The two largest small boat harbors in the state are located in this section of the south shore.
The majority of the personal sailing vessels in the state are docked at Ala Wai Yacht harbor
and Ke‘ehi Lagoon.
The numerous surf spots in this area accommodate veteran local surfers as well as novice
visitors. Several surf contests are held at popular surf breaks when summer south swells
arrive.
Other tourist activities include submarine, canoe and jet ski rides.
Shoreline pole fishing is popular along breakwaters and near channel entrances. Small boat
and spear fishing is also a popular year round activity. Commercial tuna fisheries target
small baitfish, the silversides (i‘ao) and anchovies (nehu) at the channel entrances. Reefs
off this area are well used for commercial diving operations, snorkeling activities and shell
collecting.
Canoe clubs practice in the Ala Wai Canal and Magic Island and at the Outrigger Clubhouse
and Ke‘ehi Lagoon. Many canoe racing competitions are held in this area.
Economic Value and Social Benefits:
This segment of the south shore is the economic lifeline for the state of Hawai‘i. The
Waik ī k ī area leads the state in marine recreational activities and shoreline development of
hotels and tourist related businesses. The Ala Wai Yacht harbor, Kewalo Basin and
Honolulu Harbor supply the majority of commercial and recreational berths and docking
spaces for the state. Nearly all of all imported goods consumed in the state originate from
Honolulu Harbor (State of Hawai’i, 1989). This is the only commercial harbor in the nation
that is billed as a tourist attraction providing restaurant and shopping opportunities.

Final Report: EPA Grant CD97918401-0

P. L. Jokiel and K S. Rodgers

Page 166

Recreational pole fishing and spearing is popular along this coastline. Numerous dive
operations provide recreational diving activities in this area as well (Tabata, 1992).
Numerous surfing and bodysurfing sites popular for both visitors and locals can be accessed
from this shoreline. Waik ī k ī is world renown for its excellent swimming beaches and year
round surfing. Its protected shoreline and mild currents provide diverse ocean recreational
activities.
Shell collecting occurs off Sand Island and the entrance to the Kalihi Channel (Kay, 1979).
The waters off the Sand Island area are also well known to historic bottle collectors. Other
popular recreational activities include canoe racing, fishing and crabbing. Several
commercial ocean recreation companies provide visitor activities including jet skiing and
water skiing.
Status (Degree of Legal Protection):
The segment of the south O‘ahu coastline extending from Ke‘ehi to Diamond Head includes
three marine protected areas. All three are located in Waik ī k ī . They include a Marine Life
Conservation District and two Fisheries Management Areas (FMA’s): one stream FMA and
one marine FMA. Although most other areas in this region are of open access status,
Honolulu harbor and Kewalo Basin have strict regulations for recreational boat traffic.
Nearshore swimming areas off Ala Moana and Waik ī k ī are also restricted to recreational
boating for swimmer safety. The area off Waik ī k ī is also designated as part of the
Hawaiian Islands Humpback Whale National Marine Sanctuary.
Ala Wai Fisheries Management System
The Ala Wai Fisheries Management System is one of only three stream associated FMAs on
O‘ahu. It was designed to” enhance and improve recreational fishing by restricting certain
types of fishing activities”.
The Waik ī k ī Marine Life Conservation District and Fisheries Management Areaa were
established by the Division of Aquatic Resources in 1981 and 1988 respectively. The
designation of these marine protected areas was established to “protect, conserve and
propagate marine life by prohibiting or limiting consumptive uses of marine resources.
Waik ī k ī -Diamond Head Fisheries Management area
Established in 1981 by Division of Aquatic Resources

Final Report: EPA Grant CD97918401-0

P. L. Jokiel and K S. Rodgers

Page 167

Fig. 3-3. Map of the boundaries of the Waik ī k ī -Diamond Head Fisheries Management Area.

The Waik ī k ī -Diamond Head FMA boundaries extend from the Waik ī k ī War Memorial
Natatorium to the Diamond Head Lighthouse. The boundaries perpendicular to the
shoreline extend from the high water mark to a minimum seaward distance of 165 m (500
yds) or to the edge of the fringing reef, which ever is greater (Fig. 3-3).
Fishing Access
•

"Open access to fishing" from January 1 to December 31 of even-numbered years
(2000, 2002, etc.).

•

"Closed to all types of fishing" from January 1 to December 31 of odd-numbered
years (2001, 2003, etc.).
Types of Fishing Permitted
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•

Fish of legal size that are in season can be taken during the open fishing period.
Hook-and-line, thrownet, handnet, spear fishing and hand harvesting methods can be
employed.

•

Permits are available from the Division of Aquatic Resources to engage in activities
otherwise prohibited by law for scientific, propagation or other purposes deemed worthy.
Prohibited Activities
To take or injure any marine organisms (including eggs) during the "closed fishing"

•

period.
•

To possess any fishing gear in the ocean within the designated FMA during the
"closed fishing" period.

•

Use of spears at night (6:00 pm to 6:00 am) is strictly prohibited during the "open
fishing" period.

•

Possession of any trap or net except thrownet or handnet in the ocean within the
designated FMA during the "open fishing" period.
Waik ī k ī Marine Life Conservation District
Established in 1988 by the Division of Aquatic Resources: 76 acres

Fig. 3-4. The Waik ī k ī Marine Life Conservation District.

The Waik ī k ī MLCD is located at the east end (Diamond Head) of Waik ī k ī Beach. The
boundaries of the MLCD extend from the Kapahulu groin to the west wall (ewa) of the
Natatorium. The seaward boundaries extend from the highwater mark seaward to a distance
of 165 m (500 yds) or to the fringing reef edge, whichever is greater (Fig.3-4).
A dredged boat channel bisects the reef flat in front of the Waik ī k ī Aquarium. While the
reef flat depth is approximately one meter (3-4 ft), channel depths reach 2.5 m (8 ft.). The
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reef flat is composed of coralline algae, rubble and macroalgae. Very little coral occurs on
the reef flat within the MLCD. Large mats of Gracilaria salicornia proliferate in this area.
Attempts to control the spread of this invasive alien alga are currently underway.
During times of high surf sediments are re-suspended and visibility is limited. Fish
populations are most abundant where high relief exists. At the reef edge, small caves,
crevices and arches provide shelter and protection from predators for numerous fish species.
Fish populations are less concentrated on the reef flat that offers little spatial complexity.
The City and County of Honolulu post lifeguards year round at the west end of the MLCD
due to a high concentration of swimmers in this area. Bathymetry of the outer reef edge
with partially exposed reef, forces waves to break in this area creating particularly
dangerous conditions during summer swells.
The City and County of Honolulu provides restroom facilities, showers and emergency
telephones. Public phones, and a snack bar are also located in this area.

•
•
•
•

Prohibited Activities
Absolutely no fishing of any type is allowed within the boundaries of the
MLCD.
No shell collecting or taking of coral is permitted
No injuring of marine organisms including eggs is allowed.
Sand, rocks or any other geologic feature cannot be removed from the area.
Fishing and collecting gear is prohibited within the boundaries of the MLCD.

•

Management Concerns:
Water Quality
Mamala Bay
A lawsuit was brought against the City and County of Honolulu in 1990 by the Sierra Club
and Hawai‘i’s 1,000 friends. City violation of the Federal Clean Water act had occurred on
thousands of occasions at the Sand Island sewage Treatment Plant. The city had been
discharging 82 million gallons of primary treated sewage into Mamala Bay. Another
lawsuit was filed shortly thereafter for similar violations at its Honouliuli Sewage Treatment
Facility. The courts required the city to provide $9 million dollars to conduct a
comprehensive study of the water quality in Mamala Bay. The area of concern extended
from Barber’s Point to Diamond Head.
The three commissioners who decided what research was needed were from the Maryland
Biotechnology Institute, an environmental engineer from U.C. Davis and the president of the
New England Aquarium.
The commissioners summarized their appointed task: "Principal concerns of the Study
included assessment of the health and viability of aquatic ecosystems within Mamala Bay
and evaluation of public health impacts due to use of Mamala Bay waters. Environmental
resources at risk within the Study area were considered to include all those potentially
affected by changes in water quality in Mamala Bay due to either point or non-point sources
of pollution. Public health impacts were considered to include any that resulted from
accidental ingestion of, or contact with, contaminated ocean water or use of environmental
resources in the bay."
Select recommendations included:
To upgrade the level of treatment at both the Sand Island and Honouliuli Plants

•
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To use ultraviolet radiation rather than chlorination to disinfect ocean discharges
To evaluate remedial measures to reduce contamination in the Ala Wai Canal.
To continue monitoring the water quality within Mamala Bay
To maintain the Mamala Bay database
To create a Integrated Coastal Management Forum comprised of representatives
from management, the scientific community and stakeholder groups to strive for
sustainability of the Bay
The Mamala Bay Study Commission released a public report on its findings in 1994.
The groups hired to conduct studies for the Study Commission disagreed on several key
issues. Contradictions of recommendations by these groups were common. One major issue
of concern was the upgrading of the two sewage plants in question. Since 1994, effluent
from required primary treatment of raw sewage is released into the ocean. The Honouliuli
Sewage Plant does not regularly meet even this level of requirement. Although the majority
of the studies attributed the bacterial contamination of the Bay to these outfalls, discharges
are not disinfected prior to release. Dr Richard Grigg of the University of Hawai‘i stated,
"The findings of this study ... do not alone warrant any changes in existing wastewater
treatment practices for effluents discharged into Mamala Bay” (Grigg, 1995), while finding
from the Santa Cruz and Honolulu group claimed: "Upgrading Sand Island and Honouliuli
[wastewater treatment plants] from primary treatment to enhanced primary treatment ... is
required."
There was also disagreement concerning the effects of the outfalls on the beaches most
important to the state’s economy; Ala Moana and Waik ī k ī beaches.
HydroQual Inc., a New Jersey based environmental firm sampled water at 7 beaches along
the south shore: Diamond Head, Queen's Surf, Waik ī k ī , Ala Moana, Sand Island, Ewa, and
Oneula. Over the one-year period of the study, simulations of weather and current patterns
showed fecal coliform bacteria standards exceeded 17 times attributing the contamination to
the outfall 94% of the time. Enteroccoci standards were exceeded over 400 times with half
of these directly related to the outfall effluent.
This data was contradicted by The University of Hawai‘i’s Water Resources Research
Center under contract by the City and County of Honolulu. Their conclusions were that "the
primary treated and non-disinfected sewage from these two ocean outfalls are rapidly diluted
by ocean water and currents predominately transport the sewage away from the land. Thus,
the fecal indicator concentrations at the shoreline sites were not measurably increased as a
result of these two ocean outfalls (Fujioka, 1995)."
Another controversy involved the transport of pathogens from the outfall.
The Georgia Institute of Technology modeled sewage plumes using ocean and tidal currents.
The model did not include either northeast trade winds or southerly Kona winds under the
assumption that tradewinds would blow the plumes offshore. Conclusions were that these
sewage plumes "do not intersect the Waik ī k ī beaches, implying that the probability of
impaction there is vanishingly small” and that "occasional onshore excursions may occur but
dilutions will be very high."
In contradiction to this, an extremely concentrated sewage plume arrived at Waik ī k ī beach
in 1994. Blumberg and Connolly concluded that "The event to be analyzed here, which
occurred on May 22,1994, is of special interest because it happened under hydrodynamic
conditions that have previously been considered highly unfavorable for the transport of
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outfall effluent to the beaches." Among the "unfavorable" conditions was the fact that trade
winds had prevailed the previous week. They also state that the water column was stratified
during that week referring to the temperature difference between surface and subsurface
layers. This results in the submergence of the plume even though the density of freshwater
causes it to float above seawater. This submergence trapped the Sand Island sewage effluent
in the bottom half of the ocean for a week before the event. The plume was transported at a
depth of 70 m (230 ft) by subsurface ocean currents that shifted to an easterly direction and
by wind driven surface currents. The plume rose to the surface and was transported to the
inshore waters of Ala Moana and Waik ī k ī beaches. It was concluded that this occurrence
was not anomalous since during winter months transport conditions are favorable due to
unstratified waters and intermittent Kona winds. Pathogens transported at depth as in this
instance, remain out of contact with harmful sunlight which can inactivate them. Inactive
cells are still viable but can not reproduce in culture.
Contradictions continued in studies designed to determine the impact of the sewage effluent
on the biota in Mamala Bay. Julie and Richard Brock of the University of Hawai‘i and Sea
Grant Program summarized their findings by stating that "there is no quantitative evidence
supporting the view that the discharge of sewage is impacting the shallow reef resources
shoreward of the two sewage outfalls." They found that the rock placed to armor the outfall
pipe created habitat for fishes and corals.
Research conducted by Edward Laws of the University of Hawai‘i and David Ziemann of
the Oceanic Institute claimed the discharges had some impact on the biota. "Although the
sewage discharges are undoubtedly having some impact on water quality and the biological
community in Mamala Bay, there is virtually no evidence to indicate that water quality or
the phytoplankton community at recreational beaches is being impacted by sewage."
Contaminants
Point source studies determined the likely source of heavy metals such cadmium, zinc,
chromium and copper to be the sewage outfalls. Non-point source contaminants include
organic compounds and anti-fouling paints used on ships and small boats in Honolulu
Harbor, Sand Island, Ke’ehi lagoon, Kewalo Basin and Ala Wai Yacht harbor. These
compounds were found to have the potential to seriously affect the biological communities
in Mamala Bay. Zinc and copper also contributed from non-point sources can have extreme
deleterious effects on coral growth. Although these point and non-point discharges were
reported not to threaten the public use of beaches in the area, organic and chemical
pollutants may have long-term, chronic impacts on the biota.
Invasive Species
Invasive species can seriously alter the marine ecosystem. These aliens can compete with
native species for resources and can displace endemics that have a limited range. They also
spread pathogens, change successional patterns and can alter the physical and ecological
environment.
High growth rates, effective propagation, and morphological plasticity can accelerate the
spread of introduced species. Acanthophora spicifera and Hypnea musciformis, two
introductions that have spread statewide, possess traits that favor them over native species
(Carpenter 1990). It has been demonstrated that Kappaphycus alvarezii occurs adjacent to
and overgrows indigenous species thus making it a potential competitor of native algae
(Rodgers and Cox 1999).
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Foreign species can enter harbors and bays attached to ship hulls and in ballast water. Most
of the foreign ship traffic arrives in this sector of the south shore where deep draft harbors
can accommodate their needs. Honolulu Harbor and Kewalo Basin receive over 1500 large
vessels a year. It has been determined that most marine introductions have originated in
harbors. Currently, 287 non-native marine invertebrate species have been identified. The
overwhelming majority of these introductions arrive from the Indo-Pacific/Philippines and
the tropical western Atlantic/Caribbean regions. An example of an alien harbor introduction
is Kappaphycus alvarezii (formerly described as Eucheuma striatum) that was introduced
into Honolulu Harbor in September 1974 from the Phillipines and has become established in
several locations on O‘ahu.
Ecological invasions can advance rapidly and have negative effects on marine ecosystems.
The introduction of alien species must be minimized and their spread addressed.
Knowledge of the ecology of introduced species and monitoring of the extent of their spread
will aid in conservation and management of Hawaiian coral reef ecosystems.
Noteworthy Biota or Ecological Conditions:
Gracilaria salicornia, introduced to Waik ī k ī in April 1971 from the Island of Hawai‘i
spread rapidly and currently dominates the reef flat fronting the Waik ī k ī aquarium.
Waves and currents disperse large unattached mats.
Removal of the alien algae began in 2000 by the University of Hawai‘i’s Botany Dept. This
collaborative work involves state, private and non-governmental agencies and other U.H.
departments including the Division of Aquatic Resources, Reef Check, the Nature
Conservancy, the UH Hawai’i Coral Reef Initiative, U.H. Zoology department and the
Waikiki Aquarium.
Historical and Cultural Importance:
Prior to the 20th century, several hundred fishponds were reported in the Waik ī k ī /Ke‘ehi
area. Currently endangered waterfowl were prevalent in the shallow mudflats of Ke‘ehi
Lagoon. Waik ī k ī was home to the ali‘i or royalty until the 1800’s. The abundant lo‘i (taro
fields), fishponds and lucrative nearshore fisheries made this ahupua‘a (land division) one
of the most desirable in state.
Several historic places and world famous landmarks are located in Waik ī k ī .
The capital city of Honolulu grew around Honolulu Harbor, which served as the major port
for the whaling industry, fur traders and ships carrying California gold miners.
Scientific Importance and Research Potential:
Extensive research has been conducted on the south shore of O’ahu. Fish populations have
been surveyed at Waik ī k ī since the 1980’s by the Division of Aquatic Resources. The
Waik ī k ī and Diamond Head marine protected areas have been used as a model to assess
the effectiveness of MPAs by Drs. Carl Myers and Alan Friedlander. Extensive bathymetric
mapping, aerial photography and satellite imagery of this segment of the coastline is
available through research conducted by the United States Geodetic Survey (USGS).
The Coral Reef Assessment and Monitoring Program (CRAMP) conducted over 100 rapid
assessments in the Waik ī k ī /Diamond Head region in 2002. A permanent site was
established in 2003 in the Ala Wai area to collect baseline data. Periodic resurveys will
monitor benthic changes at the site.
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The University of Hawai‘i’s Botany Dept. in conjunction with state, federal and nongovernmental organizations have collected over 20 tons of the alien alga, Gracilaria
salicornia in Waik ī k ī clean-ups. Phychological field research on the growth, distribution
and abundance of the introduced algae has been conducted in the area.
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there are encrusting bryozoans, oysters, and coralline algae, but corals are rare. The
surrounding substratum slopes from 30-36 m and includes sand, coral rubble and rock, and
the corals P. meandrina, P. lobata and Montipora verrucosa. The largest of the 249 P.
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Abstract: The standing crop of seaweeds was estimated monthly over a 22 mo period from
1971 to 1973 on a reef at Waikiki, Honolulu, Hawaii. Wet and dry standing crops averaged
1.2 and 0.26 kg m super(-2),respectively. Approximately 70% of the total biomass was
contributed by a single species, Sargassum polyphyllum , and the remainder was contributed
by 29 other species. The size of the total standing crop and of S. polyphyllum in particular
was highly correlated with antecedent water temperatures. The highest correlation was with
temperatures recorded 3 to 4 wk prior to the estimate of standing crop. Approximately 65%
of the variability of the standing crop on the reef was explained by this single variable.
Multiple linear-regression analyses did not uncover further significant environmental factors
related to the S.polyphyllum standing crop.
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sequence of autogenic succession. Sediment is a major pollutant in Hawaii. The model was
tested on sediment stressed reefs at Hanauma Bay (control) and at Waikiki(test reef).
Increased sediment cover was correlated with decreased coral cover, increased algal cover in
shallow water and decreased cover in deeper water. Coral species diversity(ShannonWeaver index) increased with moderate sedimentation dueto suppressed interspecific
competition and then delined with increased sedimentation. The Pielou Evenness index was
decreased by sediment stress.
Hawaii Office of Environmental Quality Control 1971. Report on Keehi Lagoon and
Waikiki Beach water quality [Honolulu] 1971 - Call Number: UH MANOA TD324.H6
H37
Comments: Measurements of coliform bacteria, pathogens and toxic chemicals in waters of
Keehi Lagoon and Waikiki.
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3.1 Sector: Ala Wai
Geographic Location: From Diamond Head shoreline (21o 15.5' N, 157o 49.1' W) to Kaka'ako
(21o 17.6' N, 157o 51.8'W)
Watershed: Ala Wai
Human Population: 105,365
Area in Acres: Ala Wai (4,099)
Perennial Streams: Ala Wai Stream

Fig.3-1-1. Map of the Ala Wai watershed.
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Fig. 3.1-2. Map of perennial streams in the Ala Wai segment.

The main discharge of surface water into this reef sector is the Ala Wai canal. The canal
receives runoff from a large urban region. Perennial stream flow feeding Ala Wai Stream
includes Palolo and Mānoa Streams. Other influences include drainage ditches, storm
drains and industrial discharge.
The canal is fed by three drainage areas: Makiki 1,687 acres, Mānoa and Pālolo drainage
system 6,247 acres and storm runoff from Kapahulu, Waik ī k ī , Ala Moana and Mō ‘ili‘ili
4,099 acres (Fig. 3-2).
Physiography:
Shoreline
Ala Moana Beach
Ala Moana Beach was constructed along a dredged inshore area and consists. This artificial
beach consists of imported sand. The beach is approximately 150 ft wide.
Magic Island
Magic Island to the east of Ala Moana Park is a reclaimed peninsula that was originally
created for the development of a resort hotel. The project failed and the peninsula
eventually developed into a park. Dredged material was added to 30 acres of reef flat in
1964. To protect the imported beach from wave erosion, a breakwater was constructed of
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boulders. The dredged lagoon is flushed by water entering between breaks in the
breakwater.
Fort DeRussy Beach
In 1971 a project to widen Fort DeRussy Beach began. The texture and color of the
crushed coral was found to be undesirable and additional sand was imported in 1975 to
create the widest stretch of beach in Waik ī k ī . Following restoration, this military
reservation increased its width to 45 to 60 m (150 to 200 ft) by 550 m (1,800 ft). A rubble
mound protecting a storm drain acts like a groin at the southeast end of the beach.
The swimming area extending 60 m (200 ft) from the shoreline was dredged in the early
1900’s for use as fill material. It was later filled with spoils from other dredging projects to
decrease its depth to 2.4 m (8 ft). Fort DeRussey is a rest and recreational area for the U.S.
armed forces with public access to the beach from Kalia road and DeRussy Place. Other
facilities are strictly for use by military personnel.
Diamond Head was formed by rejuvenated volcanics of the Honolulu series after a
dormancy of the Ko‘olau volcano of over one million years. Hawai‘i’s most famous
volcanic landmark was formed when lava from the Kaimuki fissure contacted saturated
rocks creating a violent steam explosion. Due to prevailing northeast tradewinds the
resultant tuff cone was built up higher on the southwest side. Coral fragments embedded in
the tuff of the cone were blasted by explosions that broke through the reef platform. These
limestone deposits can be seen even at the highest elevations: 229 m (760 ft). Extensive
fluvial erosion has occurred on the seaward side of the formation. Although the cone itself
lies outside of the Ala Wai watershed, drainage from the watershed affects the Diamond
Head beaches and shoreline. The elevation within the watershed ranges from 800 m (2,438
ft) to sea level.
Reef Structure, Habitat Classification:
The reef at Waik ī k ī extends 1,000 to 2,000 ft offshore. At low tide some areas are exposed.
Freshwater input off Kū hiō beach created a channel and inhibited localized growth of
corals. The reef crest drops rapidly to over 600 ft just a little over a mile offshore.
Kaka‘ako
Rubble overlays a consolidated limestone structure in the nearshore environment. Limited
fish and benthic populations can be found here with the greatest concentrations of fishes
residing offshore close to the Kewalo Basin Channel with over 65 species of reef fishes
reported from this area.
Magic Island
The substrate off Magic Island is dominated by macroalgae (40%) and coralline algae (40%)
with about 20% coral cover to approximately 9 m (30 ft). At shallower depths the coral
cover is <5%. Pocillopora meandrina dominates in shallow waters. Coral cover gradually
increasing to 30 to 60 % at a depths up to 20 m (65 ft). Porites compressa is the dominant
coral at shallower depths while Porites lobata dominates at deeper depths.
Ala Wai Yacht Harbor
The shallow fringing reef off the Ala Wai Yacht Harbor consists mainly of sand and rubble.
Sand collects in surge channels on the reef margin and slope to a depth of 9 m (30 ft) off Ala
Moana and the Ala Wai. Sand dominates between 10 and 15 m (33 to 50 ft). Below this
depth large Porites colonies are found scattered between sand, rubble and algae.
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Kahanamoku Beach
An artificial lagoon and beach was created for the Hilton Hawaiian Hotel at the west end of
Waik ī k ī . Kahanamoku Beach was completed in 1956 by introducing sand along the 300 m
(1,000 ft) shoreline. The shallow fringing reef was dredged to a depth of 2 m (7 ft) to
enhance the swimming area. The lagoon behind the beach was dredged to 5 m (14 ft) to
create the 2.4 ha (6 acre) gradually sloping depression. The lagoon exchanges water with
the ocean through a circulation system. To protect the beach from erosion, a narrow strip of
shallow reef was left undredged. The narrow, shallow “Kaiser’s Channel” extends out from
the swimming area.
Groins and seawalls contain imported sand for two miles east of Kahanamoku Beach.
Shoreline alterations to reduce beach erosion were first attempted in the early 1900’s.
Private and public remedial projects continue today in attempts to improve the effectiveness
of protective structures along the shoreline.
Fort DeRussy Beach
Consolidated limestone forms the shallow reef flat fronting Fort DeRussy Beach. Rubble
overlays this limestone base between 3 and 15 m (10 and 50 ft). Below 6 m (20 ft) scattered
sand patches are common extending seaward as the reef slopes.
Few corals inhabit the shallow reef flat directly in front of Fort DeRussy Beach. Cover
increases to about 10% at depths between 3 and 6 m (10-20 ft) on the upper reef slope with
Porites lobata as the most common species. Coral cover increases to about 30% on the
deeper reef slope and disappears completely below approximately 12 m (40 ft). Sand and
rubble cover the substrate below this depth.
Gray’s Beach
Sections of the narrow beach fronting the Halekulani and Sheraton Hotels are submerged
during high tides and experience seasonal fluctuations in width. An ancient stream created a
narrow sand channel known as Gray’s or Halekulani Channel that extends off the beach.
Kū hiō Beach to Diamond Head
Coral cover is low in shallow reef flat areas. Nearshore coral was cleared to enhance
swimming in the Kū hiō Beach region.
The fringing reef is very narrow in the Kū hiō Beach section. Further east along the
coastline, limestone outcrops and rubble dominate with large pocket of sand found offshore.
The natural Kapua Channel extends out from San Souci Beach and a deeper dredged
channel is located in front of the Outrigger Canoe Club to provide moorings for small boats.
In the past, sandy beaches could be found from the end of Kalakaua Avenue to Diamond
Head’s Beach Road. Today, seawalls protect high priced homes built too close to the
shoreline from the late 1800’s on. Beach erosion was accelerated and sand movement
altered by groins that were constructed to protect these homes. The high retention walls
added for further protection left the area west of the lighthouse with very little sand. The
tuff foundation underlies a narrow bench formed from lithified sand. Tsunami run-up was
recorded at Diamond Head Beach Park in 1946 to be 4m (12 ft) above sea level.
A discontinuous fringing reef overlaid by sand, rubble and reef rock extends 460 ft (1,500 ft)
seaward on the southwest face of Diamond Head. Shallow surge channels dissecting the
reef widen into large, scattered sand patches. Rugosity increases offshore with areas with
ledges and ridges. Macroalgae dominates in shallow waters and at the margin of the reef
front. Pocillopora meandrina, a wave resistant coral species can be found in low abundance
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(<5%) in this region of high wave activity. Below 9 m (30 ft) low P. meandrina ridges and
areas of dense macroalgae are recorded.
Oceanographic and Meteorological Conditions:
Upper regions of the Ala Wai watershed near the Ko‘olau mountains receive over 155
inches of precipitation a year while the lower reaches near Waik ī k ī receive less than 25
inches a year. As with the majority of the Hawaiian Islands with the exception of Kona on
the Island of Hawai‘i, this area receives most of its rainfall during the winter months.
Wave and Current Regime:
The Ala Wai area is sheltered from North Pacific winter storm surf and as typical north-east
tradewind generated waves. South swells during summer months can produce large swells
and infrequent Kona or south storms also impact the south shore of all islands.
Much of the shallow fringing reefs that once naturally provided protection to the coastline
have been dredged and filled. Protective structures have been constructed to stabilize the
shoreline in the Kakaako area.
Nearshore currents are tide and wind driven.
Human Use Patterns:
Waik ī k ī was originally a wetland and estuary that supported native wildlife. This was later
converted to terraced wetland agriculture of taro (lo‘i) and fishponds for aquacultural
purposes. Duck ponds were later added. These waters were fed by underground springs
accounting for the name Waik ī k ī or spouting waters. To reclaim this land for
development, the Ala Wai canal was dredged. This two-mile man-made waterway was
dredged to a depth of 10 to 25 ft below mean sea level. Eutrophication and sedimentation
from upstream sources have filled the canal to an average depth of 2 to 10 ft. This greatly
reduced the carrying capacity of the canal. Decadal dredging had been recommended by the
Board of Health but the last dredging was conducted in 1978. In 2001 and 2002 dredging
operations removed 170,000 cubic yds. of fill at a cost to the City of Honolulu of $ 7.4
million dollars. Still well below original depths, this recent dredging has increased depth to
6 to 12 ft.
Extensive modification of the Waik ī k ī shoreline has occurred including the addition of
groins, seawalls, private and public structures including hotels and the natatorium. Manmade or enhanced beaches have led to erosion of the shoreline and scouring of corals
offshore (Army Corp of Engineers, 2003).
The reef off Waik ī k ī is popular with commercial dive operations as well as local
spearfishermen (Tabata, 1992). Shells are collected in waters between 15 and 21 m (50 and
70 ft.).
Shoreline pole and line fishing use is moderate to heavy especially along the Ala Wai Canal
and the Kapahulu groin.
The Waik ī k ī area is well known for its excellent year round surfing conditions. Outrigger
canoes and novice visitors utilize the consistent waves at “Canoes” off Kuhio Beach while
more experienced local surfers can choose from numerous breaks across this section of the
coastline from Ala Moana to Diamond Head. Summer swells create the best surf conditions
on the south shore of O‘ahu.
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Canoe paddling teams use the Ala Wai Canal, Magic Island and Outrigger Club House areas
to practice during racing season.

•
•
•
•
•
•

Economic Value and Social Benefits:
Waik ī k ī is extremely significant to the economic well being of the state. Employment
opportunities include marine recreational activities, hotels and condominiums and numerous
tourist related businesses. Hawai‘i receives over 7 million visitors a year with over 85%
using the marine resources (Rodgers, 2003). In 1998, over 11 billion dollars was
contributed to the state’s economy by tourism. The multiplier effect of tourism is
responsible for over one-third of all personal income in the state (Hawai‘i DBEDT, 2000).
Over 1,000 ocean recreational companies exist to accommodate the states
number one industry, tourism.
Numerous residential neighborhoods in the surrounding area substantially
increases the population.
The Ala Wai Golf Course run by the City and County of Honolulu generates
over 2 million dollars a year.
The Ala Moana Shopping Center is one of the most productive shopping
malls in the nation.
The Hawai‘i Convention Center brings over 16,000 people to the state each
year.
The Ala Wai Yacht Harbor provides over 1,000 berthing spaces and
moorings. Several Yacht clubs host visiting yachts and sponsor the world renown
Transpacific Yacht Race.
Ala Wai boat launch provides ocean access to local residents with small recreational boats.
Recreational fishing is popular in unrestricted areas. Pole and line fishing by locals in the
Ala Wai Canal is still practiced for recreation and subsistence purposes. Eleven fish species
of recreational importance have been recorded among the 19 species in the canal. The
breakwaters along Magic Island are also popular among local fishermen. Spearfishing is
common in open access areas.
Kaimana Beach is the entry point for the annual Labor Day Rough Water Swim which
attracts hundreds of locals and visitors. The swim follows the coastline for 3.8 km (2.4
miles) to the beach off the Hilton Hawaiian Village.
The Kaka‘ako Waterfront master plan proposes continued development of waterways and
parks. Commercial development of 7.5 million sq. ft. is currently under construction.
Status (Degree of Legal Protection):
The nearshore coastal waters extending from the Ala Wai Canal to the end of Kaka‘ako have
been designated “Class A” State waters by the State Dept. of Health (DOH). Kewalo Basin
also has a “Class A” embayment status to be protected for “recreational uses, aesthetic
enjoyment and propogation of marine life.
Three areas within the Ala Wai watershed have been designated as protected areas by the
Division of Aquatic Resources. They include a Marine Life Conservation District and two
Fisheries Management Areas (FMA’s): one stream FMA and one marine FMA. Although

Final Report: EPA Grant CD97918401-0

P. L. Jokiel and K S. Rodgers

Page 185

most other areas in this region are of open access status for shoreline fishing, Waik ī k ī has
strict regulations for recreational boat traffic due to satety concerns for swimmers. The area
off Waik ī k ī is also designated as part of the Hawaiian Islands Humpback Whale National
Marine Sanctuary.
Ala Wai Fisheries Management System
The Ala Wai Fisheries Management System is one of only three stream associated FMAs on
O‘ahu. It was designed to” enhance and improve recreational fishing by restricting certain
types of fishing activities”.
The Waik ī k ī Marine Life Conservation District and Fisheries Management Areaa were
established by the Division of Aquatic Resources in 1981 and 1988 respectively. The
designation of these marine protected areas was established to “protect, conserve and
propagate marine life by prohibiting or limiting consumptive uses of marine resources.
Waik ī k ī -Diamond Head Fisheries Management area
Established in 1981 by Division of Aquatic Resources
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Fig. 3.1-3. Map of the Waik ī k ī -Diamond Head Fisheries Management Area.

The Waik ī k ī -Diamond Head FMA boundaries extend from the Waik ī k ī War Memorial
Natatorium to the Diamond Head Lighthouse. The boundaries perpendicular to the
shoreline extend from the high water mark to a minimum seaward distance of 165 m (500
yds) or to the edge of the fringing reef, which ever is greater.
Fishing Access
•

"Open access to fishing" from January 1 to December 31 of even-numbered years
(2000, 2002, etc.).

•

"Closed to all types of fishing" from January 1 to December 31 of odd-numbered
years (2001, 2003, etc.).
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Types of Fishing Permitted
•

Fish of legal size that are in season can be taken during the open fishing period.
Hook-and-line, thrownet, handnet, spear fishing and hand harvesting methods can be
employed.

•

Permits are available from the Division of Aquatic Resources to engage in activities
otherwise prohibited by law for scientific, propagation or other purposes deemed worthy.
Prohibited Activities
To take or injure any marine organisms (including eggs) during the "closed fishing"

•

period.
•

To possess any fishing gear in the ocean within the designated FMA during the
"closed fishing" period.

•

Use of spears at night (6:00 pm to 6:00 am) is strictly prohibited during the "open
fishing" period.

•

Possession of any trap or net except thrownet or handnet in the ocean within the
designated FMA during the "open fishing" period.
Waik ī k ī Marine Life Conservation District
Established in 1988 by the Division of Aquatic Resources: 76 acres

Fig. 3.1-4 Map of the Waik ī k ī Marine Life Conservation District.

The Waik ī k ī MLCD is located at the east end (Diamond Head) of Waik ī k ī Beach.
The boundaries of the MLCD extend from the Kapahulu groin to the west wall (ewa) of the
Natatorium. The seaward boundaries extend from the highwater mark seaward to a distance
of 165 m (500 yds) or to the fringing reef edge, whichever is greater.
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A dredged boat channel bisects the reef flat in front of the Waik ī k ī Aquarium. While the
reef flat depth is approximately one meter (3-4 ft), channel depths reach 2.5 m (8 ft.). The
reef flat is composed of coralline algae, rubble and macroalgae. Very little coral occurs on
the reef flat within the MLCD. Large mats of Gracilaria salicornia proliferate in this area.
Attempts to control the spread of this invasive alien alga are currently underway.
During times of high surf sediments are re-suspended and visibility is limited. Fish
populations are most abundant where high relief exists. At the reef edge, small caves,
crevices and arches provide shelter and protection from predators for numerous fish species.
Fish populations are less concentrated on the reef flat that offers little spatial complexity.
The City and County of Honolulu post lifeguards year round at the west end of the MLCD
due to a high concentration of swimmers in this area. Bathymetry of the outer reef edge
with partially exposed reef, forces waves to break in this area creating particularly
dangerous conditions during summer swells.
The City and County of Honolulu provides restroom facilities, showers and emergency
telephones. Public phones, and a snack bar are also located in this area.
•
•
•
•
•

Prohibited Activities
Absolutely no fishing of any type is allowed within the boundaries of the
MLCD.
No shell collecting or taking of coral is permitted
No injuring of marine organisms including eggs is allowed.
Sand, rocks or any other geologic feature can not be removed from the area.
Fishing and collecting gear is prohibited within the boundaries of the MLCD.
Management Concerns:
Freshwater, nutrients and contaminants from the entire watershed exit the Ala Wai Canal
affecting the near-shore environment of Māmala Bay. This issue of water quality is of great
concern to managers. Māmala Bay which encompasses the area from Kalaeloa to Diamond
Head is influenced by both point and non-point source pollution. Extensive dredging and
shoreline modifications has altered the reef ecosystem. According to the Māmala Bay
Study, wastewater discharge is thought to have minimal impact to the biotic environment.
In 1998, the Ala Wai Canal did not meet the state water quality standards and was
designated as a Water Quality Limited Segment (WQLS). Nutrients, metals, suspended
solids and turbidity exceeded national limits. The List of Impaired Water Bodies (2002)
included several streams that feed into the canal. Upstream sampling revealed elevated
levels of phosphorus and nitrogen in Makiki Stream, nutrients, turbidity, dieldrin and
chlordane in Mānoa Stream and trash in Pālolo Stream. The Ala Wai Canal and Harbor
exceeded limits for nutrients, turbidity, metals, suspended solids, pathogens, organochlorine
pesticides, lead, enterococci, Phosphorus, nitrogen, chlorophyll-a and fecal coliform.
Sediments and tissue samples obtained by resident crab populations revealed high levels of
heavy metal contamination. Pesticide analyses in the early 70’s showed high concentrations
of dieldrin and chlordane once used in termite control. Eutrophication near the mouth of the
canal is evident in the increased phytoplankton production, and high nutrient concentrations
and sediment loads.
Embayments such as the Ala Wai Boat Harbor are important nursery ground for many
native juvenile fishes yet the harbor does not meet the requirement standards for
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microbiological contaminants set by the Board of Health. Enteric viruses found in domestic
sewage can be attributed to live aboard boats. Debris and silt are common after heavy rains
and oil slicks are often visible on surface waters.
Due to the contamination in the stream and Harbor, several beaches in the surrounding area
were also listed in 2002 in the List of Impaired Water Bodies.
Gray’s Beach exceeded levels of nitrogen, chlorophyll-a and turbidity
Kahanamoku Beach-enterococci
Kū hiō Beach-enterococci
Māmala Bay-chlorophyll-a, nitrogen, enterococci
Most of the Waik ī k ī shoreline is excluded from upper watershed runoff by the Ala Wai
Canal. In most areas water quality and clarity improve with distance from the canal. One
exception may include the coastal waters off Diamond Head. Although this region
experiences no direct point source pollution, chlorinated swimming pool discharges decrease
onshore visibility at times and have been reported to affect local fish populations.
Much of the imported sands off Waik ī k ī have filled in low areas in the reef reducing
topographical relief important to fish populations. Resuspension of these sands continue to
scour the substrate inhibiting coral growth and recruitment. The accumulation of imported
sand in offshore areas have altered the waves at some of Waik ī k ī ’s surfing spots.
A sand channel off Kū hiō Beach is a remnant of the Ku‘ekaunahe Stream which was
submerged when sea levels rose. Rip currents in this channel during high surf conditions
contribute to loss of sand to deeper waters. Large sand deposits lie offshore and within the
channel.
The entire ecosystem has not been thoroughly studied with most studies focusing on a single
species or particular area. Both the marine and the terrestrial environments have been
heavily modified and are extremely disturbed. These interact in very complex ways
modifying physical, chemical and biological processes and patterns.
The extremely invasive alga, Gracilaria salicornia has spread extensively since its
introduction in April, 1971 from the Island of Hawai‘i (Russell, 1992). Gracilaria usually
found in calm, protected waters has genetically and environmentally adapted to varying
water motion regimes. High growth rates, morphological plasticity and effective
propagation can accelerate the spread of algae in new areas (Carpenter 1990).
Noteworthy Biota or Ecological Conditions:
The aquatic and riparian environments have been severely impacted by stream
modifications, adjacent development, coastal construction and the introduction and spread of
invasive species. Invasive aliens such as Tilapia mosambique found in the Ala Wai Canal
and Gracilaria salicornia occurring in the nearshore area in front of the Waik ī k ī Aquarium
can survive in varying conditions and possess characteristics that allow them to adapt to
invaded areas, competing with native species for food, resources and habitat.
Historical and Cultural Importance:
Until the 1800’s Waik ī k ī was home to the ruling ali‘i or chiefs of O‘ahu. The protected
south shoreline provided excellent surfing and access for fishing canoes. Accounts in 1825
recount several hundred fishponds extending over a mile inland from the shore. Taro fields
(lo‘i) provided food for an expanding population. With an abundant offshore fish supply as
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well, the ahupua‘a of Waik ī k ī was one of the most lucrative land divisions on O‘ahu (Army
Corp of Engineers 2003).
Shell collecting was common prior to the construction of Magic Island.
Four large boulders were imported from Kaimuki by ancient Hawaiians to Kū hiō Beach to
honor a visit of four scholars to the islands. These boulders were later given the name
“Wizard Stones” to define their purpose.
Man-made structures of historical importance include:
The Royal Hawaiian Hotel is listed in the National Registry of Historical
Places.
The Waik ī k ī War Memorial Natatorium was built as a memorial to honor
those in World War l.
The first submarine communication cable was laid between Waik ī k ī and
San Francisco in 1902.
The Waik ī k ī Aquarium was originally the Hawai‘i Marine Laboratory in the
1920’s supporting some of the earliest scientific research in the State.
Natural structures of historical importance include:
Diamond Head (Leahi) has the distinction of being classified as a National
Natural Landmark
Scientific Importance and Research Potential:
Ala Wai Canal
As improvements to the Ala Wai Canal and the surrounding watershed continue, it will be
increasingly valuable to monitor changes in the near-shore marine environment. Changing
baselines require quantification at each stage to better manage the system and understand
and provide solutions to current problems. Continued monitoring will help evaluate the
results of management actions.
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Annotated Biblography
Beach, K. S., R. Harris, et al. 1995. Net phytoplankton of the Ala Wai Canal, O'ahu,
Hawai'i. Pac Sci 49(4): 332-340. - Call Number: UH MANOA QH1 .P33
Abstract: Phytoplankton includes a minimum of 20 diatom genera, four dinoflagellaate
genera and one cyanophyt genus. Dinoflagellates dominate between head of the Ala Wai
Canal and the Manoa-Palolo Stream mouth because of physical conditions of stagnation and
low oxygen. Lyngbya (Cyanophyta) occurs throughout the canal at low densities.
Distribution of the dominant diatom Skeletonema costatum and similarity of phytoplankton
population across sites indicates the migration of plankton is tidally controlled.
Brasfeild, C. W. and C. E. Chatham 1967. Magic Island Complex, including Kewalo Basin
and Ala Wai Boat Harbor, Honolulu, Oahu, Hawaii Technical report (U.S. Army Engineer
Waterways Experiment Station) ; no. 2-767. - Call Number: UH MANOA D 103.24/2:2767
Comments: Hydraulic model for testing effect of filling shoreline between Ala Wai and
Kewalo Basin to create beaches adjacent to Ala Moana Park and Magic island. Model
indicated sufficient circulation to prevent stagnation of inner lagoon, but aggravation of
unfavorable wave conditions existing in Kewalo Basin.

Coles, S. 1999. Non-indigenous marine species introductions in the harbors of the south
and west shores of Oahu, Hawaii: Final report. Bishop Museum Press, c1999 - Call
Number: UH MANOA QH198.H3 C64 1999
Abstract: The south and west shore harbor system of Oahu consists of five harbors used for
commercial vessels, fishing boats or recreational craft, in addition to the U.S. Naval Base at
Pearl Harbor. The oldest of these harbors is Honolulu Harbor, which has been used by ocean
going vessels for more than 200 hundred years, and the youngest is the Barber's Point Deep
Draft Harbor, which was enlarged to accommodate ocean-going cargo vessels about 25
years ago. The remaining three harbor areas are Kewalo Basin, used primarily for small to
medium-sized fishing craft, the Ala Wai Yatch harbor, which provides docks for more than
1000 sailboats and motor vessels, and Keehi Lagoon, the site of a small marina and waterrelated receational activities. Kewalo Basin and the Ala Wai have been in use for much of
this century, while the three seaplane runways that make up much of Keehi Lagoon were
dredged from shallow areas during and after WWII. The current configurations of all of the
harbors have been highly modified from natural conditions, especially for Honolulu Harbor
where extensive dredging and filling has been conducted for more than a century, enlarging
the harbor to over more than twice its original size.
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De Carlo, E. H. and K. Spencer 1995. Record of lead and other heavy metal inputs to
sediments of the Ala Wai Canal, O'ahu, Hawaii Pac Sci 49(4): 471-491. - Call Number:
UH MANOA QH1 .P33
Abstract: Sediment cores from the Ala Wai representing 60 years of sedimentation indicate
a spike of elevated Pb concentrations ranging from < 10 ppm in the oldest samples up to 750
ppm during the mid-1970s and decreasing to 100-300 ppm in recent deposits, indicating the
influence of vehicle emissions and restriction of PB from gasoline. Other metals (CD, Cu,
Zn) also showed increasing concentrations with time, but no mid 70s spike, indicating a
continued and gradual increased input of the metals from the watershed associated with
increasing anthropogenic activity. Co and Ni occurred in concentrations consistent with
natural sediments.
Friedlander, Alan 1996. Spatial and Temporal Variation in the distribution of Coral Reef
Fishes on an Exposed Shoreline in Hawaii Ph.D. thesis, Zoology. University of Hawaii at
Manoa - Call Number: UH MANOA AC1 .H3 no.3420
Abstract: Portions of the thesis were published in the Journal Experimental Marine Biology
and Ecology 1998. Thesis includes: Fish Transects (weight, length, species diversity,
evenness, individuals, # of species), map, wave height, standing stock, rugosity, remote
visual surveillance, Creel census (gear type, gear hours, annual catch, type of catch).
Glynn, PW; Ault, JS 2000. A biogeographic analysis and review of the far eastern Pacific
coral reef region Coral reefs. Heidelberg etc. [Coral Reefs], vol. 19, no. 1, pp. 1-23, 2000 Call Number: UH MANOA QE565 .C68
Abstract: New information on the presence and relative abundances of 41 reef-building
(zooxanthellate) coral species at 11 eastern Pacific and 3 central Pacific localities is
examined in a biogeographic analysis and review of the eastern Pacific coral reef region.
The composition and origin of the coral fauna and other reef-associated tax are assessed in
the context of dispersal and vicariance hypotheses. A minimum variance cluster analysis
using coral species presence-absence classification data at the 14 localities revealed three
eastern Pacific reef-coral provinces: (1) equatorial - mainland Ecuador to Costa Rica,
including the Galapagos and Cocos Islands; (2) northern - mainland Mexico and the
Revillagigedo Islands; (3) island group - eastern Pacific Malpelo Island and Clipperton
Atoll, and central Pacific Hawaiian, Johnston and Fanning Islands. Coral species richness is
relatively high in the equatorial (17-26 species per locality) and northern (18-24 species)
provinces, and low at two small offshore island localities (7-10 species). A high proportion
(36.6%, 15 species) of eastern Pacific coral species occurs at only one or two localities; of
these, three disappeared following the 1982-83 ENSO event, three occur as death
assemblages at several localities, and five are endangered with known populations of ten or
fewer colonies. Principal component analysis using ordinal relative density data for the 41
species at the 14 localities indicted three main species groupings, i.e., those with high, mid,
and narrow spatial distributions. These groupings correlated with species populationdynamic characteristics. These results were compared with data for riverine discharges,
ocean circulation patterns, shoreline habitat characteristics, and regional sea surface
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temperature data to help clarify the analyses as these measures of environmental variability
affect coral community composition. Local richness was highest at localities with the
highest environmental variability. Recent information regarding the strong affinity between
eastern and central pacific coral faunas, abundance of teleplanic larvae in oceanic currents,
high genetic similarity of numerous reef-associated species, and appearances of numerous
Indo-west Pacific species in the east Pacific following ENSO activity, suggest the bridging
of the east Pacific filter bridge (formerly east Pacific barrier).
Griff, R. W 1998. Holocene coral reef accretion in Hawaii: a function of wave exposure
and sea level history Coral Reefs. Sept., 1998; 17 (3) 263-272 - Call Number: UH
MANOA QE565 .C68
Abstract: In the high Hawaiian islands, significant accretion due to coral reef growth is
limited by wave exposure and sea level. Holocene coral growth and reef accretion was
measured at four stations off Oahu, Hawaii, chosen along a gradient in wave energy from
minimum to maximum exposures. The results show that coral growth of living colonies
(linear extension) at optimal depths is comparable at all stations (7.7-10.1 mm/y), but
significant reef accretion occurs only at wave sheltered stations. At wave sheltered stations
in Hanauma bay and Kaneohe bay, rates of long term reef accretion are about 2.0 mm/y. At
wave exposed stations, off Mamala Bay and sunset beach, reef accretion rates are virtually
zero in both shallow (1 m) and deeper (optimal) depths (12 m). At wave sheltered stations,
such as Kaneohe bay and Hanauma bay, Holocene reef accretion is on the order of 10-15 m
thick. At wave exposed stations, Holocene accretion is represented by only a thin veneer of
living corals resting on antecedent Pleistocene limestone foundations. Modern coral
communities in wave exposed environments undergo constant turnover associated with
mortality and recruitment or re-growth of fragmented colonies and are rarely thicker than a
single living colony. Breakage, scour, and abrasion of living corals during high wave events
appears to be the major source of mortality and ultimately limits accretion to wave sheltered
environments. Depth is particularly important as a modulator of wave energy. The lack of
coral reef accretion along shallow open ocean coastlines may explain the absence of mature
barrier reefs in the high Hawaiian islands.

Glenn, C. R. and G. M. McMurtry 1995. Scientific studies and history of the Ala Wai
Canal and artificial tropical estuary in Honolulu Pac Sci 49(4): 307-318 - Call Number:
UH MANOA QH1 .P33
Abstract: The Ala Wai Canal is an artificial estuary created in the 1920s to drain coastal
wetlands bordering the present tourist area of Waikiki. Today it is polluted and
hypereutrophic and receives high levels of nutrients that sustains primary production rates
rivaling the highest in the world. The canal traps sediments from Manoa and Palolo streams
that have formed two large sills that restrict seawater exchange. This restricted flow and
high input of organic matter from streams has resulted in severe oxygen depletion behind the
sills.
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Glenn, C. R., S. Rajan, et al. 1995. Geochemistry, minerology and stable isotopic results
from Ala Wai estuarine sediments: record of hypereutrophication and abiotic whitings Pac
Sci 49(4): 367-399 - Call Number: UH MANOA QH1 .P33
Abstract: High abundance of organic carbon and carbonate in Ala Wai sediments indicates
biologically induced precipitation of carbonate from the water column. This is the first
known report of this precipitation process (whiting) in an estuarine system, although it has
previously been described in the ocean and in lakes. The canal has undergone episodes of
progressive eutrophication at least twice since 1935, indicating increasing primary
productivity and water stratification through time.
Grigg, Richard W 1995. Coral reefs in an urban embayment in Hawaii: a complex case
history controlled by natural and anthropogenic stress Coral Reefs. 1995; 14 (4) 253-266 Call Number: UH MANOA QE565 .C68
Abstract: The effects of natural and anthropogenic stress need to be separated before coral
reef ecosystems can be effectively managed. In this paper, a 25 year case history of coral
reefs in an urban embayment (Mamala Bay) off Honolulu, Hawaii is described and
differences between natural and man-induced stress are distinguished. Mamala Bay is a 30
km long shallow coastal bay bordering the southern (leeward) shore of Oahu and the city of
Honolulu in the Hawaiian islands. During the last 25 years, this area has been hit by two
magnitude 5 hurricane events (winds gt 240 km/h) generating waves in excess of 7.5 in.
Also during this period, two large sewer outfalls have discharged up to 90 million gallons
per day (mgd) or (360 times 10-6 l/day) of point source pollution into the bay. Initially the
discharge was raw sewage, but since 1977 it has received advanced primary treatment. Nonpoint source run-off from the Honolulu watershed also enters the bay on a daily basis. The
results of the study show that discharge of raw sewage had a serious but highly localized
impact on shallow ( apprx 10m) reef corals in the bay prior to 1977. After 1977, when
treatment was upgraded to the advanced primary level and outfalls were extended to deep
water ( gt 65 m), impacts to reef corals were no longer significant. No measurable effects of
either point or non-point source pollution on coral calcification, growth, species
composition, diversity or community structure related to pollution can now be detected.
Conversely the effects of hurricane waves in 1982 and 1992 together caused major physical
destruction to the reefs. In 1982, average coral cover of well-developed offshore reefs
dropped from 60-75% to 5-15%. Only massive species in high relief areas survived. Today,
recovery is occurring, and notwithstanding major future disturbance events, long-term
biological processes should eventually return the coral ecosystems to a more mature
successional stage. This case history illustrates the complex nature of the cumulative effects
of natural and anthropogenic stress on coral reefs and the need for a long-term data base
before the status of a coral reef can be properly interpreted.

Final Report: EPA Grant CD97918401-0

P. L. Jokiel and K S. Rodgers

Page 196

Johnson, C. C. 2002. The rise and fall of rudist reefs. American Scientist [Am. Sci.]. Vol.
90, no. 2, pp. 148-153. Mar-Apr 2002. - Call Number: UH MANOA LJ85 .S502
Abstract: Reefs of the dinosaur era were dominated not by corals but by odd mollusks,
which died off at the end of the Cretaceous from causes yet to be discovered.
McMurtry, G. M., A. Snidvongs, et al. 1995. Modeling sediment accumulation and soil
erosion with 137 Cs and 210 Pb in the Ala Wai Canal and central Honolulu watershed,
Hawaii Pacific Science, 49(4): 412-451 - Call Number: UH MANOA QH1 .P33
Comments: Analyses indicate Ala Wai collects sediment at a mean rate of 3100 tons per
year, with about 80% of the sediment composed of detrital clays and 20% of marine
authigenic and biogenous phases. This equates to a physical annual denudation rate for the
central Oahu of six mg per cm. sq, , at the low end of previous estimates. At this rate the
average time to fill the canal would be 60 years if little sediment escapes. The fill time for
the central section receiving Manoa-Palolo Stream runoff would only be 40 years.
Raine, L. M., B. Z. Siegel, et al. 1995. Mercury accumulation in sediments of the Ala Wai
Canal and in soils and stream sediments of the central Honolulu watershed Pacific Science,
49(4): 511-525 - Call Number: UH MANOA QH1 .P33
Comments: Highest Hg concentrations in Ala Wai Canal sediments were at the Ala Wai
Yacht Harbor (0.054-2.81 ug/g) and decreased exponentially to the most distal part of the
canal (0.009-0.237ugJg), suggesting tidal transport of Hg from the Yacht Harbor into the
canal. Chronological analysis showed a Hg peak in sediments in the late 1950s,
corresponding to the use of antifouling paints, which ended in the 1970s. A minor Hg spike
occurred in 1986 coincident with the last year of the intense Pu'u O'o eruption at Kilauea.
Resig, Johanna M., Kristine Ming, and Scott Miyake 1995. Foraminiferal ecology, Ala Wai
Canal, Hawaii Pacific Science, 49(4): pp. 341-366 - Call Number: UH MANOA QH1 .P33
Comments: Foraminifera of the Ala Wai Canal are controlled by the canal's shallow
location, marine salinity, sedimentation form runoff and phytoplankton productivity.
Pollutants may have produced up to 7% abnormalities in test growth, but high food
availability in the back basin have produced the highest foram abundance of up to 140 tests
per gram of sediment. Five foram species have dominated the assemblage for at least the last
50 years. These are widespread geographically but generally found together in areas with
normal to hypersaline conditions. Maximum numbers of species of forams occurred near the
Ala Wai entrance and diversity decreased with distance into the canal.
Spencer, K., E. H. De Carlo, et al. 1995. Isotopic clues to sources of natural and
anthropogenic lead in sediments and soils from Oahu, Hawaii Pacific Science, 49(4): 492510 - Call Number: UH MANOA QH1.P33
Comments: Sediment cores from the Ala Wai representing 60 years of sedimentation
indicate a spike of elevated Pb concentrations ranging during the mid-1970s. The timing of
the Pb concentration peak and the simultaneous rise in ZN and Cd, two elements used in tire
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vulcanization, strongly suggest the primary source of Pb was tetraethyl Pb used in gasoline.
Elevated concentrations of Pb continue to deposit in the Ala Wai from Manoa Stream, which
has uncontaminated sediments at its headwaters, suggesting local anthropogenic sources
along the stream's watershed, as well as natural sources of Pb from rock weathering and
aerosols.
Laws, E. A., D. Doliente, et al. 1993. Hypereutrophication of the Ala Wai Canal, Oahu,
Hawaii: prospects for cleanup Pacific Science, 47(1): 59-75 - Call Number: UH MANOA
QH1 .P33
Comments: Gross photosynthetic rates in the Ala Wai are about 5.5 g C /sq. m daily, and
increase by a factor of three from the mouth to the head of the estuary. Photosynthesis
appears to be limited only by light availability and phytoplankton concentrations.
Allocthonous imports of organic carbon exceed photosynthetic rates by about 60%.
Respiration consumes about 70% of total carbon input, 18% accumulates in sediments and
12% is flushed out the canal's mouth. Sedimentation occurs at about 7-8 cu. m per year and
has greatly altered the canal's bathymetry. Concentrations of particulate carbon, particulate
nitrogen and chlorophyll a are comparable to values measured in the early 1970s. Surface
waters are supersaturated with oxygen during the day and undersaturated at night, and
subsurface waters undergo even greater diurnal fluctuations due to poor oxygen exchange
with the atmosphere.
Hawaii. Division of Fish and Game 1977. Job progress report. Project no. F-17-R,
Statewide marine research and surveys. Effects of experimental management on recreational
fishing in the Ala Wai Canal Hawaii. Division of Fish and Game - Call Number: UH
MANOA SH11.H3 J6283
Comments: Job progress report. Project no. F-9, Statewide Dingell-Johnson program. Premanagement study of the Ala Wai Canal, Honolulu
Dept. of the Army, Pacific Ocean Division, Corps of Engineers 1974. Draft Environmental
Impact Statement: Ala Wai Boat Harbor, Oahu, Hawaii Honolulu, Pacific Ocean Division,
Corps of Engineers - Call Number: UH MANOA TC225.A43 U55
Comments: Description of planned expansion of Ala Wai Harbor by 78 berths and its
anticipated impact. Limited biological information given.
State of Hawaii - Dept. Land and Natural Resources - Div. Fish & Game
(DF&G). 1973. Fish survey at Ala Wai, Honolulu. State of Hawaii, Department of Land
and Natural Resources, Division of Fish & Game, Honolulu.
Walker, J. R. 1973. Surfing assessment, Ala Wai Small Boat Harbor, Oahu, Hawaii James
K. K. Look Lab. Tech Rep. 7, Honolulu - Call Number: UH MANOA GC1 .L662 no.7
Comments: Effects of sea wall construction along shoreline at Ala Wai Yacht Harbor
analyzed for impact on surfing by wave refraction and reflection. Both estimated to be
increased by 10% and considered to be insignificant impacts.
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B-K Dynamics Inc. 1972. Physical oceanographic studies of upper Maalaea Bay Prepared
for Westinghouse Environmental Systems Dept. B-K Dynamics,Inc., Honolulu
Oceanic Institute. 1972. The environmental impacts of the proposed construction (Phase I)
for the Ala Wai Boat Harbor Prepared for State of Hawaii, Dept. of Transportation, Harbors
Division. Oceanic Institute, Makapuu Point 46 + pp. - Call Number: UH MANOA
TC225.A43 O25
Raymond, L. P. 1972. The environmental impacts of proposed construction (Phase I) for
the Ala Wai Boat harbor Hawaii State Dep. Transportation, Honolulu - Call Number: UH
MANOA TC225.A43 O25
Comments: Analyses of environmental effects of expansion of Ala Wai Yacht Harbor,
measurements of water circulation and water quality in the harbor in July-Aug. 1972. Data
presented for temperature salinity, water circulation, dissolved oxygen, nutrients, primary
productivity, coliform concentrations and boat activity.
Calderone, Peter A. 1971. A descriptive study of boat dwellers at the Ala Wai Yacht
Harbor, Hawaii Theses for the degree of Master of Arts (University of Hawaii Honolulu ;
no. 984) - Call Number: UH MANOA CB5 .H3 no.984
Comments: Narrative and sociological analysis of lifestyles and views of residents of Ala
Wai Yacht Harbor
González, Frank I. 1971. Descriptive study of the physical oceanography of the Ala Wai
Canal Hawaii Institute of Marine Biology. Technical report, no. 26 - Call Number: UH
MANOA QC851 .H35 no.71-7
Abstract: Circulation and the temperature-salinity structure of the Ala Wai Canal were
measured Mar.-Dec. 1969. Heavy siltation has altered the original bathymetry of the canal
into a channel, sill and basin region. Average silting rate on the sill was 20cm/yr. renewal of
water in the basin was infrequent, and anoxic conditions prevailed in the bottom meter of the
average 2 m depth. Water had a minimum average residence time below the sill of at least
four days. The Manoa-Palolo drainage was the principal source of high bacterial counts in
the canal, although bacterial pollution from vessels in the Ala Wai Yacht Harbor was also a
locally significant source.
Comments: Three separate surveys done by researchers other than the author, combined
with personal observations of the author. UH Manoa Library Use Only.
Shultz, Cynthia Dawn 1971. Some chlorinated pesticide residues in the water, sediment
and selected biota in the Ala Wai Canal, a tropical estuary on Oahu, Hawaii Hawaii Inst.
Mar. Biol. Tech. Rep. 28, Honolulu - Call Number: UH MANOA QH91 .H378 no.28
Wolbrink, D. and Assoc. 1969. Ala Wai Boat Harbor, Honolulu, Hawaii Hawaii State
Dept. Transportation, Honolulu - Call Number: UH MANOA TC324.7 .W64
Comments: Plan for expansion and upgrading of Ala Wai harbor for a net increase of 359
slips, to be done by construction of one new mole and the extension.
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3.2 Sector: Kapalama-Nuuanu
Geographic Name: Honolulu

Fig. 3.2-1. Map of Kapālama watershed.

Geographic Location: From Kaka'ako on east end of Nu'uanu watershed (21o 17.6' N, 157o
51.8'W) to Ke'ehi on the west end of Kapalama watershed ( 21o 18.8' N, 157o 53.4' W)
Human Population: 89,280
Watersheds: Kapālama, Nu‘uanu
Area in Acres: Kapālama (2,141) and Nu‘uanu (6,046)
Perennial Streams: Kapālama, Nu‘uanu
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Fig. 3.2-2. Map of perennial streams in the South O‘ahu segment.

Nu’uanu Stream flows continuously while Kapālama Stream has intermittent flow. Both of
these partially channelized streams empty into Honolulu Harbor.
Physiography:
Geology
The Ko’olau mountain range deposited rich alluvium which covered an emerged reef. Past
sea levels were 7 m above present levels when this ancient reef was formed. The coastal
plains on which the city of Honolulu was built is up to 1200 ft thick with reef, tuff, alluvium
and marine muds covering the volcanic basalt pavement.
Honolulu Harbor’s perimeter and basin is primarily man-made. In the late 1700’s a natural
channel carved through the fringing reef, originating at the mouth of Nu‘uanu Stream was
extended to mark the first of a series of dredgings that would continue to present times.
Successive dredgings would increase the area and depth of the harbor and join Kapālama
Basin to the main harbor. Kapālama Basin like Nu’uanu Stream was originally a natural
channel separated from Nu’uanu Stream by an expansive fringing reef that was dredged to
between 9 and 12 m (31 to 40 ft). To accommodate large ships a series of bulkheads and
piers were constructed. Decreasing depth from sediment deposition from streams and
drains require removal of over 200,000 cu. yds. of mud every 5 years to maintain depths of 9
to 12 m (29 to 40 ft) within the harbor and 15 m (50 ft) at the east end.

Final Report: EPA Grant CD97918401-0

P. L. Jokiel and K S. Rodgers

Page 201

The Kalihi Channel to the west was closed when the Sand Island development began. Until
its reopening in the 1950’s, the eastern Honolulu or Fort Armstrong Channel was the only
entrance and exit out of the harbor.
Sand Island (Anuenue) was built in several stages to provide protection to Honolulu Harbor
from open ocean swells. This low islet was constructed on the south and west sides of the
harbor. A shallow reef flat served as the base for dredged spoils deposited during the
construction of Honolulu Harbor. Subsequent dredging added material to enlarge the islet
on several occasions. Sand Island was joined to O‘ahu by filling the area west of the Kapā
lama Basin. With the reopening of the Kalihi Ship Channel in Ke’ehi Lagoon, Sand Island
was again separated from the O‘ahu shoreline. Following stages connected Sand Island to a
nearby islet (Mauliola) in 1927. Construction was completed in the 1940’s with the addition
of a bridge on the western end of the islet. Sand Island is presently 208 ha (520 acres).
Reef Structure, Habitat Classification:
The outer part of the Honolulu channel along the western margin consists of limestone
boulders and rubble to a depth of 6 m (20 ft). The sides of the channel entrance consist of
sand and rubble with limestone reef rock outcrops. The bottom of Honolulu Harbor is
predominately silts and clays. Sediment deposition continues with the input from Kapālama
and Nu‘uanu Streams and several drainage ditches.
The biota in Honolulu Harbor is limited. Fouling species are abundant and include:
barnacles, bryozoans, hydroids, sponges and worms. The only coral growing inside the
harbor occurs at the intake and discharge areas of the Hawaiian Electric Power plant. The
enhanced circulation is conducive to coral growth on vertical surfaces. Along the Sand
Island side of the channel entrance corals can be found.
Many soft bottom invertebrate species inhabit the benthos in the harbor. These include
crabs, shrimp and tubeworms. Nearly 50 species of fishes have been recorded from the
harbor. Honolulu Harbor serves as a nursery grounds for hammerhead sharks, jacks, mullet,
barracuda and goatfish.
Between Honolulu Harbor Channel and Kewalo Basin a shallow reef front extends outside
the seawall. The shoreline consists of rubble and boulders gradually changing to larger
boulders over sand near the reef slope. The reef front consists of consolidated limestone,
large coral heads and rubble. As the reef gradually slopes offshore silt lie above a limestone
pavement at 10 m shifting to sand and rubble below 20 m.
Oceanographic and Meteorological Conditions:
The Honolulu area is sheltered from large North Pacific winter swell as well as the typical
north-east tradewind generated waves. South swells during summer months can produce
moderately large swells. Atypical Kona or south storms can also impact the south shore of
all islands.
Much of the shallow fringing reefs that once naturally provided protection to the coastline
have been dredged and filled. Protective structures were constructed to stabilize the
shoreline. Winds and tides drive the weak nearshore currents.
Wave and Current Regime:
Circulation
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Water circulation greatly improved with the reopening of the western Kalihi Channel in the
1950’s. Stagnant waters now flush through both the Honolulu or Fort Armstrong Channel
and the Kalihi channel. Harbor flushing time is estimated at approximately 6 hours.
Although circulation has improved, the water quality in Honolulu Harbor does not meet
National water quality standards.
Human Use Patterns:
Honolulu Harbor is the main commercial port for the entire state of Hawai‘i. This deepdraft harbor is lined with commercial piers, light industry, and commercial businesses at
Aloha Tower Marketplace. Recreational cruise ships depart from the harbor. The Hawaiian
Electric’s Honolulu Power Generating Station intake pipe uses harbor waters for cooling
purposes.
Aloha Tower completed in 1926 has become a salient landmark in Honolulu. The Aloha
Tower Marketplace was built around the tower in 1994 to attract both visitors and local
residents.
Sand Island is home to a U.S. Coast Guard base, the Anuenue Fisheries Research Center, the
Honolulu Sewage Treatment Plant, Sand Island State Park, the University of Hawai‘i’s Snug
Harbor and several industrial facilities.
Recreational pole and line fishing activity occurs throughout the harbor. Fishing efforts are
concentrated at the entrance channels, piers off the HECO plant and off Sand Island State
Park. Milkfish (‘awa) is abundant near the Honolulu Channel while mullet (‘ama‘ama),
jacks (papio), goatfish (weke), surgeonfishes and young scads (halalu) are caught near the
HECO Power Plant. Crabbing and pole-fishing are common on piers and docks throughout
the entire area.
Commercial tuna fisheries target small baitfish, the silversides (i‘ao) and anchovies (nehu)
at the channel entrances.
Economic Value and Social Benefits:
Honolulu Harbor, the major port for the state handles over 11 million tons of cargo every
year. The harbor serves as the primary distribution center for the state of Hawai‘i. Over
80% of all resources consumed in the state are imported. Of this, 98% is shipped in from
locations throughout the world. With its close proximity to downtown Honolulu, ships
entering Honolulu Harbor have easy access to modern technology.
Aloha Tower Marketplace developed in 1994, is the only visitor attraction in the nation that
combines an active commercial harbor with tourist shops and restaurants.
Status (Degree of Legal Protection):
The shoreline and waters off the Honolulu watershed is open access to fishermen and
recreational users.
Management Concerns:
Water clarity in the harbor is generally poor ranging from less than a half meter when vessel
traffic is heavy to about 10m (33 ft) near the Hawaiian Electric discharge basin.
The water quality in Honolulu Harbor does not meet national standards. Discharge from the
Kapālama Canal influences the particularly poor water quality in the Kapālama Basin.
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Three fish kills have been documented in recent times with mortality of up to 100,000 fish in
one instance.
Current regulations prohibit release of petroleum products into the harbor and the streams
that feed into it yet, pipeline and storage tank leaks along with oil from drains and sewers
are still contributing to the pollution problems in Honolulu Harbor. These sub-surface oil
plumes are influenced by tides, storms, groundwater fluctuations and physical barriers. The
State’s Dept. of Health (DOH) and the Environmental Protection Agency (EPA) have
combined efforts for cleanup assessment and implementation.
Pollutants have been recorded within the harbor as early as 1920. The main source of these
pollutants is in sediments from maintenance dredging, waterfront construction and ship
traffic. Benthic sediments contain high concentrations of heavy metals. Surface oil
contamination from harbor vessels create highly visible sheens on the water within the
harbor.
Stream and point source discharges originate from Kapālama and Nu‘uanu Streams,
drainage ditches and storm drains. Agricultural, residential, industrial and urban runoff all
contribute to these sources. Process water, wash water and heated effluent with its
associated pollutants from upstream industry discharge into the harbor.
Kapālama Stream was given an ecological rating of lV during the Water Quality Program
sampling on O‘ahu. This rating states that waters may be restricted to the public due to
health and safety concerns. Water quality standards were consistently not met for turbidity,
dissolved oxygen and coliform bacteria. This rating of low environmental and biological
water quality is below the rating given to Nu‘uanu Stream which also drains into the harbor.
Nu‘uanu Stream discharges water of moderate to high quality and/or natural values.
Noteworthy Biota or Ecological Conditions:
Honolulu Harbor is the major port for the state of Hawai‘i with ships from all oceans
entering its port. In 1998, 1100 foreign deep draft ships entered Honolulu Harbor. Ballast
water from ships can be host to alien species that can spread rapidly and compete with
native species for resources. Discharged ballast water can introduce algae, invertebrates and
other organisms along with viruses and bacteria that can become established and seriously
affect native species. Hulls of ships can also carry aliens to distant ports and fishing vessels
can carry live marine species not native to the state. In response to these concerns, the
National Invasive species act of 1996 was inacted to attempt to control and regulate the
spread of nuisance species. The Hawai‘i Alien Aquatic Taskforce was subsequently
founded in 1997 to identify the potential threats to coastal waters by introduced species. A
voluntary deep water ballast exchange program has been only marginally successful with
17% compliance reported.
Currently, 287 non-native marine invertebrate species have been identified. This is
equivalent to 7% of the known species of invertebrates (4099). Most invertebrate
introductions are a result of hull fouling, solid ballast or ballast water. Most of these
introductions have become establish (87%, 248 sp.). The overwhelming majority of these
aliens arrive from the Indo Pacific/Philippines and the tropical western Atlantic/Caribbean
regions.
Algal species have also become well established in Hawaiian coastal waters.
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Introductions can have a devastating impact on native biota due to the vulnerability of many
marine ecosystems and the limited range of endemic and indigenous algal species. Nonnative species can spread pathogens, alter ecological conditions and physical characteristics
of marine ecosystems, create discord and imbalance, change successional positions, compete
for resources, and displace native species.
Since 1950 at least eighteen species of macroalgae have been introduced and become
established on O‘ahu. Commercial, experimental and accidental introductions have resulted
in the establishment of alien species from several South Pacific locations, Florida,
California, and Japan (Russell 1992). One of the most invasive algal species in Kāne‘ohe
Bay, Kappaphycus alvarezii (formerly described as Eucheuma striatum) was introduced into
Honolulu Harbor, on the south shore of O‘ahu, in September 1974 from the Philippines.
High growth rates, effective propagation, and morphological plasticity can accelerate
the spread of introduced species. Acanthophora spicifera and Hypnea musciformis, two
recent introductions, possess traits that favor them over native species (Carpenter 1990).
Russell (1982) stated that Kappaphycus alvarezii was non-competitive since it inhabits
sandy grooves on the reef edge that are not conducive to growth by native algae. Rodgers
and Cox (1999) demonstrated that K. alvarezii does occur adjacent to indigenous species
and is a potential competitor of indigenous algae.
Ecological invasions can advance rapidly and have negative effects on marine ecosystems.
According to anecdotal information, many of these alien macrophytes reproduce rapidly
through fragmentation and can adapt to a wide range of conditions. Even under
oligotrophic, nutrient low conditions, weedy algal species can proliferate by changing their
morphology to allow nitrogen uptake from previously untapped sources
(www.botany.hawaii.edu/invasives).
Knowledge of the effects these species have on the environment, how they spread
and the physical, biological and chemical factors that influence their distribution will assist
in predicting the impact invasive species have on indigenous species and aid in the
conservation and management of our reefs (Rodgers and Cox 1999).
Historical and Cultural Importance:
Honolulu Harbor has been responsible for economic growth in the State. As the port of
entry for nearly all imported goods it has historically served as the major harbor since the
late 1700’s.
The Hawaiian name for Honolulu Harbor is “Ke Awa O Kou”, the harbor of Kou. The first
western use of the harbor was documented in 1794. At this time the harbor was 200 ft wide,
¾ mile long and 30 ft deep. Fur traders took on supplies and wintered their ships here.
Beginning in 1819 whaling vessels repaired, refitted and supplied ships. At this time the
population in the surrounding area was between 3,000 and 4,000. Whaling activity ceased
after about 40 years of intense activity due to the discovery of petroleum.
In 1848, the California gold rush brought miners to Honolulu Harbor fort he winter to resupply ships with goods and food.
Shortly thereafter in 1850, King Kamehameha lll established Honolulu as the capital city of
Hawai‘i. The activity at Honolulu Harbor was responsible for the development of the
surrounding area.
Commerce and tourism was severely disrupted with the advent of WWll. Steamer service
was re-routed to the Atlantic Coast.
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With the end of the war came a resurgence of economic activity and Kewalo Basin (55
acres) was created in 1920 to alleviate some of the congestion in Honolulu Harbor.
Scientific Importance and Research Potential:
The Sand Island region supporting several important research facilities is vital to Hawai‘i’s
scientific community.
The University of Hawai’i conducts fieldwork and in-ocean experimentation from research
vessels located in Snug Harbor. Visiting scientists, faculty and students have access to field
research equipment, instrumentation, research vessels and machine shop support.
The Hawai‘i Undersea Research Laboratory (HURL) located in Snug Harbor is a joint effort
between the University of Hawai‘i and the National Oceanographic and Atmospheric
Administration (NOAA). The main focus is on deepwater marine processes in the Pacific
Ocean. Scientific research includes fisheries resources, ecosystem studies, submarine
volcanic processes, coral reef ecology and coastal and slope processes.
Sand Island also supports the Division of Aquatic Resources Anuenue Fisheries. Their
Aquaculture Development Program specializes in aquaculture diseases and the culture of
algae, shellfish, finfish and freshwater prawns. The 4.2 acres facility includes a baseyard,
hatchery, culture center and quarantine facilities. The state of Hawai‘i’s fish veterinarian,
aquaculture disease specialist, and aquatic development technicians are based at the
facilities.
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3.3 Sector: Ke‘ehi
Geographic Location: From east coastal margin of Kalihi watershed (21o18.8'N, 157o 53.4'W)
to west coastal margin of Manuwai watershed (21o 18.9' N, 157o 57.0'W).
Human Population: 84,554
Watershed: Manuwai, Ke‘ehi, Moanalua and Kalihi

Fig. 3.3-1. Map of watersheds that drain into the Ke‘ehi segment.

Area in Acres: Manuwai (4,210), Ke‘ehi (1,578), Moanalua (6,778) and Kalihi (3,976)
Perennial Streams: Moanalua and Kalihi

Final Report: EPA Grant CD97918401-0

P. L. Jokiel and K S. Rodgers

Page 209

Fig. 3.3-1. Map of perennial streams that drain into the Ke‘ehi segment.

Like most O’ahu streams, Moanalua and Kalihi Streams are channelized in the lower
reaches (Timbol, 1978). Their waters empty into the northeast basin of Ke’ehi Lagoon. The
heavy sediment load is gradually reducing the depth of this dredged sector. Mangroves have
become established near the mouths of these streams. Kapālama and Nu’uanu Streams
which flow into Honolulu Harbor also affect the waters of the adjacent Ke’ehi lagoon.
Physiography:
Geology
The Ko’olau mountain range deposited rich alluvium which covered an emerged reef. Past
sea levels were 7 m above present levels when this ancient reef was formed. The coastal
plains on which the city of Honolulu was built is up to 1200 ft thick with reef, tuff, alluvium
and marine muds covering the volcanic basalt pavement (Harvey, 1970).
Ke’ehi Lagoon has been highly modified with nearly the entire shoreline altered by man.
Dredged material was used to extend the shoreline and fill in low lying reef flats and
marshes. Ke‘ehi Lagoon is a fringing coral reef that has been significantly altered by
dredging and landfill operations since the 1930’s. Prior to excavations and shoreline
extensions for the Honolulu International Airport and Hickam Air Force Base Golf Course,
Ke’ehi Lagoon was comprised of extensive mud flats behind the fringing reef with some
benthic exposure during low tides. Shallow waters provided sparse navigable area.
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Following the construction of three seaplane runways during World War ll, navigable
channels and a triangular reef remnant were created.
A borrow area was dredged for fill material. The depth in this area ranges from 7 to 13
meters. It is almost devoid of hard substrate, consisting of fine silt.
The Honolulu International Airport’s Reef Runway was built between 1973 and 1977.
Hydraulic suction dredging was used to excavate and fill inside the reef margin. The
western margin of the runway on the reef shelf is composed of concrete structures to depths
of 3 to 8 m (10 to 25 ft.). Armor stone obtained from quarries is laid on the eastern
shoreline (State of Hawai’i, 1989).
Reef Structure, Habitat Classification:
Reef Flat and Slope
Subsequent dredging also substantially altered the physical environment of the reef in the
lagoon. Large rock outcrops dominate the reef edge on the margins of the borrow area. The
slope is more pronounced on the southern margin of the reef, descending rapidly at a steep
angle. The northern and eastern margins incline gradually. Calcareous rock and rubble and
course grained sand are found in the reef flat and slope areas between 0 and 5 meters,
particularly on the southern margin of the reef, due to relative increased wave action. Three
perennial streams provide freshwater influence to Ke‘ehi Lagoon, Moanalua, Kalihi and the
Nu‘uanu Streams.
Outer Fringing Reef
The seaward outer reef flat is a large shallow area composed of consolidated limestone,
rubble and sand. A spur and groove environment fronts the reef. A circulation channel and
the Kalihi Ship Channel bisect the reef at opposite ends of the lagoon. This continuous reef
margin is less than 1 to 2 meters in depth. Moving landward, the substrate changes from
solid limestone to rubble, limestone outcrops and patchy sand pockets.
Islets
Numerous calcareous islets are found within the lagoon on the reef flat, creating a habitat for
mangrove establishment. These mounds of coral, sand and rubble are mostly altered at
various locales near the margins of the reef flat. Some of these islets are occupied
permanently by residents, and others by transient squatters and fishermen or serve as a base
for recreational activities.
Mokauea Island is 3.4 ha (8.5 acres) at high tide. It is located about 300 m (1000 ft) off
Sand Island. A Hawaiian fishpond is located in the center of the island. Mangroves have
invaded the shoreline of the island.

Biological Observations
Ke‘ehi Lagoon is a very poor area biologically relative to most Hawaiian coastlines and
bays. This can be expected from the high turbidity and organic loading. Reef-building
corals are important indicators of coastal conditions. At Ke‘ehi, habitat complexity is
relatively low. Topographical relief is also low due to planar, shallow reef flats and a linear
mud bottom. Differences in community structure consist primarily of differences in species
organization. The primary mechanism for controlling abundance and diversity of corals is
disturbance. In more protected areas like Ke‘ehi Lagoon, temperature, light, salinity,
turbidity, predation and bioerosion are of equal or greater importance. There are 42 species
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of corals belonging to 16 genera found in the Hawaiian Islands. Twelve species belonging
to 8 genera were documented at Ke‘ehi Lagoon.
Coral Distribution and Abundance
A 1999 survey of the borrow area of Ke‘ehi lagoon showed that distribution and abundance
patterns in Ke‘ehi Lagoon are typical of a disturbed environment (Rodgers, 1999). Coral
colony size within the lagoon is small. Corals below 10m are nearly absent. Turbid
conditions may impede feeding and limit light used by zooxanthellae for photosynthesis.
The thick layer of silt at this depth inhibits recruitment due to lack of suitable settlement
substrate.
The 3m depth had the highest average percent coral cover of the three depths surveyed. This
may be due to less disturbance from wave energy and sufficient suitable substrate available
for recruitment. Coral diversity was also highest at this depth, recording 10 species. This is
relatively low compared to the rest of the state (2%). Dead coral and rubble dominate at this
depth.
The areas nearest oceanic influence had the highest coral cover and diversity. Biological
differences were also apparent on the outer reef and near the channels. Porites lobata and
Pocillopora meandrina, characteristic of high wave energy environments, are found here in
greater abundance than within the lagoon.
The reef flat at 1m depth has low coral cover (0.5) with colonies of very small size due to
high wave energy conditions.
Macroalgal Diversity and Abundance
A strong correlation between algal abundance and diversity and depth occurs within the
lagoon. Forty-one species of algae can be found in shallow regions above 1m, declining to
only 14 species at the 3m depth, with a further sharp decline to 4 species at 10m. Algal
species found at 10m either grow unattached or are found attached loosely to the fine silt
dominating this depth. Algal abundance at the deeper depths are similar to shallower depths
below the reef flat due to the wide coverage of Halophila hawaiiensis, an endemic seagrass.
Approximately 30% algal coverage occurs on the reef flat including over 45 introduced and
endemic species. The outer fringing reef has higher average percent cover of both algae and
coral.
Species like Acanthophora spicifera and Spyridia filamentosa are highly tolerant of stagnant
water. The high percent of these species reflects the poor water circulation in some areas.
Many algal species have high numbers of epiphytes, another indication of polluted
conditions. Pollution tolerant forms such as blue-green Cyanophytes like Lygbya and
Symploca are also present in significant abundance. Acanthophora and Ulva also tolerate
low circulation environments. These algae compete with coralline algae, limiting
recruitment surface for coral larvae. Most of the common macroalgae found in Ke‘ehi
Lagoon require or tolerate high levels of inorganic nutrients indicating high organic loading
in the area. At areas with more oceanic influence the percent algal cover is low and coral
cover high compared to areas receiving less water circulation.
Invertebrates
Rock boring urchins characteristic of a high energy environment are common on the reef
flat. Species living in mud and dead coral (e.g. feather dusters and Christmas tree worms)
are present in significant quantities. Hydroids, sponges and tunicates, typical of harbors and
lagoons are also found in abundance. Limestone rubble harbor tunicates and sponges. Hard
substratum near mud bottoms are home to species of oysters and barnacles. Species of crabs
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are common within the lagoon. Alpheid shrimp and polychaete worms are abundant in the
deeper, mud bottoms while oligochaetes dominate near stream mouths (State of Hawai’i.
1989).
Fishes
The reef slope has a diversity of fishes while the benthic muds of the lagoon bottom support
few species. Schools of Mullodycthyes or goatfish frequent this area.
Oceanographic and Meteorological Conditions:
Net transport of offshore waters is generally in the south or southwest direction. Seasonal
Kona winds switch the direction of flow towards the east (State of Hawai‘i, 1989).
Wave and Current Regime:
Circulation
The circulation of the lagoon is dependent on tidal current influent and effluent and typical
tradewind patterns. The residence time of the water within the lagoon was greatly improved
with the addition of the Circulation Channel which provides a counter-clockwise circulation
pattern around the triangular area. Flood tide currents enter through the Kalihi Channel and
to a lesser degree over the reef flat. Seaward flow exits primarily through the Circulation
Channel at the end of the reef runway. During ebb tide, waters from Honolulu Harbor drain
into Ke‘ehi Lagoon and out the Kalihi Channel and to a lesser degree out the Circulation
Channel. Thus, the Circulation Channel serves as an exit for seaward flows regardless of the
tidal phase due to tidal and tradewind driven circulation (State of Hawai‘i, 1989).
Human Use Patterns:
Ke’ehi lagoon is used by personal sailing vessels. Recreational water skiers use the
channels and borrow area. Power boat racing is also a popular activity in the area.
Recreational fishing includes shoreline pole fishing as well as small vessel trolling. Pole
fishing is concentrated in the channel and net fishing is common on the outer reef. Crabbing
for Samoan crabs is a popular pastime in the brackish waters near bridges.
Canoe racing competitions held at Ke’ehi Lagoon attract thousands of participants and
spectators each year.
Commercial tuna fisheries collect bait fish (iao and nehu) in the north basin.
Ke’ehi lagoon supports the 2nd largest boat harbor on O’ahu. There are 136 mooring spots
and 206 catwalk mooring berths and two boat launching ramps. Two private marinas have
drydock facilities, a barge basin and several industrial baseyards.
Economic Value and Social Benefits:
Shell collecting occurs off Sand Island and the entrance to the Kalihi Channel (Kay, 1978).
The waters off the Sand Island area are also well known as a depository for historic bottles.
During south swells several surfing spots have become popular for surfers, body boarders
and body surfers in this region.
Other popular recreational activities include canoe racing, fishing and crabbing.
Several commercial ocean recreation companies provide visitor activities including jet
skiing and water skiing.
Status (Degree of Legal Protection):
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This area provides open access to fishermen.
Management Concerns:
Public Health Hazards
The dredged spoils that were excavated during the reef runway construction were disposed
of in the lagoon. Re-suspension of these fine suspended sediments by wind and waves
creates turbid conditions. Some of this sediment are being trapped by the introduced
mangrove which is continuing to spread along the shoreline.
Point source pollution from Kalihi Stream has been shown to be high in phosphorus due to
small amounts of wash water from Kapalama incinerator and periodic heated water from
GASCO. The majority of point source pollution and the poorest water quality can be found
in the north lagoon. Water quality at the mouths of both streams did not meet the standards
set by the Federal Govt. Most parameters measured exceeded set levels including turbidity,
dissolved oxygen and coliform bacteria.
The effluent from the Manuwai Drainage Canal empties into the lagoon introducing toxic
chemicals and nutrients. Sources include the Honolulu Airport and the surrounding
industrial area. The shoreline along Lagoon Drive also supports several other drainage
systems. Non-point source runoff from the Hickam Golf Course is also introduced into the
lagoon.
Water quality along this segment of the south shore of O’ahu has been significantly
influenced by both the construction of the reef runway and the Sand Island sewage outfall
plant. State Water Quality Standards were not met for dissolved oxygen, turbidity and
coliform bacteria prior to diversion of the outfall in 1976. Nutrient and sediment
concentrations were high during the construction of the reef runway but improved
significantly following its completion.
Untreated sewage was discharged off Sand Island until 1977. This effluent was previously
released in less than 40 feet of water just 80m from shore. The waters off the reef runway
have greatly improved with the sewage diversion of effluent into 240 ft of water nearly 2
miles offshore. Coliform counts have decreased substantially since the sewage diversion
significantly reducing the health hazard for recreational users.
Ke’ehi ‘s small boat harbor has become a source of enteric viruses from domestic sewage
from live aboard boats.
Chemical contaminants of both the water and the sediments in the northeast basin of the
lagoon have been reported along with several substantial fish kills. Problems with nutrient
enrichment and high turbidity in inner waters are compounded by retarded water circulation.
Although the dredging of seaplane channels and the Kalihi Channel deepening increased the
water volume, the tidal flows did not change resulting in poor circulation. The inner waters
are sheltered from oceanic influences.
The addition of the circulation channel in the east end of the reef runway increased water
circulation and improved the quality of the water. Yet due to continued terrigenous inputs,
re-suspension of sediments and restricted circulation nutrient, suspended solids, and
turbidity concentrations remain high.
Noteworthy Biota or Ecological Conditions:
Halophila hawaiiensis a rare and ecologically important algae, can be found in some
abundance along the reef slope edge and bottom of the silted dredged portions of the borrow
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area. Little is known of the distribution and abundance of this endemic seagrass. Halophila
hawaiiensis is found in soft substrate. It serves as an important food resource for the
endangered green sea turtle, Chelonia mydas. It also serves as an important substrate for
other native epiphytic species of algae.
Pinctada margaritifera , the black lip pearl oyster is native to Hawai‘i. They are uncommon
in the main Hawaiian Islands, found in patchy distributions throughout the archipelago.
Scattered individuals are found on the reef slope area. Low density and patchy distribution
may increase susceptibility to environmental stresses, catastrophic events or anthropogenic
activities. Low reproductive rates due to small population size can also limit populations
(Rodgers, 1998).
The endangered Hawaiian stilt, Himatopus mexicanus knudseni use the mudflats and
shallow reef flats as feeding and resting grounds.
Historical and Cultural Importance:
Ke’ehi Lagoon was historically used by Hawaiians for aquaculture. Prehistoric Hawaiian
fishponds filled most of this area. Prior to the 20th century the shallow water fisheries in the
41 fishponds were some of the most productive in the state. Extensive mudflats supported
now endangered native waterfowl. These mudflats gave Ke’ehi it’s name meaning “to walk
or tread on” (Harvey, 1970).
A Hawaiian legend tells of an early Polynesian landing on Mokauea Island.
Pinctada margaritifera, the black lip pearl oyster found in Ke‘ehi lagoon, is a protected
marine fisheries resource. It is illegal to take, kill, possess, remove or sell this species in
Hawai‘i without a permit. The black lip pearl oyster was a vital part of the native culture
and must be retained, protected and managed for the survival of cultural practices and
spiritual values (Rodgers,1998).
The reef slope off the reef runway was once well known by shell collectors (Kay, 1979).
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4.0 West Maui Overview
Geographic Name: West Maui
Geographic Location:
The Honolua Watershed is located approximately 10 miles north of Lahaina in West Maui.
Population: 10,855

Fig.4.0-1. West Maui Watersheds.

Watersheds:
Honokahua Bay, Oneloa Bay, Namalu Bay, Kapalua Bay and Napili Bay, Honokōwai,
Honolua, Kahana, Wahikuli
Area in Acres: 23,260
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Fig.4.0-2. West Maui perennial streams.

Perennial Streams: Honokahua, Honokōwai, Honolua, Kahana, Wahikuli
The extensive upland dike system in West Maui generates spring discharge that feeds the
perennial streams in the district. All streams in West Maui have been completely diverted for
agricultural purposes except for Honokohau Stream, north of Honolua. Most of these
streams are dry during much of the year in upper elevations while lower reaches flow mainly
during heavy rainfall events.
Heavy rainfall in the upper reaches typically does not overflow the diversion systems
(Soicher and Peterson, 1996).
Physiography:
The first eruption of the West Maui volcano produced the Wailuku Volcanic Series and the
upland dike complex. These extensive series of lava flows gave rise to alternating pāhoehoe,
a‘a and clinker beds. These flows are overlain by the thicker flows of the Honolua Volcanic
Series north of Honokōwai Stream. The more recent Lahaina Volcanic Series near Lahaina
is separated from the Wailuku flows by massive sedimentary deposits overlying the shore
and the valley floor. A subsequent series of eruptions were followed by a period of inactivity
in which extensive erosional activity shaped the present landscape. During this period, sea
level fluctuations added to the erosional process.
A freshwater groundwater lens extends up to 6 km from the coast. Sedimentary caprock near
the shoreline is not strong enough to contain all the freshwater and discharge into the ocean
occurs. The Wailuku Series is more permeable due to its thin depth and extensive jointing.
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The overlapping Honolua Series is much less permeable consisting of typical thick and
heavily jointed basalt. Due to its proximity to the coast and limited extent, the region of the
Lahaina Series does not contain large reserves of freshwater. Thus, more fresh groundwater
is discharged in the central vicinity of West Maui. Dikes and perched water systems are
found beyond the extent of the lens.
As precipitation increases inland and to the north, groundwater also increases. Groundwater
heads can exceed 3 m in the inland, northern sectors (Soicher and Peterson, 1996).
Oceanographic and Meteorological Conditions:
In waters off west Maui, temperatures decline and salinities increase as water depths increase
towards the north. This is strongly influenced by groundwater and stream discharges of
freshwater. Temperature stratification is evident in a depth and latitudinal gradient. Warmer
waters are more prevalent in shallow, southern waters due to more intense solar heating. In
the northern part of west Maui, warmer waters are found further offshore due to colder
groundwater percolation and stream water influences nearshore. In general, temperature
stratification is small. No thermocline exists in waters less than 20 m due to shallow waters
and mixing by predominate Tradewind driven waves. A temperate inversion is evident in the
winter close to shore, near stream mouths due to increased freshwater discharge. Due to
lower density this freshwater plume lies above warmer, high salinity waters.
Large wave events and freshwater runoff cause high turbidity on this coastline. Fine-grained
particles are resuspended by high wave energy leading to large sediment plumes along most
of the coastline. More locally generated terrestrial input from streams add to the increased
turbidity in isolated areas near stream mouths (Storlazzi et al. 2003).
Wave and Current Regime:
From Lahaina to Ka’anapali along the West Maui coastline, the general flow direction of
inshore waters is northerly while the offshore currents run in the opposite direction. These
currents typically run parallel to shore. The opposite pattern is apparent in the northern part
of West Maui from Ka’anapali to Honolua Bay. The general currents travel south nearshore
and north offshore in a direction relatively parallel to the coastline. A convergence zone
between Mala Wharf and Ka’anapali creates an eddy traveling in a counterclockwise
direction. This eddy is a possible site for retention of larvae and sediment. Another possible
retention eddy in the Honolua area travels in a clockwise direction and is generated by turbid,
stream waters. Turbid, lower salinity waters are found in southern Ka’anapali extending just
beyond Kahana. This sediment plume has a gradient with more turbid waters in the north
that remain close to shore. As this plume travel south, sediment slowly moves offshore and
dissipates.
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Fig.4.0-3. West Maui Watersheds flow dynamics USGS Storlazzi 2003.

Alongshore currents in the west Maui region are substantially stronger than the cross-shore
currents with the exception of regions with re-circulating eddies. Mean alongshore current
velocities are 0.25 m/s along the 20 m isobath, dropping in speed to 0.10 m/s along the 5 m
isobath. The area between Honolua Bay and Lahaina (22 km) has a 24-hour water
replacement period in deeper waters (20 m) and three times that period in shallower waters (5
m). Oscillatory tidal flows decrease replacement times.
A high cross-shore sheer zone is located between 10 and 20 m depths. This may strongly
influence the coral reefs in these depths by retaining nutrients, larvae and contaminants
(Storlazzi et al. 2003).
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Human Use Patterns:
West Maui has historically been used mainly for commercial cultivation of sugarcane and
pineapple. In recent times, development, to accommodate the rapid rise in local and visitor
populations has altered the landscape of West Maui. Zoning assignments designate just over
50% as conservation lands, over 40% agricultural lands and 7% urban. Sugarcane is the
dominant crop in West Maui with over 2,500 ha controlled by Pioneer Mill. Lands where
sugar is grown commercially extends to within 5 km of the shoreline and as far north as
Honokōwai Stream.

Fig.4.0-4. Land Zonation in West Maui Soicher and Peterson, 1996.
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West Maui is expanding rapidly with resorts, hotels and condominiums adding to the
residential areas. Many of the visitor accommodations are found in the coastal regions
(Soicher and Peterson, 1996).
Status (Degree of Legal Protection):
The Honolua-Mokule‘ia Marine Life Conservation District (MLCD) was established in 1978.
This 45 acre MLCD is located on the northwest coast of Maui within the Honolua watershed.
The boundaries extend from the high water line seaward to the line across from ‘Alaelae
Point to Kalaepiha Point and extends up to the northwest end of Honolua Bay. Any type of
fishing or possession of fishing gear is strictly prohibited. Possession of fish caught or
fishing gear used outside the MLCD is permitted aboard vessels transiting the area.

Fig.4.0-5 .Honolua Marine Life Conservation District.

Management Concerns:
The groundwater in the Lahaina District is contaminated from a long history of agriculture.
Pesticides and commercial fertilizers used by Maui Land and Pineapple Company have
exceeded levels considered safe by the Dept. of Health. High levels of DBCP has initiated
closure of at least one well used for drinking water. Drinking water has also been
contaminated by intrusion of seawater into the shallow groundwater lens (Soicher and
Peterson, 1996).
Nutrient transport mechanisms include interacting physical and chemical parameters that
affect rates and concentrations of nutrients entering coastal waters. Physical parameters
include soil type, topography, vegetation, geology and rainfall. Nutrients can enter the ocean
through surface and sub-surface routes. Surface pathways include runoff from soil erosion in
the adjacent watershed into streams and direct discharge of runoff during heavy rains. Subsurface routes include infiltration and leaching of nutrients applied as fertilizers and injection
of nutrients into groundwater. Nitrogen transport occurs mainly from dissolved nitrogen in
groundwater from fertilizers and injection from wastewater effluent. High sorption and low
solubility in soils prevent leaching of applied phosphates although wastewater effluent
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contributes substantial amounts of phosphorus to coastal waters. Nitrate contamination has
been associated with commercial fertilizers. Fertilization to golf courses and crops are
extensive in West Maui. Nitrate discharge to coastal waters can affect biotic populations.
Discharge rates have not been quantified for West Maui aquifers although some estimates
using modeling techniques have been made (Soicher and Peterson, 1996).
Stevenson (1996) assessed nutrient contributions from different land uses in the Honokōwai
watershed and found that nitrogen and suspended solid concentrations are higher in runoff
from pineapple fields as compared to runoff from urban or forested areas. Phoshorus
concentrations were highest in pineapple field runoff and urban runoff with little contribution
from forested areas. Recent efforts to control pollutant discharge into coastal waters include
erosion control and a reduction in nutrient input. Sewage treatment plants have reduced
nitrogen levels discharged to injection wells by one-third. Ka’anapali Resort and the Maui
Pineapple Company are recyclying wastewater for irrigation. Best management practices for
controlling erosion are currently reducing sediment runoff in the construction industry. In a
collaborative effort by federal, state and private agencies to control suspended sediment
release to coastal waters, 22 desilting basins that trap sediment and retain it from discharging
to the ocean are in place in West Maui streams.
Large concentrations of Hypnea musciformis were found in Wahikuli, West Maui where
shallow cesspools release nutrient rich waters to the nearshore region (Bourke, 1996).
Excess nutrients to the nearshore environment have been indicated as one of the main forcing
functions for the nuisance algal blooms in West Maui. Numerous research projects have
addressed this issue. Ecological surveys documented the distribution and abundance of these
invasive species (Bourke, 1996), monitored blooms (Hodges, 1996), and predicted growth
and accumulation (Anderson and Fong, 1996). The source of nutrients to marine waters was
also intensively investigated (Tetra tech, 1993, Peterson, 1996, Stevenson, 1997). Dollar and
De Carlo (1996) determined terrestrial and oceanic linkages and concentrations of nutrients
in coastal waters (Dollar 1996). The physical processes influencing algal blooms were
investigated through current patterns responsible for nutrient transport (Sun, 1996) and
through the role that physics plays in algal blooms (Flament and Lumpkin, 1996).
Although Dollar (1996) concluded “there are no indications from the data that nutrient
subsidies are resulting in any alteration of biological community structure or function.
Rather, data suggest that the materials reaching the ocean are rapidly mixed to background
oceanic levels by physical mixing processes" no data from high rainfall and runoff events
were used.
Along with nutrient concentrations, other inter-related, controlling factors also influence
algal blooms. These include grazing pressure and habitat availability along with other
physical, biological and chemical factors.
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Fig.4.0-6. Distribution of Abundant Algal Growth in West Maui Soicher and Peterson, 1996.

Noteworthy Biota or Ecological Conditions:
Nuisance algal blooms have plagued the West Maui coast in recent times. The first reported
complaints were filed in 1986. Since then numerous reports of decomposing seaweed on
beaches along the coast have prompted scientific research projects funded by state and
federal agencies and private organizations.
The three main culprits contributing to these excessive blooms are from the genus
Cladophora sericea, Hypnea musciformis and Ulva fasciata. At each bloom, one of these
species is dominant due to distribution and varying conditions under which they flourish.
Nuisance blooms of Cladophora sericea first occurred in 1989, 1991 and 1992. This was
followed by an absence of blooms until 1998, 1999, and 2000. C. sericea blooms begin in
the summer and are washed up on beaches when winter swells dislodges them from the
substrate. This filamentous algae can overgrow corals and interfere with recreational use in
the area. The deterioration of corals extends to the rest of the ecosystem that is
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interdependent on corals for food and shelter. C. sericea has been documented to respond
well to high nutrient levels, classifying it as a pollution indicator. . C. sericea typically grows
in deeper waters between 10 and 35 m as an epiphyte attached to Halimeda. Its range is
extensive with blooms reported from Lahaina to Honolua. Unlike Hypnea blooms, which
are, localized occurrences in areas of high nutrient input, C. sericea responds to wider range
perturbations. C. sericea populations are extensive, typically a kilometer or wider in coastal
waters. In these shallow waters, the presence of this nuisance alga appears to be consistent
with a terrestrial source of nutrients (Bourke, 1996). Southerly currents and elevated
temperatures may also influence C. sericea blooms (Sun, 1996).

Fig. 4.0-7. Cladophora sericea bloom off Honokōwai, West Maui. Photo by Bennett

Hypnea musciformis was intentionally introduced into Kāne‘ohe Bay in 1974 in an attempt
to farm it as an aquaculture product for its carageenan. It may have been accidentally
introduced earlier into Pearl Harbor through bilge water discharge. As with other invasive
species, H. musciformis has high growth rates, effective means of propagation and
morphological plasticity that allow it to expand rapidly into new areas. H. musciformis
reproduces both sexually and asexually through vegetative fragmentation and abundant
sporophytic production. H. musciformis is an opportunistic species, taking advantage of
nutrient rich, nearshore waters and growing as an epiphyte attached to other species in
shallow surge zones. Strong surf typically in the winter months, dislodge H. musciformis
from the substrate. Localized blooms occur in regions with high nutrient input from runoff,
streams and groundwater (Bourke, 1996). In West Maui, H. musciformis is abundant where
Ulva fasciata is scarce due to its ability to invade a wider range of habitats and disperse more
efficiently than U. fasciata (Hodges, 1996). Grazing by fishes and high water motion may
limit growth of H. musciformis in some habitats (Anderson and Fong, 1996).
Shortly following the first documented report of its spread to Maui in 1985, complaints of H.
musciformis washing ashore and decomposing were reported. In West Maui, this nuisance
algae was reported from Mahinahina and Honokōwai in 1986 and again became a problem in
1995 and 1996.
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Fig. 4.0-8. .Hypnea musciformis abundance on Maui Jennifer Smith

Ulva fasciata has been documented as another nuisance species that washes ashore
often mixed with Hypnea musciformis. This rapidly growing alga is widely distributed in
shallow waters around Maui and proliferates in regions with freshwater input.
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Fig. 4.0-9. Ulva fasciata Hunt and McGruder

Scientific Importance and Research Potential:
As part of the USGS Coastal and Marine Geology Program’s Coral Reef Project currents,
turbidity, temperature and salinity were investigated between 2001 and 2003 to understand
transport mechanisms and pollutants on coral reefs. Hydrographic surveys were conducted
along the west Maui coastline while more detailed measurements were conducted in the
Kahana region.
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search for the factors contributing to algal growth. Because we expected that elevated
nutrient levels might play a role in the blooms, this study examined the nutrient and sediment
budgets from terrestrial sources entering the coastal waters. Although our work did not show
any definitive causal relationship between algal growth and terrestrial nutrient and sediment
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2 Aphareus furcatus (wahanui), 1 Lutijanus kasmira (ta'ape), 1 Cheilinus rhodochrous
(po'ou), and 1 Sphyraena barracuda (kaku) were assessed in this study. Ciguateric fish
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Hawaii. All fish samples were found to be in the toxic range (1.5 to 2.4, mean of 2.0, s-eia
values) by immunological assessment. Twenty out of 31 exposed individuals became ill with
symptoms characteristic of ciguatera fish poisoning. Illness occurred in both sexes of all ages
(7-78) without distinction, except in two youths who showed fewer symptoms than the
adults. This is probably due to previous exposures of the adults to ciguatoxins and also to the
amounts of toxic fish consumed. Mouse toxicity values in the MEOH fractions ranged from
2-5 with a mean of 4.3, while the hexane fractions ranged from 2-4 with a mean of 3.3. The
guinea pig atrial assay suggested the presence of diverse toxins in both MEOH and hexane
fractions as shown by the inotropic (sodium channel activation) responses. Some of the
hexane fractions demonstrated the presence of a sodium channel inhibitor toxin in the guinea
pig atrial assay. In summation, these results suggest that: (1) there is diversity of toxins
between species; (2) more than one toxin is present in each fish sample; (3) toxicity may be
additive with each toxin contributing individually; and (4) these samples contained a sodium
channel inhibitor toxin described previously in ciguatera-implicated fish.
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Abstract: We surveyed mitochondrial (mt)dna restriction site variation within each of the
five native species of Hawaiian freshwater fishes: Lentipes concolor, Stenogobius
hawaiiensis, Sicyopterus stimpsoni, Awaous guamensis, and Eleotris sandwicensis. Mtdna
haplotypes did not vary geographically except among samples of S. hawaiiensis, where
haplotypes from Maui clustered together. One haplotype in this cluster also was found on
Kauai and on Oahu, and one haplotype was found only on Kauai. Mtdna data suggest gene
flow among islands, consistent with interisland dispersal through amphidromous larvae. We
hypothesize that dispersal has prevented further speciation in these fishes and that
colonization of island freshwater habitats by larvae could be independent of natal island.
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Pittman, Corydon C. and Charles J. Flora 1988. A list of biota for the nearshore marine waters
of Maui, Hawaii Western Washington University
Abstract: Yearly, from 1978, Western Washingotn University has offered a summer class in
marine biology on the leeward shores of Maui, Hawaii. For each visit, a careful record of
species associated with the neritic was made and the compilation of ten years is given in the
following list. Areas surveyed were: Honolua Bay, Slaughterhouse Cove (Makuleia Bay),
Napili Bay, Black Rock (Wall VII), Lahaina Wharf (Mala Wharf), Hekili Point (Camp
Pecusa), Far East Site, Papawai Point, Maalaea Bay, Ahihi Bay, and La Perouse Bay.
Wailea Development Co., Inc. 1988. Wailea, Maui: current development plans Wailea, Maui,
Hawaii : Wailea Development Co., Inc, 1988 - Call Number: UH MANOA DZ 891222.01
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State of Hawaii - Dept. Land and Natural Resources - Div. Fish & Game
(DF&G). 1976. Marine survey of Honolua, Mokuleia and Napili Bays, Island of Maui.
State of Hawaii, Department of Land and Natural Resources, Division of Aquatic
Resources, Honolulu 15 pp.
Abstract: Situated 10 miles North of Lahaina, Honolua Bay is approximately four acres in
size with steep shoreline cliffs bordering shallow fringing reefs on each side of the bay. The
Southeastern shoreline is composed of a soil-sand beach interspersed with rocks and
boulders, a boat launching ramp oand the mouth of the intermittent Honolua Stream.
Between the fringing reefs lies a sand channel (300-400 feet wide), where dark sand
intermixed with silt and debris, grades to lighter and cleaner sand at the mouth of the bay.
The reefs are composed of coral and flat sandstone, with boulders skirting the outer margin
and setting apart the reefs from the sand channel. Coral is relatively abundant and diverse
primarily along the Northeastern offshore areas of the bay. The dominat corals observed were
of the genera Porites, Montipora, and Pocillopora. A heavy influx of freshwater was
encountered along the inner margin of the bay, where the water was turbid and colder than
water over the fringing reefs.
Four fish counting transects were conducted. The most fish species most abundant in the bay
was Acanthurus xanthopterus, or Pualu. Fishes were concentrated over the coral reefs which
were most abundant along the outer margins of the bay. Heavy siltation from runoff and
freshwater seepage were noted and could be the cause of the lack of coral and fish life in the
inner reaches of the bay. The survey recommended that the bay be designated a MLCD
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4.1 Coastal Segment: Kahekili

Fig. 4.1-1. Chart of Kahekili segment

Geographic Location: 22° 56.257’ N
Population: 94
Watersheds: Wahikuli
Area in Acres: 6,420

159° 41.595’ W
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Perennial Streams: Wahikuli
Physiography:
Area Description: Watershed forest reserve. Upslope sugarcane fields have been fallow since
1999 with area planned for nearshore housing and resort development. Sewage treatment
plant in close proximity (south of Honokōwai) with 4 injection wells. Northern exposure,
sheltered.
Reef Structure, Habitat Classification:
Exposed limestone rubble and sand beach shoreline. Mixed cabonate/sand sloping shallow
reef with high coral cover. Deep CRAMP site at Kahekili characterized by aggregated coral
heads with moderate to high rugosity and interspersed with sand patches.
Wave and Current Regime:
A weak but consistent wave driven current travels southwesterly along the shore from
Kapalua to Black Rock. In contrast, the currents offshore run in a northeasterly direction.
Both groundwater and turbid stream runoff influence this region (Storlazzi et al. 2003).
Human Use Patterns:
A large resort at Ka’anapali, hotels and residences can be found in this area. Most of these
facilities are connected to the sewer system (Soicher and Peterson, 1996).
Management Concerns:
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Management concerns include nutrient inputs from agriculture and injection wells,
dimentation from runoff.
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4.2 Coastal Segment :Honokōwai
Population: 515
Watersheds: Honokōwai

Fig. 4.2-1. Map of Honokōwai watershed

Area in Acres: 5,631
Perennial Streams: Honokōwai
Physiography:
Keka‘a cone divides an otherwise uninterrupted sandy beach. The Wailuku Volcanic Series
created the alluvial plains and underlying basalt in this region. Diversion of Honokōwai
Stream for irrigation purposes has significantly reduced flow to the lower reaches.
Reef Structure, Habitat Classification:
Consolidated limestone is found at below 20’. Coral cover of approximately 10%
(predominately Pocillopora meandrina) can be found off Honokōwai Point. Benthos in
shallower waters consists of reef rock and older beackrock that extends over a mile offshore.
The shoreline is formed by a strip of continuous beachrock. Large pockets of sand can be
found offshore. Sand overlies the limestone off the power plant region. Few corals exist off
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Mahinahina Point. The area off Honokōwai Beach Park has high coral cover and high
water visibility. Distribution of corals is patchy in the area northeast of Honokōwai Beach.
Porites compressa is dominant in this region with coverage increasing with depth.
Oceanographic and Meteorological Conditions:
Between Honolua Bay and Honokōwai in the northern part of west Maui, more stream
discharge and sediment deposition occurs. This is due to increases in rainfall moving in a
south to north direction. Inshore salinities decrease as a result of this freshwater input. Wave
driven currents move this turbid, low salinity plume south towards Ka’anapali where it is
taken offshore (Storlazzi et al. 2003).
Tsunami flooding has occurred in the past due to low lying lands. The tsunami of 1946
reached an elevation of 14’ while the 1960 tsunami traveled inland to an elevation of 10’.
Wave and Current Regime:
The currents offshore beyond the 15 m isobath travel north from Honokōwai to Napili
while water flow in shallower waters travel in the opposite direction (Storlazzi et al. 2003).
During the rising spring tide these currents are intensified.
Human Use Patterns:
The Pioneer Mill Company controls lands used for cultivation of sugarcane that extends as
far north as Honokōwai Stream. The Maui Pineapple Company control over 2,000 ha of
pineapple fields that extend from near the coast to 5 km inland, starting at Honokōwai
Stream. Recent attempts to increase productivity have included irrigation of fields that
previously were not irrigated due to the high rainfall in the area (Soicher and Peterson, 1996).
Economic Value and Social Benefits:
Resorts and condominiums line this area allowing public shoreline access through Honokō
wai Beach Park.
Status (Degree of Legal Protection):
Open Access
Management Concerns:
The Lahaina Wastewater Reclamation Facility near Honokōwai Point serves the majority of
the expansive resorts, hotels and residences in West Maui. A small number of residences
still use cesspools. Wastewater injection wells off Honokōwai were not found to be a major
contributor of nutrients in the immediate offshore area (Bourke, 1996).
Stevenson (1996) assessed nutrient contributions from different land uses in the Honokōwai
watershed and found that nitrogen and suspended solid concentrations are higher in runoff
from pineapple fields as compared to runoff from urban or forested areas. Phosphorus
concentrations were highest in pineapple field runoff and urban runoff with little contribution
from forested areas.
Over 200 green sea turtles (Chelonia mydas) reside at Honokōwai. Over a four year period
nearly 80% of the turtles observered here have the fibropapilloma virus. Although
suggested, no direct link to anthropogenic sources has been made. The coastal waters of
Honokōwai have been subjected to extensive runoff events, algal blooms and influence from
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a nearby sewage treatment plant. The nuisance alga, Cladophora sericea has washed ashore
on numerous occasions since 1989. Heavy silt deposits as deep as 15 cm have collected in
nearshore waters during high rainfall. Over 11 million liters of effluent are pumped into
injection wells that leach nitrates and phosphates into the ocean.
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4.3 Coastal Segment: Kahana
Geographic Name: Kahana
Geographic Location: Kahana, Honokeana Bay, ‘Alaeloa Iki, Keonenui Beach and Ka‘ea
Point
Population: 4950
Watersheds: Kahana
Area in Acres: 5,064

Fig. 4.3-1. Map of Kahana watershed

Perennial Streams: Kahana
Physiography:
Kahana is the transition point between the Honolua lava flows to the northeast and the
Wailuku flows to the southwest. A narrow beach extends from Mahinahina Point to Kai‘a
Point. Small sand beaches can be found in coves between Honokeana Bay and Kai‘a Point.
Both basaltic and calcareous grains comprise the sands at the Kahana river mouth. Kahana
stream mouth consists of both alluvium and colluvium deposits. As with many Hawaiian

Final Report: EPA Grant CD97918401-0 P. L. Jokiel, K S. Rodgers and Eric K. Brown

Page 246

streams, Kahana had been altered for irrigation. This diversion has reduced the flow at the
lower reaches where water is blocked by the beach from entering the sea.
Reef Structure, Habitat Classification:
Shallow tidepools can be found in the bench landward of Keonenui Beach. Further inshore,
sand dunes were formed from nearby beaches.
Oceanographic and Meteorological Conditions:
Water temperatures are slightly higher inshore. Temperatures recorded between 2001 and
2003 at Kahana averaged 25.25 oC at the 10 m depth and 26.50 oC at the 3 m depth. Longterm warming is evident during net flows in the northeasterly direction possibly caused by
cooler, deep waters in the Pailolo Channel migrating towards shore, while short term
warming occurs with the ebb tides. During typical trade wind weather, water temperatures
varied by between 0.5 oC and 1.0 oC. Rapid changes in temperature are a direct result of
rapid changes in current direction.
Salinities range from between 32.2 PSU to 35.2 PSU at Kahana. With rising tides, higher
salinity waters move towards shore while lower salinity pulses relate to offshore flow. The
sources for these lower salinities are from freshwater groundwater intrusion and onshore
runoff.
Turbidity increases during high wave events, outgoing tides, prolonged stream discharges
and strong Trades. Turbidity is higher and more variable at 10 m depths than at 2 m. High
turbidity levels are probably a combination of resuspension of sediment from the seafloor
and discharge from terrestrial sources. Coarse sediments at Kahana are primarily carbonate,
of oceanic origin while the finer grained sediments are from terrestrial sources. Although
fine grained particles are present at deeper depth, they are not found in great quantities in
shallower depths due to high wave action in these areas (Storlazzi et al. 2003).
The tsunami of 1946 reached an elevation of 24’ at Ka‘ea Point. At Kahana Point, the 1957
tsunami extended to an 8’ elevation.
Wave and Current Regime:
Mixed, semi-diurnal tides include two high and two low tides daily with tidal changes every
six hours. Tidal ranges are low, with a mean of approximately 0.6 m, ranging between 0.4
and 1.0 m.
Tides mainly control the current speed and direction. Currents off Kahana travel in a
northeast direction, parallel to shore with the incoming flood tide. In contrast, the currents on
the outgoing, ebb tide flow in a southwesterly direction also parallel to shore. These primary
shore-parallel currents travel offshore in the winter when wave heights increase. This is
especially apparent at the 2 m isobath when significant wave heights exceed 0.6 m where
waves cause water to pile up onshore causing offshore return flow.
The main forcing function of currents at shallow depths appear to be waves. Mean tidal
current velocities taken 5 m above the substrate indicate higher speeds along the 10m isobath
(0.17 m/s), than at the 2 m isobath (0.05 m/s). These currents are also more consistent at the
10 m isobath. Current speeds increase during spring tides at full and new moons.
The dominant forcing function at deeper depth is wind. Typical tradewinds blow to the
southwest, forcing water into the Pailolo Channel between Maui and Moloka’i and initiating
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little net flow alongshore and offshore. In contrast, southerly or westerly winds creates a
northeasterly net flow (Storlazzi et al. 2003).
Surf spots can be found along this shoreline generated by northwest swells.
Human Use Patterns:
Condominium developments are located along much of the coastline. Public access is
obtained through Haukoe Point, Keonenui Bay and between condominiums.
Status (Degree of Legal Protection):
Open Access
Management Concerns:
Nutrification of waters near Kahana Stream
Noteworthy Biota or Ecological Conditions:
Seepage and intermittent storm flow from Kahana Stream contribute to nutrient enrichment
of nearshore regions evidenced by high biomass of seaweed in the genus Ulva, indicative of
freshwater input.
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4.4 Coastal Segment: Honokahua
Human Population (2000 census): 3,787
Watersheds: Honokahua
Area in Acres: 3,117

Fig. 4.4-1. Map of Honokahua watershed

Perennial Streams: Honokahua
At the 800 ft elevation, a quarter of a million gallons are diverted from Honolua Stream into
Honokahua ditch for commercial irrigation and residential use.
Physiography: :
The Honolua series produced the Honokahua watershed. Makalapuna and Hawea Points
within the watershed were produced by the most recent flows in this region. Large sand
dunes formed inland from Honokahua, Oneloa, and Kapalua Beaches.
Reef Structure, Habitat Classification:
Honokahua Bay is bordered by limestone deposits on the northeast. Consolidated pavement
of basaltic origin extends beyond the bay.
There is low coral cover (5%) northeast of Namalu Bay, Porites lobata is the dominant coral
species here.
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Kapalua Bay: Narrow ledges and volcanic boulders border Kapalua Bay. North Kapalua is
bordered by a reef shelf protecting the inner bay from high surf. Scattered sand patches are
found on the reef of south Kapalua Bay. Below 15’, the middle of the bay consists mainly of
sand. Boulders and ledges border the entire bay. The deeper reef in the southern section of
Kapalua Bay contains numerous sand pockets increasing to a sand bottom in the middle of
the bay. Sand area varies seasonally. More extensive sand pockets occupy deeper waters.
Napili Bay has a large sand deposits up to 15’ in the inner bay. A sand channel exits the
northeast end of the bay running along a narrow strip of reef rock.
A narrow reef ledge on the northeast side with more extensive reef formation on the southern
side of the bay extending out to approximately 10 meters.
Oneloa Bay is characterized by a steep sloping beach surrounded by low cliffs. A line of
basaltic boulders can be found on the eastern side of the bay while scattered boulders are
found in the western sector. A shallow, narrow, flat reef shelf extends approximately 75
meters offshore. Beyond the reef flat, water depth increases rapidly as the reef front drops
steeply. Exposure of approximately half of the reef flat occurs during low tide. Numerous
small, narrow sand channels run perpendicular to the shoreline cumulatively accounting for
over 15% of the reef flat. On the eastern side of the bay boulders extend to about 3m at
which point a limestone bottom with scattered sand pockets gradually increases to form a
complete sand layer overlaying the limestone bottom. At 15m sand and hardbottom are
found.
Oceanographic and Meteorological Conditions:
The tsunami of 1946 reached an elevation of 27’ at Hawea Point while the 1957 tsunami
extended to 12’ elevations in Kapalua Bay. Oneloa Bay was affected by the tsunami of 1960
up to 8’ elevations.
Wave and Current Regime:
Strong, currents run offshore from west Honokahua Beach Park. The North Pacific Swell
produces high surf in Honokahua Bay. High surf generated by northwest swells can create a
rip current through the sand channel in north Kapalua Bay.
Inshore currents run south between Napili and Mala Wharf while offshore currents travel in a
northwesterly direction (Storlazzi et al. 2003).
Economic Value and Social Benefits:
Resort development restricts shoreline access from Ka‘anapali to Makaluapuna Point. Public
access to Honokahua Bay is easily attained through Fleming Beach Park. Napili Beach also
provides ocean access. Snorkeling is a popular recreation at Kapalua Beach and in Kapalua,
Honokahua, Namalu bays. Napili Bay is popular with tourists and local bodysurfers. Other
recreational uses include small craft, spear and net fishing.
Status (Degree of Legal Protection):
Open Access
Management Concerns:
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Oneloa Bay: Terrigenous input is evident in the eastern portion of the bay by the fine, dark
sediment mixed with the calcareous sand. During periods of high precipitation, turbidity
increases substantially within the bay.
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4.5 Coastal Segment: Honolua

Fig. 4.5-1. Chart of Honolua segment

Fig. 4.5-2. Aerial of Honolua Bay
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Geographic Name: Honolua
Geographic Location: Honolua Bay is located on the northwestern coast of Maui,
about 10 miles north of Lahaina at (21° 00.9' N; 156° 38.39' W)
Population: 1509
Watersheds: Honolua
The Honolua Watershed includes Honolua Stream, Papua Gulch and Pahiki Gulch which
drains into the semi-enclosed, 26 acre Honolua Bay.
Area in Acres: 3028

Fig. 4.5-3. Map of Honolua perennial streams

Perennial Streams: Honolua
Honolua Stream is a diverted, uninterrupted stream, which is approximately 7.5 miles in
length. In the upper reaches, over 5 million gallons per day flow downstream. At the 800 ft
elevation, a quarter of a million gallons are diverted into Honokahua ditch for commercial
irrigation and residential use.
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Physiography:
Honolua Bay is a semi-enclosed bay with an area of approximately 46,000m2 (500,000ft2).
Along the north and south slopes the shoreline area consists of a series of basalt cliffs and
ledges with larger boulders fronting the shore. This gives way to reef flats on both the north
and south faces of the bay. A reef crest occurs on the seaward edge of the reef flat with a
steep slope from the crest down to the central channel at a depth of 8-13m. The central
portion of Honolua bay consists of a sand channel interspersed with beds of Halimeda sp.
This sand is coarse, with the carbonate fraction increasing from the shoreline to the outer
edge of the bay. A sand beach interspersed with small rocky boulders exists at the head of the
bay. The intermittent Honolua Stream transports varying amounts of fresh water and silt into
Honolua Bay during rains. As a result, inshore waters of the bay near the boat ramp area are
can be very murky. The bottom here consists of small boulders and silt. Visibility improves
towards the mouth of the bay. The middle of the bay is occupied by a large sand channel,
sloping gradually to a depth of about 60 feet at the bay's mouth. On either side of the bay are
dense coral formations in waters ranging from 10 to 40 feet deep. Coral is more abundant and
diverse along the northeastern shoreline. Small caves and archways are found near the point
on the bay's south margin.
Mokule‘ia Bay consists of mainly sand with large boulders on the northeast side and
consolidated basalt along the southwest border. A shallow cove west of Mokulei‘a Beach
has between 10 and 20% coral cover.
Reef Structure, Habitat Classification:
Two coral reefs border the northern and southern flanks of the bay. The south reef has a
basalt substrate with coverage around 25-30%. The north reef has coral coverage near 2025% on the reef flat. Coral coverage increases with depth to approximately 70-80% until
finally giving way to the central sand flat. The central sand flat occurs at a depth of 40' and is
covered with patches of the alga Halimeda sp.
Poor visibility in the inshore waters is primarily due to sediment input from Honolua Stream.
Visibility improves in deeper waters and towards the sides of the bay. A sand channel in the
center of the bay slopes to a depth of about 30 m. The northeast shore has higher
abundance of coral. Caves are located near the point between Honolua and Mokule‘ia Bays.
Mokule‘ia Bay is mainly sand with submerged boulders near Kalaepiha Point and basalt
substrate near ‘Alaelae Point. Both areas have significant coral cover.
Wave and Current Regime:
Honolua Bay currents run in a fairly consistent clock-wise direction. Oceanic waters enter
the center of the bay then sweep back across the reef. Both surface and subsurface currents
follow this pattern.
Honolua Bay is partially sheltered by Moloka’i from strong wave action although N/NE and
NW swells can produce large waves during winter months. These swells combined with the
extensive reef formation provide good surfing conditions.
Turbid stream runoff in Honolua Bay creates a persistent eddy. This turbid plume dissipates
quickly with distance from Honolua Stream’s mouth, due to high wave energy (Storlazzi et
al. 2003).
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Human Use Patterns:
The Honolua watershed has historically been used for a diversity of purposes including
ranching, agriculture and recreation. These uses have accelerated erosional processes
contributing to the sedimentation problems within Honolua Bay. Remedial measures and
best management practices have been implemented to limit sediment discharge. The major
land owner in the watershed, Maui Land and Pineapple Company constructed erosion control
structures, diversion ditches, filters and sediment basins. The Nature Conservancy and Maui
Land and Pineapple Company established a conservation plan which included fencing,
hunting and snares that has considerably reduced the feral animals.
The Honolua Watershed contains both conservation and agricultural lands. There are no
urban lands within the Honolua Watershed. The State Conservation District, managed by the
West Maui Natural Area Reserve, Pu’u Kukui Watershed Management Area, and the West
Maui Forest Reserve is located in the upper sections of the watershed. This area is relatively
pristine consisting mainly of native forest. An increase in introduced plant species can be
found below the conservation lands. Below 1500 ft alien species dominate.
The land surrounding Honolua Bay is owned by Maui Pineapple Co. and is in conservation
and agricultural use.
This is one of the most popular water recreation sites on Maui. The only overland access into
Honolua Bay MLCD is an unimproved, gated, one lane private dirt road intersecting the
Lower Honoapiilani Highway. Use of this road requires a permit from the landowner, Maui
Pineapple Company. The only existing improvement is a weathered boat ramp. There are no
public restrooms or telephones nor access to electricity or freshwater. Honolua Bay MLCD is
undeveloped.
Brown (1999) conducted a human use study of Honolua Bay. Peak human use was between
11am to 2pm with summer months recording the highest visitor traffic. The maximum visitor
count of 222 people was observed on August 23rd 1998. The majority of visitors engaged in
snorkeling activities over both reef areas from the beach and boats. Less than 5% of the total
people were SCUBA diving or surfing and no fishing was ever observed within the MLCD
boundary. Human use at Honolua Bay is high compared with other areas on Maui with the
possible exception of Kahekili Park. Human use patterns may also negatively impact the reef
area, which may help explain observed decreases in coral coverage observed over both reefs
within the bay.
Commercial fishermen use the boat ramp at Honolua to launch their vessels and use the
shoreline as a base camp for their offshore activities. Commercial tour boat operators bring
up to 250 people per day to this site. Primary uses of the bay include recreational diving,
snorkeling and boating activities that may or may not involve anchor placement. Over the
past few years Honolua Bay has become extremely popular with both tourists and visitors.
Up to 600-700 people visit the site daily during peak season (Brown, 1999).
Access is restricted by high cliff to this region except at Honolua and Mokulei‘a Bays.
Northeast of Honolua Bay, shoreline fishing, skin diving and surfing are popular.
Economic Value and Social Benefits:
No marine life can be taken in Honolua, so this MLCD plays a role in production of larvae
and fish that enhance other coastal areas that are being subjected to fishing pressure.
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Honolua bay is an important tourist destination and thereby enhances the economy of the
State of Hawai‘i.
Status (Degree of Legal Protection):
Honolua Bay is part of the Honolua-Mokuleia Bay Marine Life Conservation
District (MLCD) established in 1978. The MLCD extends from the highwater mark
seaward to a line from 'Alaelae Point to Kalaepiha Point, then to the point at the
northwestern corner of Honolua Bay. Fishing for, taking or injuring any type of
marine life is prohibited, as is the possession in the water of any type of fishing gear.
However, possession of fishing gear, or fish taken outside of the District, is permitted
aboard boats. Bagging and removing akule netted outside of the District is allowed
with a special permit. Authority for managing the marine resources within three miles
(4.8 km) of the high tide mark lies with the Division of Aquatic Resources,
Department of Land and Natural Resources. All laws pertaining to the management of
state marine resources apply (see pamphlet "Hawaii Fishing regulations, September
1999", 51 pp. available from Division of Aquatic Resources, Department of Land and
Natural Resources, Kalanimoku Building, 1151 Punchbowl St., Rm. 330, Honolulu,
Hawaii).

Fig. 4.5-4. Boundaries of the Honolua Marine Life Conservation District

Honolua Bay became part of the Hawaiian Islands Humpback Whale National Marine
Sanctuary in 1997.
Management Concerns:
The major concern at Honolua has been the large number of visitors that utilize the
area in spite of very restricted access. Continued growth of the number of visitors
could lead to increasing environmental concerns such as those occurring at Hanauma
Bay MLCD and Molokini MLCD. Changes in adjacent land use on the watershed
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draining into Honolua in the future would raise concerns related to increased
sedimentation and eutrophication. Anchor damage and fish feeding are also concerns.
Agricultural runoff into Honolua Bay from adjacent pineapple fields is the major
source of sedimentation to reefs. A 30% decline in coral cover was documented by
Steve Dollar in surveys conducted in 1992 to recent resurveys conducted in 2003.
Sedimentation events have resulted in coral species that are tolerant to sedimentation.
Deposition of sediment is due to poor flushing of the protected bay. Efforts to control
soil erosion through better management practices in the mid watershed and feral
animal control in the upper regions have been implemented by state, federal and
private agencies. Possible projects suggested by stakeholders include designing
wastewater system alternatives, storm drainage management and carrying capacity
studies for Honolua Bay. Currently, USGS, DLNR and UH are conducting various
projects within Honolua Bay. Maui Land and Pineapple Company are supporting
water quality monitoring.
Permanent transects installed in 1999 by the Coral Reef Assessment and Monitoring
Program (CRAMP) showed a slight increase in coral cover between 1999 and 2000 at
both south and North Honolua Bay. This increase was not statistically significant.
Along with the problem of sedimentation, alien algae, recreational overuse and overfishing are threats to the reefs. Poaching within the MLCD is a problem exacerbated
by the lack of enforcement. The high recreational use of the area is not supported by
the infrastructure. This area lacks permanent moorings, parking facilities and
restrooms.
Noteworthy Biota or Ecological Conditions:
Honolua Bay Marine Life Conservation District (MLCD) located in the northwestern section
of Maui has one of the most diverse, unique and abundant reef formations on the island
(Environmental Consultants, 1974; AECOS, 1981). Several resting areas for the threatened
green sea turtle (Chelonia mydas) have been identified on both the north and south reefs. The
majority (8-9) of turtles observed at Honolua appear to reside on the northwestern section of
the reef crest just inside of the MLCD boundary.
Recommendations: Studies should be undertaken before any plans to improve access and
local facilities are implemented. Improving access will have an impact on the bay. Any
chanage in watershed use could cause damage to the Honolua bay reefs. Commercial diving
tour operations must be monitored and kept to a reasonable level of activity. Mooring pins
must be maintained to prevent anchor damage.
Historical and Cultural Importance:
The shark ‘aumakua or guardian spirits were regularly fed by Hawaiian fishermen in
Mokulei‘a Bay. The tradition was later inadvertently continued when discarded animal
remains were thrown into the bay. Numerous sharks were attracted to this region known as
the “Slaughter House”. This name was derived from the cattle slaughter operation that once
operated on the nearby cliffs.
Scientific Importance and Research Potential:
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Since 1989 the Pacific Whale Foundation (PWF) has been involved in the monitoring
of fish and coral within Honolua Bay using benign techniques to access changes in
community dynamics. The PWF monitoring protocol was expanded in 1996 to include
physical factors. In 1997 this investigation began observations on human use patterns
at Honolua and several sites on west Maui in order to assess possible direct
anthropogenic factors such as reef walking impact on corals. This site was absorbed
into the CRAMP network in 1999 with a continuing partnership with the Pacific
Whale Foundation. Studies are continuing under this arrangement.
The Coral Reef Assessment and Monitoring Program has two permanent sites in
Honolua Bay. The initial installation of the 3m north and south bay sites in 1999
provided baseline data. Annual monitoring of benthic populations has not detected
significant changes to date.
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Abstract: Situated 10 miles North of Lahaina, Honolua Bay is approximately four acres in
size with steep shoreline cliffs bordering shallow fringing reefs on each side of the bay.
The Southeastern shoreline is composed of a soil-sand beach interspersed with rocks and
boulders, a boat launching ramp oand the mouth of the intermittent Honolua Stream.
Between the fringing reefs lies a sand channel (300-400 feet wide), where dark sand
intermixed with silt and debris, grades to lighter and cleaner sand at the mouth of the bay.
The reefs are composed of coral and flat sandstone, with boulders skirting the outer
margin and setting apart the reefs from the sand channel. Coral is relatively abundant and
diverse primarily along the Northeastern offshore areas of the bay. The dominat corals
observed were of the genera Porites, Montipora, and Pocillopora. A heavy influx of
freshwater was encountered along the inner margin of the bay, where the water was turbid
and colder than water over the fringing reefs.
Four fish counting transects were conducted. The most fish species most abundant in the
bay was Acanthurus xanthopterus, or Pualu. Fishes were concentrated over the coral reefs
which were most abundant along the outer margins of the bay. Heavy siltation from runoff
and freshwater seepage were noted and could be the cause of the lack of coral and fish life
in the inner reaches of the bay. The survey recommended that the bay be designated a
MLCD through public planning procedures if "the discharge of silt-laden stream waters
into the bay" can be stopped.
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aspects of the trophic ecology of Halocaridina rubra Holthuis (Decapoda, Atyidae) UH
Masters Thesis, Department Of Botany - Call Number: UH MANOA Q111 .H3 no.1368
Comments: Survey of anchialine ponds. Lists algal species at each pond, but no
quantitative data on abundance of algae or shrimp. Includes coordinates for locating
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5.0 Establishment of new CRAMP sites.
This project added two new sites to the existing CRAMP network of 30 sites. There
was a clear need for a site on Southeast Oahu and another site on West Maui. The Division of
Aquatic Resources (DAR) assisted with installation of the West Maui site. The SE Oahu site
was located outside of the Ala Wai canal on O‘ahu with stations at depths of 3m and 10m.
The second site was established on Maui adjacent to Mahinahina also with stations at depths
of 3m and 10m. Fish and benthic transects were conducted utilizing the standard CRAMP
protocols (see Brown et al. 2004; Jokiel et al. 2004).
5.1 Site Locations
The Ala Wai site is situated west of the canal entrance and south of Magic Island on
O‘ahu at depths of 3m and 10m (Fig. 5-1). The stations are situated approximately midway on
a spur and groove reef that stretches westward to Honolulu harbor (Coyne et al. 2003). The
Mahinahina site on Maui is at the northernmost section of a discontinuous fringing reef tract
extending from Kahekili (Fig. 5-2). Continuing northward to Kapalua point there is little
living reef except at Alaeloa and Kapalua Bay (Coyne et al. 2003). This site was established
in partnership with the USGS coral reef project examining the effects of wave forces and
sediment on the spatial distribution of reef corals. Summary station information is listed in
Table 5-1.
Table 5-1. Summary station information.
Island
Oahu
Oahu
Maui
Maui

Site
Ala Wai
Ala Wai
Mahinahina
Mahinahina

Depth
(m)
3
10
3
10

Latitude
21.16.868
21.16.786
20.57.436
20.57.461

Longitude
157.50.775
157.50.825
156.41.252
156.41.336

Installed
Date
11/30/2003
11/30/2003
1/28/2004
1/28/2004

Surveyed
Date
12/4/2003
12/4/2003
1/30/2004
1/30/2004

5.2 Benthic Results
Total coral cover was higher at both of the Mahinahina stations compared to the Ala
Wai stations (Fig. 5-5, Table 5-2). The 10m stations at each of the respective sites averaged
higher coral cover than the 3m stations. In comparison to the other CRAMP stations, the
Mahinahina 10m station ranked 11th in initial coral cover followed by Mahinahina 3m (33rd),
Ala Wai 10m (46th), and Ala Wai 3m (56th) (Table 5-2).
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Fig. 5-1. Location of new Mahinahina site relative to existing CRAMP sites on Maui at Kahekili and Honolua
Bay.

Fig. 5-2. Location of new Mahinahina site relative to existing CRAMP sites on Maui at Kahekili and Honolua
Bay.
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Fig. 5.3. The new Ala Moana monitoring site is located off the tip of the peninsula in the center of the
photograph. This is an “urban reef”.

Fig. 5.4. The new Mahinahina (West Maui) CRAMP monitoring site is located offshore a few hundred yards
down the coast in an area experiencing heavy sedimentation during major rain storms. This reef is a major
tourist destination.
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Fig. 5-6. Species percent cover at the Mahinahina (MaMah) and Ala Wai (OaAla) sites. Station depths are given
at the end of the site codes. (Mean ± 1SE, N = 10).

Table 5-2. Percent coral cover at each of the new CRAMP stations and ranking in initial coral cover relative to
the other 60 stations throughout the state.
Depth
Island

Site

Oahu
Oahu
Maui
Maui

Ala Wai
Ala Wai
Mahinahina
Mahinahina

(m)
3
10
3
10

Mean

SE

Rank

6.9
10.8
18.4
43.2

1.0
2.4
5.0
3.8

56
46
33
11

5.3 Reef Fish Results
The shallow 3m stations had lower species richness and diversity compared to the
deep 10m station within a site (Table 5-3). In contrast, biomass was higher at the 3m stations
compared to the 10m stations within a site. Abundance (number) was higher at the 3m Ala
Wai station than the 10m station but the pattern was reversed at Mahinahina, Comparing
between sites at the respective depths, the Ala Wai stations had higher fish species richness
and abundance but lower biomass and diversity than the Mahinahina stations (Table 5-3, Fig.
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5-6 and 5-7). The lower fish biomass at Oahu stations compared to Maui is consistent with the
statewide pattern of open access areas reported by Friedlander et al. (2003).
Table 5-3. Comparison of fish assemblage variables at the Mahinahina (MaMah) and Ala Wai (OaAla) sites.
Values are mean number per transect (125m-2) except for biomass which is reported in tons per hectare (t ha-1).

Island
Oahu
Oahu
Maui
Maui

Site
Ala Wai
Ala Wai
Mahinahina
Mahinahina

Depth
(m)

Species
Richness
3
10
3
10

Number
(# 125m-2)
12.0
14.8
10.8
13.3

Biomass
(t ha-1)
88.0
73.5
52.5
63.8

0.26
0.23
0.38
0.26

Diversity
(H')
1.44
1.94
1.82
2.08

75

Number (# 125m

-2

)

100

50

25

0
MaMah03m

OaAla03m

MaMah10m

OaAla10m

Site
Fig. 5-7. Fish abundance (# 125m2) at the Mahinahina (MaMah) and Ala Wai (OaAla) sites. Station depths are
given at the end of the site codes. (Mean ± 1SE, N = 4).
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Fig.5-8. Fish biomass (t ha-1) at the Mahinahina (MaMah) and Ala Wai (OaAla) sites. Station depths are given at
the end of the site codes. (Mean ± 1SE, N = 4).
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6.0 Data summaries
This section contains data summaries for each of the CRAMP sites that fall into the various
segments.

CRAMP site
6.1 Mokuoloe CRAMP site
6.2 Heeia CRAMP site
6.3.Kaalaea CRAMP site
6.4 Kamalo CRAMP site
6.5 Kamiloloa CRAMP site
6.6 Palaau CRAMP site
6.7 Kahekili CRAMP site
6.8 Honolua CRAMP site

Segment
1.1 South Kāne‘ohe Bay Segment
1.2 Central Kāne‘ohe Bay Segment
1.3 North Kāne‘ohe Bay Segment
2.1 Kamalo Segment
2.2 Kamiloloa Segment
2.5 Palaau Segment
4.1 Kahekili Segment
4.5 Honolua Segment
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6.1 Moku o Loe, Oahu

21o 26.884’ N

157o 48.548’ W

Management Status: Coconut Island Hawaii
Marine Laboratory Refuge
Area Description: Patch reef with island
development. Sand and seawall shoreline. Coral
and sand carbonate reef flat exposed at lowest
tides. Sites on windward carbonate reef slope.
High coral and macro-algae (Dictyosphaerea
cavernosa) cover at shallow depths. Deep zone
characterized by sediment with low coral cover
colonized by slumping from upper reef zone.
Northeast exposure sheltered within Kaneohe
Bay. Historical impacts include dredging,
long-term sewage release and freshwater
flooding. Major coastal development along bay

shores.

Benthic Habitat Data: 2 m

Mean
S.D.

Depth (m)

Rugosity

2

2.25
0.57

Sediment
Composition (% wt.)
LOI
H2CO3
9.92
0.23

69.50
0.26

Sediment Grain Size
(% wt.)
Gravel
Coarse
Fine
22.23
1.83

11.76
2.80

24.78
0.23

Video Transect data (2 m)
% Cover: 1999
2000
2001 99-00 00-01 99-01
Species
Mean SD Mean SD Mean SD Diff. Diff. Diff.
0
0
0
0
0
0
Cyphastrea ocellina
0
0
0
0
0
0
Fungia scutaria
0
0
0
0
0
0
Leptastrea purpurea
0
0
0
0
0
0
Montipora flabellata
0
0
0
0
0
0
Montipora patula
0
0
0
0
0
0
Montipora studeri
21.8 12.1 14.1 11.4 11.6 8.4 -7.7 -2.5 -10.2
Montipora capitata
0
0
0
0
0
0
Pavona duerdeni
0
0
0
0
0
0
Pavona maldivensis
0
0
0
0
0
0
Pavona varians
0.0
0
0
0
0 0.0 0.0 0.0 0.0
Pocillopora damicornis
0
0
0
0
0
0
Pocillopora eydouxi
0
0
0
0
0
0
Pocillopora ligulata
0
0
0
0
0
0
Pocillopora meandrina
0
0
0
0
0
0
Porites brighami
-4.8
9.2 6.3 6.3 4.7 4.4 4.7 -2.9 -1.9
Porites compressa
0
0
0
0
0
0
Porites evermanni
0
0
0
0
0
0
Porites lichen
0
0
0
0
0
0
Porites lobata
0
0
0
0
0
0
Porites rus
0
0
0
0
0
0
Psammocora nierstraszi
Unknown Coral
0
0
0
0
0
0
Total Coral
30.9 13.5 20.4 11.7 16.0 11.1 -10.5 -4.4 -14.9
Species Richness:
2
2
3
0
1
1
Species Diversity:
0.61
0.59
0.60
-0.02 -0.01 -0.01
-9.5
Macroalgae
42.1 9.7 43.5 18.2 32.6 21.8 1.4 -10.9

Silt
41.24
1.20
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Moku o Loe, Oahu
Photoquadrat Data (2 m): Photo analysis pending
Findings: Initial coral cover rank is 18 among 60
reefs. Coral cover has declined significantly over
the 3 sampling periods. High percentage of
macroalgae (Dictyosphaeria cavernosa) and
filter feeding macroinvertebrates (e.g.
Sabellastarte sanctijosephi). Moderate
percentage of crustose coralline algae and turf
algae. High percentage of fine sediments with
moderate content of terrigenous material. No
rare or unusual species observed.

Benthic Habitat: 9 m

Mean
S.D.

Depth (m)
9

Rugosity
1.35
0.18

Sediment
Composition (% wt.)
LOI
H2CO3
7.35
78.06
0.33
0.95

Gravel
25.29
1.23

Sediment Grain Size
(% wt.)
Coarse
Fine
23.90
19.14
20.67
6.65

Video Transect data (9 m):
% Cover: 1999
2000
2001 99-00 00-01 99-01
Species
Mean SD Mean SD Mean SD Diff. Diff. Diff.
0 0
0 0
0 0
Cyphastrea ocellina
0 0
0 0
0 0
Fungia scutaria
0 0
0 0
0 0
Leptastrea purpurea
0 0
0 0
0 0
Montipora flabellata
0.0
0.0 0.1
0 0
0 0 0.0 0.0
Montipora patula
0 0
0 0
0 0
Montipora studeri
7.3 5.2
6.3 4.2
5.7 5.8 -1.0 -0.6 -1.6
Montipora capitata
0 0
0 0
0 0
Pavona duerdeni
0 0
0 0
0 0
Pavona maldivensis
0 0
0 0
0 0
Pavona varians
0.1 0.2
0 0
0 0 -0.1 0.0 -0.1
Pocillopora damicornis
0 0
0 0
0 0
Pocillopora eydouxi
0 0
0 0
0 0
Pocillopora ligulata
0 0
0 0
0 0
Pocillopora meandrina
0 0
0 0
0 0
Porites brighami
0.1
0.2 0.4
0.2 0.2
0.3 0.9 0.0 0.1
Porites compressa
0 0
0 0
0 0
Porites evermanni
0 0
0 0
0 0
Porites lichen
0 0
0 0
0 0
Porites lobata
0 0
0 0
0 0
Porites rus
0 0
0 0
0 0
Psammocora nierstraszi
0.0
Unknown Coral
0 0
0.0 0.1
0 0 0.0 0.0
Total Coral
7.7 5.4
6.5 4.1
6.1 6.6 -1.2 -0.4 -1.6
Species Richness:
4
3
2
-1
-1
-2
Species Diversity:
0.24
0.14
0.20
-0.10 0.6 -0.04
Macroalgae
2.0 2.2
0.8 1.2
0.4 0.6 -1.2 -0.4 -1.6

Silt
31.68
15.25
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Moku o Loe, Oahu
Photoquadrat Data (9 m): Photo analysis pending
Findings: Initial coral cover rank is 51 among 60
reefs. Coral cover has stayed roughly the same
over the 3 sampling periods. Low percentage
cover of macroalgae. Low percentage cover of
crustose coralline algae and turf algae. High
percentage of fine sediments with low content of
terrigenous material. No rare or unusual species
observed.

Fish Data: 2 m and 9 m

Species
Abudefduf abdominalis
Abudefduf sordidus
Acanthurus blochii
Acanthurus dussumieri
Acanthurus leucopareius
Acanthurus xanthopterus
Arothron hispidus
Bodianus bilunulatus
Chaetodon auriga
Chaetodon lunula
Chaetodon lunulatus
Chaetodon miliaris
Chaetodon multicinctus
Chaetodon trifascialis
Chaetodon unimaculatus
Chlorurus perspicillatus
Chlorurus sordidus
Ctenochaetus strigosus
Dascyllus albisella
Fistularia commersonii
Foa brachygramma
Gomphosus varius
Macropharyngodon geoffroyi
Naso unicornis
Parupeneus multifasciatus
Scarus

Density (#/125m²)
2m
9m
Mean SD
Mean SD

Biomass (g/125m²)
2m
9m
Mean SD
Mean SD

132.5
8.5

61.0
3.0

3.0

3.8

5510.7
998.6

1341.7
429.6

209.3

267.2

14.5

7.5

1.5

3.0

446.2

280.7

49.9

99.8

0.5

1.0

4.9

9.9

0.5
12.0

1.0
11.3

29.1
590.5

58.3
524.1

1089.9
114.3
261.4

774.3
228.6
313.2

1.5
1.0
4.5
3.0
0.5
0.5
2.0
14.5
90.0
23.0
63.5
1.5

1.0
1.2
1.9
1.2
1.0
1.0
2.8
13.1
29.7
11.4
22.8
1.9

150.2
39.5
254.3
160.5
14.6
17.4
187.4
7201.3
6975.0
1964.2
1647.1
157.4

100.1
46.3
73.2
62.2
29.3
34.9
265.1
7913.7
558.6
1148.2
577.0
240.7

922.7
373.3
106.1
828.2

1845.4
457.4
70.7
567.7

0.2

0.4

5.5
0.5

3.4
1.0

172.2
24.7

122.0
49.4

1.5
297.0

3.0
91.1

294.3
7423.5

588.5
1681.2

96.8
323.8
1377.6

193.5
647.6
2755.2

16.5
1.0
1.0

12.6
2.0
1.2

0.5
5.5
1.5
23.0

1.0
5.5
1.0
18.0

0.5

1.0

0.5
6.5
48.0

1.0
13.0
96.0
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Moku o Loe, Oahu
Fish Data: 2 m and 9 m
Species

Density (#/125m²)
2m
Mean SD
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Biomass (g/125m²)

9m
Mean SD

Scarus dubius
Scarus psittacus
Stegastes fasciolatus
Stethojulis balteata
Thalassoma ballieui
Thalassoma duperrey
Thalassoma trilobatum
Zanclus cornutus
Zebrasoma flavescens
Zebrasoma veliferum

2.0
1.5
2.5
5.0
0.5
65.0
0.5
6.0
8.5
3.5

0.0
1.0
3.0
4.2
1.0
17.6
1.0
5.9
5.0
1.9

0.5
5.0

1.0
10.0

5.0

4.8

1.0

Total/Depth Avg ± SD:
Species Richness
Species Diversity

773.0
31
2.01

10.1

121.0
18
1.34

2m
Mean SD

9m
Mean SD

78.3
20.9
63.3
2442.4
2442.5
2016.9
84.1
691.9
484.2
211.1

49.6
282.7

99.2
565.3

318.7

335.5

1.2

81.0
31.4
50.8
1282.9
1221.2
2585.2
42.0
622.6
741.0
361.3

91.6

124.2

9.8

41278.5

795.5

6501.0

519.7

Findings: Among 60 reefs, Moku o Loe 2m ranked 13 in species richness, 2 in density, 4 in biomass, and
40 in diversity. Moku o Loe 9m ranked 59 in species richness, 47 in density, 45 in biomass, and 59 in
diversity. The most abundant species were the juvenile Scarids (Scarus spp.) at both the 2m and 9m
reefs respectively. The species with the highest biomass were the juvenile Scarids (Scarus spp.) at both
the 2m and 9m reefs respectively. Foa brachygramma presence is notable as this species is not common
to sites surveyed.
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6.2 Heeia, Oahu
21o 26.884’ N

157o 48.548’ W

Management Status: Open access
Area Description: Patch reef at entrance of
Heeia Harbor in central Kaneohe Bay. Coral
and sand carbonate reef flat exposed at lowest
tides. Sites on windward carbonate reef slope.
High coral and macro-algae (Dictyosphaerea
cavernosa) cover at shallow depths. Deep zone
characterized by sediment with low coral cover
colonized by slumping from upper reef zone.
Northeast exposure sheltered within Kaneohe
Bay. Historical impacts include long-term
sewage release, freshwater flooding, dredging.
Major coastal development along bay shores.

Benthic Habitat Data: 2 m

Mean
S.D.

Depth (m)

Rugosity

2

2.31
0.31

Sediment
Composition (% wt.)
LOI
H2CO3
14.09
0.10

55.72
0.33

Sediment Grain Size
(% wt.)
Gravel
Coarse
Fine
13.41
2.67

10.66
8.44

20.39
8.13

Video Transect data (2 m):
% Cover: 1999
2000
2001 99-00 00-01 99-01
Species
Mean SD Mean SD Mean SD Diff. Diff. Diff.
0
0
0
0
0
0
Cyphastrea ocellina
0
0
0
0
0
0
Fungia scutaria
0
0
0
0
0
0
Leptastrea purpurea
0
0
0
0
0
0
Montipora flabellata
0
0
0
0
0
0
Montipora patula
0
0
0
0
0
0
Montipora studeri
0.6
1.8 1.5 1.2 1.2 2.4 3.1 -0.6 1.2
Montipora capitata
0
0
0
0
0
0
Pavona duerdeni
0
0
0
0
0
0
Pavona maldivensis
-0.1
0.1 0.1 0.1 0.1
0
0 0.0 -0.1
Pavona varians
-0.1
0.1 0.2
0
0
0
0 -0.1 0.0
Pocillopora damicornis
0
0
0
0
0
0
Pocillopora eydouxi
0
0
0
0
0
0
Pocillopora ligulata
0
0
0
0
0
0
Pocillopora meandrina
0
0
0
0
0
0
Porites brighami
34.5 16.8 21.5 11.7 15.6 13.4 -13.0 -5.9 -18.9
Porites compressa
0
0
0
0
0
0
Porites evermanni
0
0
0
0
0
0
Porites lichen
0
0
0
0
0
0
Porites lobata
0
0
0
0
0
0
Porites rus
0
0
0
0
0
0
Psammocora nierstraszi
0.0
Unknown Coral
0
0 0.0 0.0
0
0 0.0 0.0
Total Coral
36.3 16.0 22.7 11.5 18.0 13.3 -13.6 -4.7 -18.0
Species Richness:
4
4
2
0
-2
-2
Species Diversity:
0.21
0.23
0.39
0.02 0.16 0.18
Macroalgae
38.9 18.4 51.5 17.0 53.4 21.7 12.6 1.9 14.5

Silt
55.54
19.24
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Heeia, Oahu
Photoquadrat Data (2 m): Photo analysis pending
Findings: Initial coral cover rank is 13 among 60
reefs. Coral cover has declined significantly over
the 3 sampling periods. High percentage of
macroalgae (Dictyosphaeria cavernosa) and
filter
feeding
macroinvertebrates
(e.g.
Sabellastarte
sanctijosephi).
Moderate
percentage of crustose coralline algae and turf
algae. High percentage of fine sediments with
high content of terrigenous material. No rare or
unusual species observed.

Benthic Habitat: 8 m

Mean
S.D.

Depth (m)
8

Rugosity
1.64
0.23

Sediment
Composition (% wt.)
LOI
H2CO3
14.55
38.95
0.73
8.32

Gravel
11.26
4.38

Sediment Grain Size
(% wt.)
Coarse
Fine
5.14
23.70
2.74
10.16

Video Transect data (8 m):
% Cover: 1999
2000
2001 99-00 00-01 99-01
Species
Mean SD Mean SD Mean SD Diff. Diff. Diff.
0 0
0 0
0 0
Cyphastrea ocellina
0 0
0 0
0 0
Fungia scutaria
0 0
0 0
0 0
Leptastrea purpurea
0 0
0 0
0 0
Montipora flabellata
0 0
0 0
0 0
Montipora patula
0 0
0 0
0 0
Montipora studeri
0.1
0.4
2.6 2.0
2.9 2.1
3.0 2.8 0.3
Montipora capitata
0 0
0 0
0 0
Pavona duerdeni
0 0
0 0
0 0
Pavona maldivensis
0.0
-0.1
0.1 0.2
0 0
0 0 -0.1
Pavona varians
0.0
-0.2
0.2 0.3
0.0 0.0
0.0 0.1 -0.2
Pocillopora damicornis
0 0
0 0
0 0
Pocillopora eydouxi
0 0
0 0
0 0
Pocillopora ligulata
0 0
0 0
0 0
Pocillopora meandrina
0 0
0 0
0 0
Porites brighami
-0.9
4.9 4.3
4.3 2.8
4.0 4.6 -0.6 -0.3
Porites compressa
0 0
0 0
0 0
Porites evermanni
0 0
0 0
0 0
Porites lichen
0 0
0 0
0 0
Porites lobata
0 0
0 0
0 0
Porites rus
0 0
0 0
0 0
Psammocora nierstraszi
0.0
Unknown Coral
0 0
0.2 0.5
0 0 0.2 -0.2
Total Coral
7.8 5.9
7.5 4.5
7.0 4.9 -0.3 -0.5
-0.8
Species Richness:
4
4
3
0
-1
-1
Species Diversity:
0.80
0.80
0.70
0.00 -0.10 -0.10
1.3
1.4
Macroalgae
1.0 2.0
1.1 1.3
2.4 4.5 0.1

Silt
59.90
17.28
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Heeia, Oahu
Photoquadrat Data (8 m): Photo analysis pending
Findings: Initial coral cover rank is 49 among 60
reefs. Coral cover has stayed roughly the same
over the 3 sampling periods. Low percentage
macroalgae cover. Low percentage of crustose
coralline algae and turf algae. High percentage
of fine sediments with high content of
terrigenous material. No rare or unusual species
observed.

Fish Data: 2 m and 8 m

Species
Abudefduf abdominalis
Abudefduf sordidus
Acanthurus blochii
Acanthurus dussumieri
Acanthurus leucopareius
Acanthurus triostegus
Acanthurus xanthopterus
Aulostomus chinensis
Bodianus bilunulatus
Caranx melampygus
Chaetodon auriga
Chaetodon lunula
Chaetodon lunulatus
Chaetodon miliaris
Chlorurus perspicillatus
Chlorurus sordidus
Chromis hanui
Ctenochaetus strigosus
Dascyllus albisella
Gomphosus varius
Labroides phthirophagus
Lutjanus fulvus
Mulloidichthys flavolineatus
Oxycheilinus unifasciatus
Parupeneus porphyreus
Parupeneus multifasciatus

Density (#/125m²)
2m
8m
Mean SD
Mean SD

Biomass (g/125m²)
2m
8m
Mean SD
Mean SD

280.5
0.5
12.0

37.3
1.0
9.1

17.0

17.4

5.5

7.5

19571 2599.2
34.9
69.9
511.3 462.6

3.5
1.0
0.5

3.0
1.2
1.0

3.0

3.8

20.5
5.5

27.8
4.4

2.0
0.5

1.6
1.0
1.5

1.5
1.0
2.0
55.5
19.5
5.5
1.0
16
6.5
4.5
3.0
8.5
12.0
2.5
2.0

3.0
1.2
1.6
41.5
10.0
9.7
1.2
13.3
3.4
2.5
2.6
9.4
11.0
5.0
2.3

135.1
115.9
19.0

94.5
133.8
37.9

59.3
1.9

39.8
3.7

3.0

25.5
5.5

37.7
6.8

0.5
22.0
5.0

1.0
5.4
10.0

5.5
0.5

6.4
1.0

0.5

1.0

1074.9 1100.0
164.8

217.9

122.2

152.6

1098.2 1397.7
209.3 141.8

1171.7 2343.5
85.0 170.1
39.5
46.3
103.7
80.3
3140.3 2611.5
17347
8993
301.7 516.1
2.8
3.4
1049.8 827.9
180.5
92.7
133.1
62.8
9.2
6.7
477.4 529.6
738.8 512.4
119.5
239
416.3 495.9

1218.9 1786.1
1817.3 2315.5

35.4
440.7
84.9

70.7
158.2
169.9

543
49.6

632.1
99.1

47.3

94.7
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Heeia, Oahu
Fish Data: 2 m and 8 m
Species
Pervagor aspricaudus
Plectroglyphidodon johnstonianus
Scarus
Scarus dubius
Stethojulis balteata
Thalassoma ballieui
Thalassoma duperrey
Zanclus cornutus
Zebrasoma flavescens
Zebrasoma veliferum
Total/Depth Avg ± SD:
Species Richness
Species Diversity

Density (#/125m²)
2m
Mean SD
0.5
1.5
360
3
0.5
0.5
85
5.5
10.5
1.0

1.0
1.9
168.9
4.8
1.0
1.0
19.4
4.4
14.4
1.2

909.5
33
1.71

11.8
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Biomass (g/125m²)

8m
Mean SD

180
0.5

127.5
1.0

2.0
30.0

2.3
20.5

330.5
18
1.36

15.8

2m
Mean SD
16.5
33.1
33.3
38.8
11969 5616.4
174.3 235.7
9.3
18.6
39.5
79.1
3292.9 611.3
653 511.8
758.8 870.4
115.6 146.7
61657.4

811.8

8m
Mean SD

7005.6 6168.9
19.1
38.3
165.7
1127.9

191.8
961.3

16396.7 1002.2

Findings: Among 60 reefs, Heeia 2m ranked 18 in species richness, 1 in density, 3 in biomass, and 56 in
diversity. Heeia 8m ranked 56 in species richness, 12 in density, 26 in biomass, and 58 in diversity. The
most abundant species were the juvenile Scarids (Scarus spp.) at both the 2m and 8m reefs respectively.
The species with the highest biomass were the Hawaiian sergeant (Abudefduf abdominalis) and the
juvenile Scarids (Scarus spp.) at the 2m and 9m reefs respectively. No rare or unusual species observe.
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6.3 Kaalaea, Oahu
21o 22.391’ N

157o 49.851’ W

Management Status: Open access
Area Description: Patch reef in central/north
Kaneohe Bay. Coral and sand carbonate reef
flat exposed at lowest tides. Sites on windward
carbonate reef slope. High coral cover at
shallow depths. Deep zone characterized by
sediment with low coral cover colonized by
slumping from upper reef zone. Northeast
exposure, sheltered within Kaneohe Bay.
Historical impacts include long-term sewage
release and freshwater flooding. Major coastal
development along bay shores.

Kaalaea

Benthic Habitat Data: 2 m

Mean
S.D.

Depth (m)

Rugosity

2

1.95
0.21

Sediment
Composition (% wt.)
LOI
H2CO3
17.13
0.46

40.28
1.43

Sediment Grain Size
(% wt.)
Gravel
Coarse
Fine
12.89
4.37

12.43
3.35

43.95
5.48

Video Transect data (2 m):
% Cover: 1999
2000
2001 99-00 00-01 99-01
Species
Mean SD Mean SD Mean SD Diff. Diff. Diff.
0
0
0
0
0
0
Cyphastrea ocellina
0.0
0.0 0.0 0.2 0.3 0.0 0.0 0.2 -0.2
Fungia scutaria
0
0
0
0
0
0
Leptastrea purpurea
0
0
0
0
0
0
Montipora flabellata
-0.1
0.1 0.2
0
0
0
0 -0.1 0.0
Montipora patula
0
0
0
0
0
0
Montipora studeri
1.3
0.3 0.5 1.0 1.2 1.6 2.9 0.7 0.6
Montipora capitata
0
0
0
0
0
0
Pavona duerdeni
0
0
0
0
0
0
Pavona maldivensis
0
0
0
0
0
0
Pavona varians
-0.1
0.1 0.2
0
0 0.0 0.0 -0.1 0.0
Pocillopora damicornis
0
0
0
0
0
0
Pocillopora eydouxi
0
0
0
0
0
0
Pocillopora ligulata
0
0
0
0
0
0
Pocillopora meandrina
0
0
0
0
0
0
Porites brighami
61.7 21.0 49.4 19.7 47.5 23.5 -12.3 -1.9 -14.2
Porites compressa
0
0
0
0
0
0
Porites evermanni
0
0
0
0
0
0
Porites lichen
0
0
0
0
0
0
Porites lobata
0
0
0
0
0
0
Porites rus
0.0
0
0 0.0 0.1
0
0 0.0 -0.0
Psammocora nierstraszi
Unknown Coral
0
0
0
0
0
0
Total Coral
62.2 20.8 50.7 19.6 49.1 22.6 -11.5 -1.6 -13.1
Species Richness:
5
4
4
-1
0
-1
Species Diversity:
0.05
0.12
0.15
0.07 0.03
0.10
-1.2
Macroalgae
3.4 3.3 12.6 24.0 2.2 4.7 9.2 -10.4

Silt
30.73
4.46
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Kaalaea, Oahu
Photoquadrat Data (2m): Photo analysis pending
Findings: Initial coral cover rank is 6 among 60
reefs. Coral cover has declined significantly over
the 3 sampling periods. Low percentage of
macroalgae
(Dictyosphaeria
cavernosa).
Moderate percentage of crustose coralline algae
and turf algae. High percentage of fine
sediments with high content of terrigenous
material. Psammocora nierstraszi presence
notable as this species is not common to sites
surveyed.

Benthic Habitat: 8 m

Mean
S.D.

Depth (m)
8

Rugosity
1.36
0.10

Sediment
Composition (% wt.)
LOI
H2CO3
14.15
48.24
0.26
1.03

Gravel
3.83
1.85

Sediment Grain Size
(% wt.)
Coarse
Fine
5.13
27.98
2.33
7.14

Video Transect data (8 m):
% Cover: 1999
2000
2001 99-00 00-01 99-01
Species
Mean SD Mean SD Mean SD Diff. Diff. Diff.
0 0
0 0
0 0
Cyphastrea ocellina
0 0
0 0
0 0
Fungia scutaria
0 0
0 0
0 0
Leptastrea purpurea
0 0
0 0
0 0
Montipora flabellata
0 0
0 0
0 0
Montipora patula
0 0
0 0
0 0
Montipora studeri
0.8
1.8 2.9
2.1 4.1
2.6 3.9 0.3 0.5
Montipora capitata
0 0
0 0
0 0
Pavona duerdeni
0 0
0 0
0 0
Pavona maldivensis
0.0
0.0 0.1
0 0
0 0 0.0 0.0
Pavona varians
-0.0
0.0 0.1
0 0
0.0 0.0 0.0 -0.0
Pocillopora damicornis
0 0
0 0
0 0
Pocillopora eydouxi
0 0
0 0
0 0
Pocillopora ligulata
0 0
0 0
0 0
Pocillopora meandrina
0 0
0 0
0 0
Porites brighami
0.8
0.8 0.8
0.2 0.6
1.6 3.2 -0.6 1.4
Porites compressa
0 0
0 0
0 0
Porites evermanni
0 0
0 0
0 0
Porites lichen
0.0
0.0 0.0
0 0
0 0 0.0 0.0
Porites lobata
0 0
0 0
0 0
Porites rus
0 0
0 0
0 0
Psammocora nierstraszi
Unknown Coral
0 0
0 0
0 0
Total Coral
2.6 3.2
2.3 4.1
4.3 4.8 -0.3 2.0
1.7
Species Richness:
5
2
3
-3
1
-2
Species Diversity:
0.71
0.29
0.68
-0.42 0.39 -0.03
-0.2
Macroalgae
0.2 0.5
0 0
0 0 -0.2 0.0

Silt
63.06
9.02
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Kaalaea, Oahu
Findings: Initial coral cover rank is 58
among 60 reefs. Coral cover has
stayed roughly the same over the 3
sampling periods. Low percentage of
macroalgae cover. Low percentage of
crustose coralline algae and turf
algae. High percentage of fine
sediments with high content of
terrigenous material. No rare or
unusual species observed.
Photoquadrat Data (8 m): Photo analysis pending
:

Fish Data: 2 m and 8 m

Species
Abudefduf abdominalis
Acanthurus blochii
Acanthurus triostegus
Acanthurus xanthopterus
Aulostomus chinensis
Bodianus bilunulatus
Centropyge potteri
Chaetodon lunulatus
Chaetodon miliaris
Chlorurus sordidus
Chromis ovalis
Ctenochaetus strigosus
Dascyllus albisella
Diodon hystrix
Foa brachygramma
Forcipiger flavissimus
Gobiidae species
Gomphosus varius
Labroides phthirophagus
Lutjanus fulvus
Oxycheilinus bimaculatus
Parupeneus multifasciatus
Parupeneus porphyreus
Pervagor spilosoma
Plectroglyphidodon johnstonianus
Scarus
Scarus psittacus

Density (#/125m²)
2m
8m
Mean SD
Mean SD
68.0
1.5
67.5
7.0
0.5

39.2
1.0
49.9
6.2
1.0

0.5
2.0
6.5
15.0
23.5
16.0
6.5
0.5

1.0
1.6
7.7
17.3
19.9
4.3
9.1
1.0

1.0

2.0

4.0
4.5
0.5

5.4
1.9
1.0

5.5
1.0

7.5
2.0

1.0
126.0
1.5

1.2
188.4
1.9

15.0 30.0
6.0
8.5
0.5

1.0

1.0
8.5

2.0
3.0

0.5
1.5

1.0
3.0

1.0

1.2

0.5

Biomass (g/125m²)
2m
8m
Mean SD
Mean SD
4164.2
32.5
3789.4
296.3
11.0

2470.6
21.7
2657.9
251.5
22.0

20.1
124.8
314.8
1029.2
158.5
1134.7
108.3
211.6

40.3
103.7
362.1
1204.2
150.3
506.3
134.8
423.1

42.0

84.0

101.8
16.1
25.7

153.9
6.9
51.5

255.0
186.7

397.9
373.5

27.8
6236.7
57.4

38.2
9444.1
73.3

1.0

0.5
0.5

1.0
1.0

1.0

1.2

750.3
334.9

1500.5
473.0

25.9

51.8

37.3
362.7

74.5
150.6

27.5
20.4

55.1
40.8

0.4

0.5

0.4

0.8

1.8
39.6

3.6
79.2

38.4

48.8
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Kaalaea, Oahu
Fish Data: 2 m and 8 m
Species
Scarus rubroviolaceus
Stethojulis balteata
Thalassoma ballieui
Thalassoma duperrey
Zanclus cornutus
Zebrasoma flavescens
Zebrasoma veliferum
Total/Depth ± Avg ± SD:
Species Richness
Species Diversity

Density (#/125m²)
2m
Mean SD
0.5
3.0
1.0
19.0
1.5
11.5
0.5

1.0
6.0
1.2
14.7
1.9
10.4
1.0

397.0
29
1.99

14.0

Biomass (g/125m²)

8m
Mean SD

2m
Mean SD

8m
Mean SD

144.1
150.4
62.6
225.1
213.4
755.7
201.6

110.6

203.0

714.7

1750.2

206.3

2.5

3.8

72.1
75.2
49.4
565.5
179.9
836.0
100.8

39.0
13
1.25

4.4

20223.6

Findings: Among 60 reefs, Kaalaea 2m ranked 35 in species richness, 6 in density, 18 in biomass, and 45
in diversity. Kaalaea 8m ranked 60 in species richness, 59 in density, 59 in biomass, and 60 in diversity.
The most abundant species were the juvenile Scarids (Scarus spp.) and the Convict tangs (Acanthurus
triostegus) at the 2m and 8m reefs respectively. The species with the highest biomass were the juvenile
Scarids (Scarus spp.) and the Convict tangs (Acanthurus triostegus) at the 2m and 8m reefs respectively.
Foa brachygramma presence notable as this species is not common to sites surveyed.
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6.4 Kamalo, Molokai
21o 02.496’ N

156o 53.837’ W

Management Status: Open access
Wide coastal plain with
Area Description:
muddy sand beach shoreline. Residential area.
Inner reef flat silty sand. Outer flat deeper with
coarser sediments, increasing in coral cover
near the outer margin. Reef slope shows good
coral cover. "Blue holes" unique area features
lie to the east of Kamalo. Eastern (upwind) "blue
hole" vertical faces high coral cover with low
cover on the western (wave impacted) edge.
Kamalo Harbor built before the 1860's and once
a major island harbor facility. Kamalo wharf and
harbor currently used only by local residents.

Southern exposure, sheltered. Reef regenerated
from previous dredging and sedimentation.

Benthic Habitat Data: 3 m

Depth (m)

Rugosity

3

2.34
0.26

Mean
S.D.

Sediment
Composition (% wt.)
LOI
H2CO3
2.07
0.25

96.49
0.64

Sediment Grain Size
(% wt.)
Gravel
Coarse
Fine
67.25
5.09

14.62
3.12

13.98
1.96

Silt
4.15
0.02

Video Transect data (3 m):
% Cover: 2000
2001
Species
Mean SD Mean SD Diff.
0
0
0 0
Cyphastrea ocellina
0
0
0 0
Fungia scutaria
0.0 0.0
0 0 -0.0
Leptastrea purpurea
0.8 0.8
0.8 1.1 0.0
Montipora flabellata
9.2 4.1 12.7 4.5 3.5
Montipora patula
0
0
0 0
Montipora studeri

Montipora
capitata
Pavona duerdeni
Pavona maldivensis
Pavona varians
Pocillopora damicornis
Pocillopora eydouxi
Pocillopora ligulata
Pocillopora meandrina
Porites brighami
Porites compressa
Porites evermanni
Porites lichen
Porites lobata
Porites rus
Psammocora nierstraszi
Unknown Coral
Total Coral
Species Richness:
Species Diversity:
Macroalgae

59.5 11.7
0
0
0
0
0
0
0.1 0.2
0.2 0.4
0
0
0.6 0.8
0.1 0.2
1.0 1.6
0
0
0
0
3.0 2.7
0
0
0
0
0.2 0.4
74.6 9.0
11
0.76
0.4 0.5

35.6
0
0
0.1
0.0
0
0
0.8
0
0
0
0
2.3
0
0
0.1
52.4
8
0.90
0

8.0
0
0
0.2
0.1
0
0
0.7
0
0
0
0
2.5
0
0
0.2
8.0

-23.9
0.1
-0.1
-0.2
0.2
-0.1
-1.0
-0.7

-0.1
-22.2
-3
0.14
0.1 -0.4

Photoquadrat Data (3 m): Photo analysis pending
Findings: Initial coral cover rank is 3 among 60
reefs.
However,
coral
cover
declined
significantly (p<0.001) between the 2 sampling
periods, primarily as a result of a drop in
Montipora capitata. Low levels of macroalgae.
High percentage of crustose coralline algae with
low level of turf algae. High percentage of fine
sediments with low content of terrigenous
material. No rare or unusual species observed.
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Kamalo, Molokai
Benthic Habitat: 10 m

Mean
S.D.

Depth (m)
10

Rugosity
2.46
0.26

Sediment
Composition (% wt.)
LOI
H2CO3

Gravel

Sediment Grain Size
(% wt.)
Coarse
Fine

Silt

No sediment located on transect

Video Transect data (10 m):
% Cover: 2000
2001
Species
Mean SD Mean SD
0
0
0 0
Cyphastrea ocellina
0
0
0 0
Fungia scutaria
0
0
0 0
Leptastrea purpurea
0.1 0.2
0.2 0.6
Montipora flabellata
24.3 6.5 28.9 7.1
Montipora patula
0
0
0 0
Montipora studeri
25.2 15.9 18.1 7.1
Montipora capitata
0
0
0 0
Pavona duerdeni
0
0
0.0 0.0
Pavona maldivensis
0.0 0.1
0.2 0.6
Pavona varians
0
0
0 0
Pocillopora damicornis
0
0
0 0
Pocillopora eydouxi
0
0
0 0
Pocillopora ligulata
0.1 0.5
0.1 0.1
Pocillopora meandrina
0.0 0.1
0 0
Porites brighami
25.1 7.2 18.1 6.2
Porites compressa
0
0
0 0
Porites evermanni
0
0
0 0
Porites lichen
0.2 0.4
0.2 0.5
Porites lobata
0
0
0 0
Porites rus
0
0
0 0
Psammocora nierstraszi
Unknown Coral
0
0
0.3 0.2
Total Coral
75.2 6.8 66.1 5.5
Species Richness:
8
9
Species Diversity:
1.14
1.16
Macroalgae
0.1 0.1
0.3 0.5

Diff.

0.1
4.6
-7.1
0.0
0.2

0.0
0.0
-7.0

0.0
0.3
-9.1
1
0.02
0.2

Photoquadrat Data (10 m): Photo analysis pending
Findings: Initial coral cover rank is 2 among 60
reefs.
However,
coral
cover
declined
significantly (p<0.001) between the 2 sampling
periods, primarily as a result of a drop in
Montipora capitata and Porites compressa. Low
level of macroalgae. High percentage of
crustose coralline algae and low turf algae.
Sediment input presumed low. Pavona
maldivensis presence notable as this species is
not common to sites surveyed.
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Kamalo, Molokai
Fish Data: 3 m and 10 m
Species
Abudefduf abdominalis
Acanthurus nigrofuscus
Acanthurus triostegus
Aprion virescens
Canthigaster jactator
Centropyge potteri
Chaetodon lunula
Chaetodon multicinctus
Chlorurus perspicillatus
Chlorurus sordidus
Chromis agilis
Chromis hanui
Chromis ovalis
Chromis vanderbilti
Cirrhitops fasciatus
Cirripectes vanderbilti
Ctenochaetus strigosus
Exallias brevis
Forcipiger flavissimus
Gomphosus varius
Gymnothorax meleagris
Halichoeres ornatissimus
Labroides phthirophagus
Melichthys niger
Melichthys vidua
Naso lituratus
Oxycheilinus unifasciatus
Pervagor aspricaudus
Plectroglyphidodon johnstonianus
Pseudocheilinus octotaenia
Pseudocheilinus tetrataenia
Scarus psittacus
Scarus rubroviolaceus
Stegastes fasciolatus
Stethojulis balteata
Thalassoma ballieui
Thalassoma duperrey
Zanclus cornutus
Zebrasoma flavescens
Total/Depth Avg ± SD:
Species Richness
Species Diversity

Density (#/125m²)
3m
Mean SD
7.5 11.4
41.0 26.1
2.0
4.0

Biomass (g/125m²)

10 m
Mean SD
38.5 2.5

3m
Mean
411.3
1371.8
183.5

1.5 1.9
3.5

3.0

21.2
3.0 2.6

2.0

2.3

153.1
7.5 5.3

1.0
34.5

1.2
22.9

1.5
13.5
1.0
0.5
7.5
2.0

3.0
27.0
1.2
1.0
5.3
2.8

0.5
7.0

1.0
3.5

1.0
0.5
2.5
0.5
1.0
2.5

2.0
1.0
3.0
1.0
1.2
3.0

8.0

5.2

1.5
2.5
0.5
33.5
1.0
0.5
20.5
0.5

1.9
5.0
1.0
4.4
1.2
1.0
8.1
1.0

201.5
30
2.22

5.2

23.0 5.3
1.5 1.0
8.0 6.3

36.0 5.9
1.5 1.9
0.5 1.0
0.5 1.0

0.5
2.0
1.0
1.0
10.0
1.0
0.5
4.0
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1.0
2.3
1.2
2.0
3.3
2.0
1.0
8.0

3.5 1.0
1.0 1.2
15.0 5.8
0.5 1.0
161.5 2.8
23
2.13

166.6
4515.8
6.7
108.5
4.6
7.6
31.4
127.2
6.5
75.7
12.1
2.2
591.7
166.9
73.6
236.3
62.8
10.5
79.9
72.1
595.6
17.1
32.6
453.2
63.1
9660.9

10 m
SD
Mean SD
652.1
810.8 1207.9 161.2
367.1
1350.9 2011.0
20.2
88.3
65.5
204.5
210.0 149.0
221.5
4863.9 1404.2 856.9
13.3
9.6
13.3
30.1
25.6
216.9
5.4
15.2
23.0
188.2 1553.3 181.2
32.0
42.9
12.9
55.5
10.6
21.1
89.4 178.7
24.2
4.4
702.1
333.8 147.2 294.3
85.8 124.2 144.4
272.9
13.5
15.6
17.2
34.5
33.7 101.1
37.3
13.9
27.7
14.1
3.0
6.0
159.9
65.1 130.2
144.1
131.2
81.6
18.8
23.7
65.2
80.0
95.5
241.3 210.9 106.3
126.2
32.1
64.2
334.4 6879.9 203.4

Findings: Among 60 reefs, Kamalo 3m ranked 44 in species richness, 33 in density, 37 in biomass, and
29 in diversity. Kamalo 10m ranked 50 in species richness, 41 in density, 44 in biomass, and 38 in
diversity. The most abundant species was the Brown surgeonfish (Acanthurus nigrofuscus) at both the
3m and 10m reefs respectively. The species with the highest biomass were the Bullethead parrotfish
(Chlorurus sordidus) and the Goldring surgeonfish (Ctenochaetus strigosus) at the 3m and 10m reefs
respectively. No rare or unusual species observed.
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6.5 Kamiloloa, Molokai
21o 04.179’ N

157o 00.014’ W

Management Status: Open access
Area Description: Shoreline urbanized. Well
developed fringing reef with extensive reef flat
and ancient Hawaiian fish ponds. Sand/mud
beach grades into fine mud subtidal area near
shore. Abundant macroalgae and sea grass.
Seaward, water deepens and corals increase in
abundance. Low ridges of carbonate material
aligned perpendicular to shore with muddy
sand/gravel channels. Available hard substratum
has low coral coverage and large amounts of
algae. Gently sloping reef beyond breaker zone
appears severely impacted by sedimentation.

Coral coverage very low on hard substratum to
depths in excess of 40 feet. Southern exposure,
sheltered. Sedimentation and eutrophication
potential impacts.

Benthic Habitat Data: 3 m

Mean
S.D.

Depth (m)

Rugosity

3

1.33
0.07

Sediment
Composition (% wt.)
LOI
H2CO3
2.97
0.12

88.80
8.53

Sediment Grain Size
(% wt.)
Gravel
Coarse
Fine
11.63
6.85

54.11
12.04

33.68
5.09

Silt
0.57
0.09

Video Transect data (3 m):
% Cover: 2000
2001
Species
Mean SD Mean SD
0 0
0 0
Cyphastrea ocellina
0 0
0 0
Fungia scutaria
0.0 0.0
0 0
Leptastrea purpurea
0 0
0 0
Montipora flabellata
0 0
0 0
Montipora patula
0 0
0 0
Montipora studeri
0 0
0.0 0.1
Montipora capitata
0 0
0 0
Pavona duerdeni
0 0
0 0
Pavona maldivensis
0 0
0 0
Pavona varians
0.1 0.1
0.0 0.0
Pocillopora damicornis
0 0
0 0
Pocillopora eydouxi
0 0
0 0
Pocillopora ligulata
3.5 1.7
4.0 2.3
Pocillopora meandrina
0.0 0.1
0 0
Porites brighami
0 0
0 0
Porites compressa
0 0
0 0
Porites evermanni
0 0
0 0
Porites lichen
0.1 0.2
0.0 0.1
Porites lobata
0 0
0 0
Porites rus
0 0
0 0
Psammocora nierstraszi
Unknown Coral
0.0 0.0
0.1 0.1
Total Coral
3.6 1.7
4.2 2.3
Species Richness:
6
5
Species Diversity:
0.27
0.22
Macroalgae
4.3 3.2
3.6 2.2

Diff.

0.0

-0.1

0.5
0.0

-0.1

0.1
0.6
-1
-0.05
-0.7

Photoquadrat Data (3m): Photo analysis pending
Findings: Initial coral cover rank is 54 among 60
reefs. However, high levels of coral recruitment
evident in visual surveys. Coral cover similar
between the two sampling periods. Low level of
macroalgae. High percentage of turf algae with
low level of crustose coralline algae. Sediment
composition and size indicative of potentially
high terrigenous input relative to other Molokai
sites examined (although such input might be
considered low compared to other state sites).
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No rare or unusual species observed.

Kamiloloa, Molokai
Benthic Habitat: 10 m

Mean
S.D.

Depth (m)
10

Rugosity
1.37
0.13

Sediment
Composition (% wt.)
LOI
H2CO3
3.39
93.27
0.20
0.77

Gravel
48.84
15.98

Sediment Grain Size
(% wt.)
Coarse
Fine
25.07
23.37
7.29
9.36

Silt
2.72
0.67

Video Transect data (10 m):
% Cover: 2000
2001
Species
Mean SD Mean SD
0 0
0 0
Cyphastrea ocellina
0 0
0 0
Fungia scutaria
0 0
0 0
Leptastrea purpurea
0 0
0 0
Montipora flabellata
0.1 0.2
0.4 0.5
Montipora patula
0 0
0 0
Montipora studeri
0.2 0.7
1.6 2.1
Montipora capitata
0 0
0 0
Pavona duerdeni
0 0
0 0
Pavona maldivensis
0 0
0 0
Pavona varians
0 0
0 0
Pocillopora damicornis
0.1 0.2
0 0
Pocillopora eydouxi
0 0
0 0
Pocillopora ligulata
0.1 0.1
0.1 0.4
Pocillopora meandrina
0.1 0.1
0 0
Porites brighami
0 0
0 0
Porites compressa
0 0
0 0
Porites evermanni
0 0
0 0
Porites lichen
0.3 0.5
0.5 0.4
Porites lobata
0 0
0 0
Porites rus
0 0
0 0
Psammocora nierstraszi
Unknown Coral
0.0 0.1
0.1 0.1
Total Coral
0.9 1.7
2.7 2.6
Species Richness:
7
5
Species Diversity:
1.68
1.14
Macroalgae
19.6 6.3
2.8 1.3

Diff.

0.3
1.4

-0.1
0.0
-0.1

0.2
0.1
1.8
-2
-0.54
-16.8

Photoquadrat Data (10m): Photo analysis pending
Findings: Initial coral cover rank is 60 among 60
reefs. Estimate of coral cover was slightly higher
in the second sampling period. High levels of
coral recruitment evident in visual surveys. High
level of macroalgae (e.g. Halimeda incrassata).
High percentage of turf algae with low level of
crustose coralline algae. High percentage of fine
sediments with low content of terrigenous
material. No rare or unusual species observed.
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Kamiloloa, Molokai
Fish Data: 3 m and 10 m
Density (#/125m²)
Species
Acanthurus nigrofuscus
Acanthurus olivaceus
Bodianus bilunulatus
Cantherhines sandwichiensis
Canthigaster jactator
Chromis vanderbilti
Cirrhitops fasciatus
Cirripectes vanderbilti
Coris venusta
Dascyllus albisella
Gunnellichthys curiosus
Macropharyngodon geoffroyi
Melichthys niger
Novaculichthys taeniourus
Oxycheilinus bimaculatus
Paracirrhites arcatus
Parupeneus multifasciatus
Plectroglyphidodon johnstonianus
Pseudocheilinus octotaenia
Pseudojuloides cerasinus
Rhinecanthus rectangulus
Scarus psittacus
Stegastes fasciolatus
Stethojulis balteata
Sufflamen bursa
Sufflamen fraenatus
Thalassoma duperrey
Total/Depth Avg ± SD:
Species Richness
Species Diversity

3m
Mean SD

Biomass (g/125m²)

10 m
Mean SD

1.0 1.2
0.5
0.5
2.5
2.5
1.0
1.0
9.5

1.0
1.0
2.5
5.0
1.2
1.2
7.2

3m
Mean SD
17.5

2.5
0.5

2.5
1.0

7.5
2.5

4.7
5.0

22.1

105.1 210.3
41.2 82.4
16.8 18.9
8.9 17.9
15.2 17.5
6.0
6.9
115.3 97.5

6.0 12.0
0.5 1.0
1.5
0.5
1.0
0.5
14.0
3.0
1.5

3.0
1.0
1.2
1.0
2.8
3.5
1.0

2.0
8.5
4.0

2.8
6.0
8.0

1.0
3.0
6.0
3.0

2.0
4.8
3.3
6.0

24.5 6.2

0.5
2.5
1.0
5.0

1.0
3.8
1.2
7.4

81.5 2.5
20
1.88

56.0
17
1.81

4.3

1.5
0.5
1.0
13.5

1.9
1.0
2.0
6.2

10 m
Mean SD
642.0 514.2
156.3 312.6
44.2
8.9

28.0
17.9

62.3 124.6
1.7
3.4
8.2 16.3
162.5 325.0
11.2 13.4
3.0
6.0
296.3 65.4
42.6 51.4
9.8
8.4

178.9 219.5
3.2
6.4
10.6 21.3
188.8 115.2

552.7 146.2
1793.7

73.4

11.6 13.9
163.2 118.0
31.2 62.3
15.8 31.6
9.4 17.0
765.9 404.2
24.2 48.5
9.3 18.6
243.7 392.1
685.3 916.6
87.7 147.9
2962.7 186.5

Findings: Among 60 reefs, Kamiloloa 3m ranked 55 in species richness, 55 in density, 58 in biomass, and
53 in diversity. Kamiloloa 10m ranked 57 in species richness, 58 in density, 56 in biomass, and 54 in
diversity. These reefs are highly depauperate. The most abundant species were the ubiquitous Saddle
wrasse (Thalassoma duperrey) and the Arc-eye hawkfish (Pracirrhites arcatus) at the 3m and 10m reefs
respectively. The species with the highest biomass were the Saddle wrasse (Thalassoma duperrey) and
the Reef triggerfish (Rhinecanthus rectangulus) at the 3m and 10m reefs respectively. Gunnellichthys
curiosus is not a common species at sites surveyed. Factors contributing to present fish and benthic
community status worthy of investigation and possible remediation.
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6.6 Palaau, Molokai
21o 05.352’ N

157o 06.460’ W

Management Status: Open access
Area Description: Agricultural area with
mangrove dominated shoreline acting to
consolidate sediments. Extremely broad reef flat
and reef face bisected by Palaau Channel. Inner
channel and fishing house reef flats fully
exposed at minus low tides. Sand and fine
sediments cover most of the reef flat with no live
coral. Seaward through channel area small
colonies of coral found. Coral cover increases
seaward across reef flat, crest and reef slope.
Southern exposure, sheltered. Sustenance
fishing. Potential sedimentation impact.

Benthic Habitat Data: 3 m

Mean
S.D.

Depth (m)

Rugosity

3

1.92
0.30

Sediment
Composition (% wt.)
LOI
H2CO3
2.47
0.14

95.33
0.48

Sediment Grain Size
(% wt.)
Gravel
Coarse
Fine
96.60
0.21

1.55
0.41

0.71
0.12

Silt
1.13
0.32

Video Transect data (3 m):
% Cover: 2000
2001
Species
Mean SD Mean SD
0 0
0 0
Cyphastrea ocellina
0 0
0 0
Fungia scutaria
0.0 0.0
0.0 0.1
Leptastrea purpurea
0 0
0 0
Montipora flabellata
3.0 2.3
2.7 2.4
Montipora patula
0 0
0 0
Montipora studeri
6.5 6.5
5.9 4.9
Montipora capitata
0 0
0 0
Pavona duerdeni
0 0
0 0
Pavona maldivensis
0 0
0.0 0.1
Pavona varians
0.0 0.1
0.0 0.0
Pocillopora damicornis
0.2 0.4
0.0 0.1
Pocillopora eydouxi
0 0
0 0
Pocillopora ligulata
1.5 1.1
1.6 1.3
Pocillopora meandrina
0 0
0 0
Porites brighami
5.3 2.7
2.8 1.4
Porites compressa
0 0
0 0
Porites evermanni
0 0
0 0
Porites lichen
13.0 5.9 13.5 6.5
Porites lobata
0 0
0 0
Porites rus
0 0
0 0
Psammocora nierstraszi
Unknown Coral
0.1 0.1
0.0 0.0
Total Coral
29.6 8.9 26.6 8.2
Species Richness:
9
10
Species Diversity:
1.44
1.35
Macroalgae
0.2 0.3
0.2 0.3

Diff.

0.0
-0.3
-0.6
0.0
0.0
-0.2
0.1
-2.5
0.5

-0.1
-3.0
1
-0.09
0.0

Photoquadrat Data (3 m): Photo analysis pending
Findings: Initial coral cover rank is 20 among 60
reefs. Coral stayed roughly the same between
the 2 sampling periods. Low macroalgae
abundance. High percentage of crustose
coralline algae and turf algae. Low percentage
of fine sediments with low content of terrigenous
material. No rare or unusual corals observed.
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Palaau, Molokai
Benthic Habitat: 10 m

Mean
S.D.

Depth (m)
10

Rugosity
2.07
0.36

Sediment
Composition (% wt.)
LOI
H2CO3
3.54
94.03
0.36
3.12

Gravel
31.69
5.91

Sediment Grain Size
(% wt.)
Coarse
Fine
27.95
31.90
1.64
5.85

Silt
8.46
1.71

Video Transect data (10 m):
% Cover: 2000
2001
Species
Mean SD Mean SD
0
0
0
0
Cyphastrea ocellina
0
0
0
0
Fungia scutaria
0
0
0
0
Leptastrea purpurea
0.0 0.1 0.0 0.1
Montipora flabellata
12.9 3.9 13.5 3.5
Montipora patula
0
0
0
0
Montipora studeri
32.7 26.4 25.5 22.8
Montipora capitata
0
0
0
0
Pavona duerdeni
0.0 0.0 0.1 0.2
Pavona maldivensis
0
0 0.0 0.0
Pavona varians
0
0
0
0
Pocillopora damicornis
0.1 0.3
0
0
Pocillopora eydouxi
0
0
0
0
Pocillopora ligulata
0.6 0.5 0.6 0.4
Pocillopora meandrina
0
0
0
0
Porites brighami
24.7 12.7 24.6 13.5
Porites compressa
0
0
0
0
Porites evermanni
0
0
0
0
Porites lichen
1.5 2.8 0.1 0.4
Porites lobata
0
0
0
0
Porites rus
0
0
0
0
Psammocora nierstraszi
Unknown Coral
0.1 0.1 0.2 0.2
Total Coral
72.4 15.0 64.6 11.9
Species Richness:
9
9
Species Diversity:
1.16
1.15
Macroalgae
2.6 3.1 0.9 0.9

Diff.

0.0
0.6
-7.2
0.1
0.0
-0.1

Photoquadrat Data (10 m): Photo analysis pending
0.0
-0.1

-1.4
0.1
-7.8
0
-0.01
-1.7

Findings: Initial coral cover rank is 4 among 60
reefs. Coral declined almost 8% between the 2
sampling periods. Low level of macroalgae with
Acanthophora pacifica dominant between
Porites compressa fingers. High percentage of
crustose coralline algae and turf algae. High
percentage of fine sediments with low content of
terrigenous material. Gardenoseris planulata,
Montipora studeri and Pavona maldivensis are
found in region and are not common to sites
surveyed.
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Palaau, Molokai
Fish Data: 3 m and 10 m
Density (#/125m²)
Species
Acanthurus blochii
Acanthurus guttatus
Acanthurus leucopareius
Acanthurus nigrofuscus
Acanthurus triostegus
Cantherhines dumerilii
Cantherhines sandwichiensis
Canthigaster jactator
Centropyge potteri
Cephalopholis argus
Chaetodon lunula
Chaetodon multicinctus
Chaetodon ornatissimus
Chaetodon quadrimaculatus
Chaetodon unimaculatus
Chlorurus perspicillatus
Chlorurus sordidus
Chromis agilis
Chromis hanui
Chromis vanderbilti
Chromis verater
Cirrhitops fasciatus
Cirripectes vanderbilti
Coris gaimard
Ctenochaetus strigosus
Forcipiger longirostris
Gomphosus varius
Halichoeres ornatissimus
Hemiramphus depauperatus
Labroides phthirophagus
Melichthys niger
Melichthys vidua
Mulloidichthys vanicolensis
Naso brevirostris
Naso lituratus
Ostracion meleagris
Oxycheilinus unifasciatus
Paracirrhites arcatus
Parupeneus cyclostomus
Parupeneus multifasciatus

3m
Mean SD

10 m
Mean SD

11.5 15.2
1.5
3
0.5
1
66.5
6.2
76.5 88.4
1
2
0.5
1
3
2

2

1.6

1
2
2
2.3
0.5
1
1.5
1.9
24.5 15.4

15.5 17.3
0.5
1

3m
Mean SD

2.5

3.8

0.5
22.5

1
20

1
1.2
1.5
1.9
0.5
1
1
2
22.5 22.1
1
2
4

4.9

32.5 10.8
3
2
2.5
1
10.5 12.4
1.5
3

1
2

46.5

8.5

5
2.5
75
1
6

5.3
1
150
2
5.2

3.5
1
8
1

7
2
8.5
2

0.5
1
31 24.5
0.5
1
3.5
2.5
1.5
1.9

1

3.5
1
1

Biomass (g/125m²)

3
1.2
1.2

830.4
287.8
85.2
2395.6
6269
640.6
48.7
15.3

1311.2
575.7
170.4
704.1
7246.6
1281.3
97.3
5.8

136

111.1

152.5
218.5
21.9
2578.8
5018.8

305
255.2
43.7
3065
4686.9

55.4

61.9

5
2.9

10
5.7

3510.1

764.3

89.2
18.3
3134.7
3.3
2400

89.4
12.1
6269.4
6.5
2024.8

922
170.7
1912.2
6.2

1844.1
341.5
2616.3
12.5

1.2

1.5

3

0.5
4.5

1
1.9

2

1.6

10 m
Mean SD
139.2 218.7
85.2 170.4
633
543

5.9
7.2
45.8 58.4
105.6 211.2
82.5 165.1
608.6 573.9
152.5
305
138.3

167

2373.4 957.8
22.7 22.6
6.5
3.2
37.5 44.2
70.2 140.4

52.6 105.2
965.3 627.5
34.8 69.6
67.6 49.3
18.1 21.7

276.1 320.2

58.1
82.1
87.4

61.6
159.1
124

155.9 311.9
9.4
69.8

18.8
32.1

125

97.2

Page 288

Final Report: EPA Grant CD97918401-0 P. L. Jokiel, K S. Rodgers and Eric K. Brown

Palaau, Molokai
Fish Data: 3 m and 10 m
Species
Plectroglyphidodon johnstonianus
Pseudocheilinus octotaenia
Rhinecanthus rectangulus
Scarus psittacus
Scarus rubroviolaceus
Stegastes fasciolatus
Stethojulis balteata
Sufflamen bursa
Thalassoma ballieui
Thalassoma duperrey
Zebrasoma flavescens
Zebrasoma veliferum
Total/Depth Avg ± SD:
Species Richness
Species Diversity

Density (#/125m²)
3m
Mean SD
1.5

Biomass (g/125m²)

10 m
Mean SD
3

1
1.2
12.5 12.2
0.5
1
2.5
3
0.5
1

26

8.5

0.5

1

409.5 10.3
38
2.17

10
1

11
1.2

19 23.6
7.5 11.1
2
2.8
1
1.2
0.5
1
11.5
6
2.5
3
208.5
34
2.42

5.6

3m
Mean SD
11.7

23.5

122.8
1786.6
85.4
52.8
12.5

142.8
1184.8
170.9
71.3
25.1

424.7

175.3

162.2

324.4

33815.4

957.4

10 m
Mean SD
112.2
17.1

128
23.7

474.9 679.9
128.3 180.1
47.6 66.1
63.8
108
26.5 53.1
275.2 239.5
71.7 97.7
7498.7 200.5

Findings: Among 60 reefs, Palaau 3m ranked 26 in species richness, 5 in density, 6 in biomass, and 34 in
diversity. Palaau 10m ranked 27 in species richness, 30 in density, 41 in biomass, and 12 in diversity. The
most abundant species were the Convict tang (Acanthurus triostegus) and the Bullethead parrotfish
(Chlorurus sordidus) at the 3m and 10m reefs respectively. The species with the highest biomass was the
Bullethead parrotfish (Chlorurus sordidus) at both the 3m and 10m reefs respectively. No rare or unusual
species observed.
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6.7 Kahekili, Maui
20o 56.257’ N

156o 41.595’ W

Management Status: Open Access
Area Description: Watershed forest reserve.
Upslope sugarcane fields have been fallow
since 1999 with area planned for nearshore
housing and resort development. Sewage
treatment plant in close proximity (south of
Honokowai) with 4 injection wells. Exposed
limestone rubble and sand beach shoreline.
Mixed cabonate/sand sloping shallow reef with
high coral cover. Deep site characterized by
aggregated coral heads with moderate to high
rugosity and interspersed with sand patches.
Northern exposure, sheltered Management
concerns include nutrient inputs from agriculture

Kahekili

Kekaa Point

and injection wells, sedimentation from runoff.

Benthic Habitat Data: 3 m

Mean
S.D.

Depth (m)

Rugosity

3

1.58
0.15

Sediment
Composition (% wt.)
LOI
H2CO3
2.63
0.28

83.69
0.62

Sediment Grain Size
(% wt.)
Gravel
Coarse
Fine
38.55
8.84

50.41
4.09

10.47
4.61

Silt
0.58
0.14

Video Transect data (3 m):
Macroalgae
% Cover: 1999
Species
Mean SD
0
0
Cyphastrea ocellina
0
0
Fungia scutaria
0
0
Leptastrea purpurea
0.2 0.4
Montipora flabellata
2.4 1.8
Montipora patula
0
0
Montipora studeri
4.9 2.5
Montipora capitata
0.0 0.1
Pavona duerdeni
0
0
Pavona maldivensis
0.0 0.0
Pavona varians
0
0
Pocillopora damicornis
0
0
Pocillopora eydouxi
0
0
Pocillopora ligulata
2.0 1.3
Pocillopora meandrina
0
0
Porites brighami
11.0 7.4
Porites compressa
0.1 0.3
Porites evermanni
0
0
Porites lichen
22.8 5.6
Porites lobata
0
0
Porites rus
0
0
Psammocora nierstraszi
Unknown Coral
0
0
Total Coral
43.5 10.3
Species Richness:
9
Species Diversity:
1.28

22.2 7.6

Photoquadrat Data (3 m): Photo analysis pending
Findings: Initial coral cover rank is 10 among 60
reefs. Coral community dominated by Porites
spp. High percentage of macroalgal cover.
Occasional blooms of Cladphora sercea and
Ulva fasciata. High percentage turf algae. Low
percentage of fine sediments with low content of
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terrigenous material. No rare or unusual species
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observed.

Kahekili, Maui
Benthic Habitat: 7 m

Mean
S.D.

Depth (m)
7

Rugosity
1.40
0.33

Sediment
Composition (% wt.)
LOI
H2CO3
2.78
85.85
0.18
0.52

Gravel
42.40
20.22

Sediment Grain Size
(% wt.)
Coarse
Fine
49.38
7.46
15.30
4.58

Silt
0.75
0.34

Video Transect data (7 m):
% Cover: 1999
Species
Mean SD
0
0
Cyphastrea ocellina
0
0
Fungia scutaria
0
0
Leptastrea purpurea
0
0
Montipora flabellata
0.3 0.7
Montipora patula
0
0
Montipora studeri
3.0 4.2
Montipora capitata
0
0
Pavona duerdeni
0
0
Pavona maldivensis
0
0
Pavona varians
0
0
Pocillopora damicornis
0
0
Pocillopora eydouxi
0
0
Pocillopora ligulata
0.8 0.6
Pocillopora meandrina
0
0
Porites brighami
7.2 7.2
Porites compressa
0
0
Porites evermanni
0
0
Porites lichen
18.8 14.1
Porites lobata
0
0
Porites rus
0
0
Psammocora nierstraszi
Unknown Coral
0
0
Total Coral
30.2 21.1
Species Richness:
5
Species Diversity:
1.03
Macroalgae
8.8 5.4

Photoquadrat Data (7 m): Photo analysis pending

Findings: Initial coral cover rank is 19 among 60
reefs. Coral community dominated by Porites
spp. High percentage of macroalgal cover.
Occasional blooms of Cladphora sercea. High
percentage of turf algae. Low percentage of fine
sediments with low content of terrigenous
material. No rare or unusual species observed.
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Kahekili, Maui
Fish Data: 3 m and 7 m

Species
Acanthurus nigrofuscus
Acanthurus olivaceus
Acanthurus triostegus
Anampses cuvier
Aprion virescens
Calotomus carolinus
Cantherhines sandwichiensis
Canthigaster jactator
Centropyge potteri
Cephalopholis argus
Chaetodon lunula
Chaetodon ornatissimus
Chaetodon unimaculatus
Chlorurus sordidus
Chromis hanui
Chromis vanderbilti
Cirrhitops fasciatus
Cirripectes vanderbilti
Coris gaimard
Coris venusta
Ctenochaetus strigosus
Dascyllus albisella
Exallias brevis
Forcipiger flavissimus
Gomphosus varius
Gymnothorax meleagris
Halichoeres ornatissimus
Labroides phthirophagus
Macropharyngodon geoffroyi
Melichthys niger
Melichthys vidua
Mulloidichthys flavolineatus
Naso brevirostris
Naso hexacanthus
Naso lituratus
Naso unicornis
Oxycheilinus unifasciatus
Paracirrhites arcatus
Paracirrhites forsteri
Parupeneus cyclostomus

Density (#/125m²)
3m
7m
Mean SD
Mean SD
223.0
3.5
22.0
2.0
1.0
1.0

78.4
3.4
15.7
2.8
1.2
2.0

10.5

1.9

1.0
1.0
2.0
1.0

2.0
1.2
2.3
2.0

2.5
1.0
1.5
3.0

3.0
1.2
1.9
4.8

5.5

7.2

1.0
9.0

1.2
4.8

0.5
0.5
0.5
4.5
2.0
26.0
15.5

1.0
1.0
1.0
3.4
4.0
35.9
14.5

5.0
4.5
0.5
0.5

2.0
4.4
1.0
1.0

13.0
2.0

8.1
4.0

1.0

1.2

1.0
0.5
10.5
1.0

1.2
1.0
3.0
2.0

1.5

1.9

2.0
1.5
33.5
0.5

2.3
3.0
65.7
1.0

4.0
2.5
7.0
13.5
0.5
1.0
3.5
0.5

3.3
2.5
7.4
27.0
1.0
1.2
3.4
1.0

4.5
0.5

1.9
1.0

3.5
0.5
6.5

1.0
1.0
4.1

3.5
1.0
0.5

1.9
1.2
1.0

Biomass (g/125m²)
3m
7m
Mean SD
Mean SD
8822.4
787.0
1521.4
13.8
78.7
280.3

3795.5
854.0
1052.9
18.5
90.9
560.7

68.0

9.5

693.5
55.3
290.9
57.6

1387.1
63.9
336.6
115.2

7.9
4.6
33.7
16.2

10.1
5.4
49.2
25.0

188.0

267.2

46.8
204.5

54.0
135.4

3.0
1.6
2.6
1498.8
614.0
3036.1
4066.8

6.1
3.1
5.2
1287.0
1228.0
4110.9
3507.2

844.9
837.1
33.5
19.6

392.5
739.9
67.0
39.2

324.4 246.8
453.3 906.7
12.3

15.8

18.8
8.1
68.0
31.3

22.2
16.2
20.1
62.7

215.1 288.5
67.0 77.7
6.3 12.5
155.3 304.5
11.0 22.0
60.1
38.9
129.5
386.3
18.9
46.8
100.5
153.5

48.2
37.9
132.6
772.6
37.8
54.0
112.0
307.1

105.1 67.9
143.2 286.5

590.1 414.3
56.5 113.1
1148.1 942.2

87.7 48.3
92.1 107.3
4.2
8.4
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Kahekili, Maui
Fish Data: 3 m and 7 m
Species
Parupeneus multifasciatus
Pervagor aspricaudus
Plagiotremus goslinei
Plectroglyphidodon imparipennis
Plectroglyphidodon johnstonianus
Pseudocheilinus octotaenia
Pseudocheilinus tetrataenia
Rhinecanthus rectangulus
Scarus psittacus
Scarus rubroviolaceus
Stegastes fasciolatus
Stethojulis balteata
Sufflamen bursa
Thalassoma duperrey
Zanclus cornutus
Zebrasoma flavescens
Total/Depth Avg ± SD:
Species Richness
Species Diversity

Density (#/125m²)
3m
Mean SD
3.5
1.0
0.5
0.5
34.0
4.0

3.0
1.2
1.0
1.0
3.7
2.8

7.0
4.5
2.0
35.5
17.5
0.5
79.5
0.5
4.5

2.0
3.8
1.6
6.0
5.0
1.0
18.1
1.0
4.1

546.5
44
2.19

5.9

Biomass (g/125m²)

7m
Mean SD

3m
Mean SD

7m
Mean SD

344.0
10.7
1.1
1.8
195.7
65.2

300.7
12.3
2.2
3.5
21.8
44.7

597.6 404.7

162.0
311.4
322.6
88.9
66.1
76.6
626.4
126.2
510.7
520.3

5.5

3.4

24.0
9.5
1.0
7.0
79.0

4.9
5.3
1.2
3.5
67.6

13.5
15.0
0.5
39.5

7.5
6.6
1.0
3.8

2.0

4.0

980.6
250.5
366.1
525.7
206.6
38.3
2617.2
63.1
562.8

317.5
39
2.43

6.7

30357.9

132.5 27.0
198.1 120.9
4.0
5.7
873.8 450.5
1102.7 940.5
232.6 156.7
204.4 10.3
38.3 76.6
1106.3 49.5
46.8

93.6

9069.7 200.6

Findings: Among 60 reefs, Kahekili 3m ranked 2 in species richness, 4 in density, 10 in biomass, and 33
in diversity. Kahekili 7m ranked 7 in species richness, 15 in density, 39 in biomass, and 11 in diversity.
The most abundant species were the Brown surgeonfish (Acanthurus nigrofuscus) and the Palenose
parrotfish (Scarus psittacus) at the 3m and 7m reefs respectively. The species with the highest biomass
were the Brown surgeonfish (Acanthurus nigrofuscus) and the Orangespine unicornfish (Naso lituratus) at
the 3m and 7m reefs respectively. No rare or unusual species observed.
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6.8 Honolua, Maui
21o 00.923’ N

156o 38.343’ W

Management Status: No take Marine Life
Conservation District.
Area Description: Semi-enclosed bay bordered
by north and south basalt cliffs. Surrounding
area conservation and agriculture use.
Intermittent stream input. Sand, rock and
boulder shoreline. North and south bay reef flats
crest and slope to central 8 to 13 m deep coarse
sand channel with beds of Halimeda incrassata.
South reef coral colonized basalt. North reef
more developed with higher coral coverage.
Coverage on both reefs increases with depth.
Reefs home to resident green turtles (Chelonia
mydas). North reef sheltered except from winter
North Pacific swell. High human use: water

recreation, boat traffic, tourism. Fish feeding,
anchoring, trampling, sedimentation.

Benthic Habitat Data (Honolua North): 3 m

Mean
S.D.

Depth (m)

Rugosity

3

1.47
0.14

Sediment
Composition (% wt.)
LOI
H2CO3
3.60
0.15

87.94
0.28

Sediment Grain Size
(% wt.)
Gravel
Coarse
Fine
44.90
11.35

33.35
2.06

20.34
13.57

Silt
1.42
0.17

Video Transect data (3 m):
% Cover: 1999
2000
Species
Mean SD Mean SD
0 0
0.0 0.1
Cyphastrea ocellina
0 0
0 0
Fungia scutaria
0.1 0.2
0 0
Leptastrea purpurea
1.3 1.3
0.9 0.7
Montipora flabellata
1.2 0.8
1.8 1.4
Montipora patula
0.0 0.1
0.0 0.1
Montipora studeri
1.6 0.9
1.4 1.0
Montipora verrucosa
0.4 0.5
0.3 0.8
Pavona duerdeni
0 0
0 0
Pavona maldivensis
0.6 0.6
3.3 1.6
Pavona varians
0 0
0 0
Pocillopora damicornis
0 0
0 0
Pocillopora eydouxi
0 0
0 0
Pocillopora ligulata
0.7 0.7
0.5 0.8
Pocillopora meandrina
0.0 0.1
0 0
Porites brighami
0.8 0.6
0.6 0.6
Porites compressa
0 0
0.1 0.2
Porites evermanni
0.0 0.0
0.1 0.2
Porites lichen
8.6 7.3
7.9 5.0
Porites lobata
0 0
0 0
Porites rus
0 0
0 0
Psammocora nierstraszi
Unknown Coral
0 0
0 0
15.3 7.2 17.0 4.5
Total Coral
Species Richness:
12
12
Species Diversity:
1.52
1.65

Macroalgae

5.8 3.0

4.7 2.4 -1.1

Diff.
0.0
-0.1
-0.4
0.6
0.0
-0.2
-0.1
2.7

-0.2
0.0
-0.2
0.1
0.1
-0.7

1.7
0
0.13

Photoquadrat Data (3 m): Photo analysis pending
Findings: Initial coral cover rank is 34 among 60
reefs. Coral cover stayed roughly the same
between the 2 sampling periods. High diversity
of macroalgae with occasional blooms of Golden
blue-green algae. High percentage of crustose
coralline algae and turf algae. High percentage
of fine sediments with low content of terrigenous
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material. Porites lichen and Montipora studeri
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notable as not common at sites surveyed.

Honolua, Maui
Benthic Habitat Data (Honolua South): 3 m

Mean
S.D.

Depth (m)
3

Rugosity
1.67
0.30

Sediment
Composition (% wt.)
LOI
H2CO3
4.68
64.50
0.28
0.58

Gravel
42.64
3.20

Sediment Grain Size
(% wt.)
Coarse
Fine
42.32
12.80
3.92
0.31

Silt
2.24
1.04

Video Transect data (3 m):
% Cover: 1999
Species
Mean SD
0
0
Cyphastrea ocellina
0
0
Fungia scutaria
0.1 0.2
Leptastrea purpurea
9.7 6.1
Montipora flabellata
2.9 1.2
Montipora patula
0
0
Montipora studeri
2.2 2.6
Montipora verrucosa
0.1 0.2
Pavona duerdeni
0
0
Pavona maldivensis
0.6 0.6
Pavona varians
0.0 0.0
Pocillopora damicornis
0.0 0.0
Pocillopora eydouxi
0
0
Pocillopora ligulata
1.6 1.7
Pocillopora meandrina
0
0
Porites brighami
0.2 0.2
Porites compressa
0
0
Porites evermanni
0
0
Porites lichen
3.6 2.5
Porites lobata
0
0
Porites rus
0
0
Psammocora nierstraszi
Unknown Coral
0
0
20.9 9.6
Total Coral
Species Richness:
11
Species Diversity:
1.56
Macroalgae

2000
Mean SD
0.0 0.1
0
0
0.0 0.1
9.5 8.8
4.1 3.2
0.1 0.2
3.1 3.1
0.2 0.3
0
0
4.1 2.1
0.0 0.0
0
0
0
0
1.6 1.3
0
0
0.4 0.4
0
0
0.3 0.3
3.6 3.2
0
0
0.0 0.0
0
0
26.9 8.6
14
1.80

2.0 0.8 4.9

Diff.
0.0
-0.1
-0.2
1.2
0.1
0.9
0.1
3.5
0.0
-0.0
0.0

Photoquadrat Data (3 m): Photo analysis pending

0.2

Findings: Initial coral cover rank is 29 among 60
reefs. No statistically detectable change in coral
cover between the 2 sampling periods. High
diversity of macroalgae (e.g. Turbinaria ornata)
with occasional blooms of Golden blue-green
algae. Moderate level of macroinvertebrates with
Echinometra
mathaei
prevalent.
High
percentage of crustose coralline algae and turf
algae. Moderate percentage of fine sediments
with moderate content of terrigenous material.
Porites lichen and Montipora studeri notable as
not common at sites surveyed.

0.3
0.0

6.0
3
0.24

2.4 2.9
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Honolua, Maui
Fish Data: 3 m Honolua North and 3 m Honolua South

Species

Density (#/125m²)
North
South
3m
3m
Mean SD
Mean SD
1.3
0.3

Abudefduf abdominalis
Abudefduf sordidus
Acanthurus blochii
Acanthurus dussumieri
Acanthurus leucopareius
Acanthurus nigrofuscus
Acanthurus olivaceus
Acanthurus triostegus
Arothron hispidus
Aulostomus chinensis
Calotomus carolinus
Cantherhines dumerilii
Cantherhines sandwichiensis
Canthigaster jactator
Cephalopholis argus
Chaetodon lunula
Chaetodon multicinctus
Chaetodon ornatissimus
Chaetodon quadrimaculatus
Chaetodon trifascialis
Chaetodon unimaculatus
Chlorurus perspicillatus
Chlorurus sordidus
Chromis ovalis
Chromis vanderbilti
Cirrhitops fasciatus
Cirrhitus pinnulatus
Cirripectes vanderbilti
Coris venusta
Ctenochaetus strigosus
Fistularia commersonii
Gomphosus varius
Gymnothorax eurostus
Kyphosus species
Labroides phthirophagus
Lutjanus kasmira
Melichthys vidua
Mulloidichthys vanicolensis
Naso lituratus

1.0

2.0

1.0
18.0
1.8
1.3

1.2
5.0
1.3
1.5

0.3
0.8
0.3

0.5
1.0
0.5

2.5

1.3

0.8
0.5
1.3
0.8
1.0
1.0
0.8
1.5
1.3
7.0
0.3

1.0
1.0
1.3
1.0
1.2
0.8
1.0
1.0
2.5
5.0
0.5

0.3
0.8
1.5
0.3
4.8

0.5
1.0
3.0
0.5
2.2

0.3 0.5
0.5 0.6
17.0 34.0
3.3 2.1

2.5
0.5

7.3 13.8
0.3

355.3

710.7

156.8
1034.5
599.3
102.6

182.8
289.1
406.0
118.5

10.3
142.5
98.8

20.6
164.5
197.7

18.2

9.4

61.9
14.6
204.2
54.3
71.2
66.6
1478.8
632.9
1.2
27.1
0.9

79.0
29.3
263.1
63.3
93.1
50.4
2257.8
346.5
2.4
19.0
1.8

1.1
11.3
151.9
25.1
72.3

2.1
14.9
303.8
50.2
30.9

27.2
129.7
3196.7
1162.6

54.4
152.4
6393.4
446.8

0.5

40.8 15.9
0.5 1.0
3.8 6.8
0.3 0.5
0.5 0.6
0.5 0.6
1.5 3.0
0.3 0.5
2.5 2.4
0.3 0.5
0.3
0.3
1.3
2.3
1.5

0.5
0.5
1.5
0.5
1.0

3.0
15.3
0.3
0.3
1.0

6.0
5.1
0.5
0.5
1.4

1.3

2.5

3.5 1.9
0.3 0.5
19.8 21.2
0.5 0.6
0.3 0.5
0.5 1.0
3.8

Biomass (g/125m²)
North
South
3m
3m
Mean SD
Mean SD

1.0

44.7
30.0

89.4
60.1

1780.4

3307.4

80.8

161.6

2055.0
104.4
374.5
111.8
23.2
188.1
818.5
7.2
10.3
17.7

825.9
208.8
706.6
223.6
27.1
230.3
1637.1
14.4
9.6
35.4

7.3
38.1
82.8
99.7
86.4

14.6
76.3
98.5
22.2
57.6

3.7
58.8
2.5
40.4
6.5

7.4
22.9
5.0
80.7
11.9

125.9

251.8

79.1
17.1
4686.4
0.9
27.2
262.6

54.3
34.2
5556.7
1.5
54.4
525.1

1337.2

275.4
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Honolua, Maui
Fish Data: 3 m
Species
Naso unicornis
Oxycheilinus unifasciatus
Paracirrhites arcatus
Paracirrhites forsteri
Parupeneus bifasciatus
Parupeneus cyclostomus
Parupeneus multifasciatus
Plagiotremus goslinei
Plectroglyphidodon imparipennis
Plectroglyphidodon johnstonianus
Rhinecanthus rectangulus
Scarus psittacus
Scarus rubroviolaceus
Scomberoides lysan
Stegastes fasciolatus
Stethojulis balteata
Thalassoma ballieui
Thalassoma duperrey
Zebrasoma flavescens
Total/Depth Avg ± SD:
Species Richness
Species Diversity

Density (#/125m²)
North
3m
Mean SD
0.8

1.0

1.3
0.3

1.5
0.5

1.5

0.6

1.0
2.0
2.5
3.8
0.5
0.3
5.0
1.0
1.0
19.8
0.8

0.8
0.8
1.9
3.2
0.6
0.5
4.1
0.0
0.8
3.0
1.5

112.5
44
2.61

2.2

Biomass (g/125m²)

South
3m
Mean SD
2.3
0.3
3.3
0.3
0.3
1.5
3.3
0.3
2.3
2.5
1.0
7.5
1.8
0.3
11.3
2.5
0.3
30.5

3.3
0.5
3.2
0.5
0.5
1.7
3.3
0.5
1.7
1.7
0.8
6.6
1.0
0.5
4.2
2.5
0.5
4.1

185.8
50
2.50

2.7

North
3m
Mean SD
274.6

317.4

34.0
13.8

40.8
27.7

182.5

102.1

2.2
12.4
344.1
327.7
2707.1
31.4
69.6
10.1
94.8
409.1
70.7

1.7
5.1
186.2
314.1
3869.2
62.9
72.8
6.2
77.4
123.4
141.4

14493.9

411.4

South
3m
Mean SD
1292.2
13.5
102.2
20.9
13.1
155.0
240.3
0.6
5.7
14.4
134.6
197.0
2659.6
38.2
167.8
27.5
23.7
815.2

1990.4
27.0
78.0
41.8
26.3
179.0
173.8
1.1
6.0
10.5
111.5
200.1
3498.1
76.3
52.6
31.5
47.4
236.6

18530.5

429.5

Findings: Among 60 reefs, Honolua North ranked 3 in species richness, 49 in density, 30 in biomass, and
3 in diversity. Honolua South ranked 1 in species richness, 34 in density, 21 in biomass, and 7 in diversity.
The most abundant species were the Saddle wrasse (Thalassoma duperrey) and the Brown surgeonfish
(Acanthurus nigrofuscus) at the North and South reefs respectively. The species with the highest biomass
were the Yellowfin goatfish (Mulloidichthys vanicolensis) and the Chubs (Kyphosus spp.) at the North and
South reefs respectively. Gymnothorax eurostus presence notable as this species is not common to sites surveyed.

