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Executive Summary

During the 2025 Biological Carrying Capacity annual report period from 18 August 2025 through
18 November 2025 all project work plan tasks were initiated. This study assesses the biological
capacity of the Hanauma Bay Nature Preserve (HBNP), building on prior data to evaluate overall
carrying capacity.

Ecological monitoring of fishes (Task A) is scheduled for November 2025. Congruent with
ecological monitoring, species inventories (Task A) continue to be updated accordingly (See
Appendix A). The species archive was developed to describe species found at the Hanauma Bay
Nature Preserve (HBNP) to augment Sea Grant’s photo archive for educational purposes and for
website display. Detailed archives separated by biological groups were created to focus on fishes,
invertebrates, and seaweed to provide in-depth identification tools for snorkelers. The species
archive contains nearly 200 species for more rapid and easier identification. Initial coral
bleaching surveys (Task B) along permanent transects were conducted September 2025, with
repeat surveys to assess mortality scheduled for February 2026. Some coral bleaching was
observed throughout the state in response to thermal stress; A comparison of coral cover between
most recent historical surveys in 2023 to current surveys in September 2025 and February 2026
will be available in the final report (See Appendix B for raw data). To complement coral
bleaching surveys, water temperature loggers (Task C) have been placed within the inner reef flat
(September 2025). Collection of substrate materials (Task C) occurred October 2025, with
processing and compositional burns scheduled for early 2026. To support related research and
comparative analysis (Task C), an updated annotated bibliography can be found in Appendix C.
The Department of Health (DOH) has been contacted for historical water quality records (Task
D) at Hanauma Bay, nearshore sites within the watershed, and other Marine Life Conservation
Districts (MLCDs) on O‘ahu. Additionally, a questionnaire was shared with the HBNP caretaker,
beach cleaner and manager to gather information on marine debris (Task D). A summary of the
responses are included in this report, and include recommendations for interagency coordination
of marine debris removal and AIS monitoring, community engagement, and policy enforcement
for prevention. Lastly, the management recommendations (Task E) from previous years have
been included at the end of this report for reference; additional recommendations will be
suggested in the final report.

Introduction

The Hanauma Bay Nature Preserve (HBNP) is the most popular snorkeling experience for
visitors in Hawai‘i. Since its establishment as an Marine Life Conservation District in 1967, the
Bay has seen millions of annual visitors with the highest recorded number in the 1980s.

The level of human use an area can withstand while still maintaining sustainability is often
referred to as the carrying capacity of the area. However, with the management of any
conservation area, a balance between recreation and ecosystem health is vital. Thus, our carrying



capacity studies are designed to incorporate many diverse aspects of carrying capacity:
biological, social, and physical.

In 2021, the first full year open following the pandemic, the HBNP recorded only 386,054
annual visitors, approximately 1,500/day (two closed days/wk omitted in calculations). This
change is less than half the admittance prior to the pandemic where 842,439 annual visitors
(3,000/day) entered the Bay. Based on box office counts available to the public on the City &
County website, there have been 365,744 annual visitors (1,400/day) in 2022, similar to 2023,
383,930 visitors (1,477/day). Admission levels remained constant in the three years following
the pandemic closure (2021-2023).

The extent of human use a reef community can withstand while assuring the sustainability of the
resource is often defined as the carrying capacity of the region (Lankford et al., 2005). It can
serve as a benchmark to assess implemented management strategies and guide adaptive
management. While the complexity of coastal marine ecosystems and spatial and temporal
variation cause extreme difficulty in isolating specific impacts, funded studies on carrying
capacities have indicted a growing concern for the marine resources in these areas (Brock &
Kam, 2000; Needham et al., 2008; Wanger, 2001; Zhang et al. 2016). Both direct and indirect
impacts can result from increased tourist visitor use of marine resources. Changes in fishes (Gil
et al., 2015) and coral (Renfro & Chadwick, 2017) populations can result from increased reef
interaction. Habitat destruction to coral reefs can affect fish nurseries (DeMartini & Anderson,
2007, Chaves et al., 2013), benthic composition (Renfro & Chadwick, 2017), coral recruitment
(Connell, 1997; Fox, 2004), coral disease prevalence (Lamb et al., 2014) and rates of smothering
by sedimentation and suspended fine particles from disturbance.

Quantifying human interaction and impacts at each unique reef environment is essential to
assigning acceptable limits of disturbance. Carrying capacity studies have been conducted at
Hanauma Bay in the past, examining visitor capacity during differing population densities of the
Bay’s operation (Brock and Kam 2000, Wanger 2001).

A biological carrying capacity study was conducted at Hanauma Bay in 2020 during the COVID
19 pandemic (Severino et al., 2021). This study occurred during the COVID closure of the
HBNP and examined the immediate results of an anthropause on the environment (Bates et al.,
2021). The data collected during this study offers an initial perspective into how the Bay has
changed following the COVID pandemic and the recovery time and process. While previous
studies have examined the physical (Graham et al., 2023) and social (Graham et al., 2022)
carrying capacities of the Bay, the biological carrying capacity focuses on the health of the
marine ecosystem at the HBNP and how it relates to the visitor population.

This current study builds on previous findings, focusing on the biological health of the marine
ecosystem in relation to visitor use. By integrating ecological monitoring, water quality analysis,
and species documentation, this study contributes to a long-term understanding of how human
activity influences the sustainability of Hanauma Bay.



Scope of Work 2025/2026

Status . .
R Task/Activity Progress/Results
eport
Inventory marine biological resources and inventory related terrestrial influences in the
watershed.
Activity 1:Ecological Monitoring of
Task A: Fish; transect surveys for abundance and | Scheduled for November 2025
biomass.
Updated inventory of fishes, corals, invertebrates,
Activity 2: Species Inventory and macroalgae included below. See Appendix A for
species lists.
Identify any significant factors relating to the extent of public usage and other social and natural
variables as they relate to the Bay’s ecosystem.
?th%ty L ?un.l? Impilct tori g 2025 bleaching surveys completed in September
Task B: rrom fTampiing. Annua’ MONItorng o 2025. Repeat surveys scheduled for February 2026.
inner reef transects established during the See Appendix B for raw data
2015/2016 coral bleaching event ’
o o Requested box office counts from Lynette Liu for Yr
Activity 2: Visitor Data Request 2024/2025 at end of year.
Related Research and Comparative Analysis
Activity 1: Collation of Related Research | See Appendix C for updated annotated bibliography.
Activity 2: Water Temperature Placement of temperature loggers in September 2025
Task C: Monitoring for all four main sectors of the Bay.
ACthl.ty % Cnigusiion 0 Substrate Collected October 2025; Processing and
Materials: carbonate vs. terrigenous e
. o compositional burns scheduled for early 2026.
fractions at differing depths
Work with the City and State agencies, respective officials, resource management staff.
Activity 1: Water Quality Contacted DOH for water quality data.
Task D: Questionnaire has been shared with caretaker, beach
o ] ) cleaner and manager for information on debris. A
Activity 2: Marine Debris summary of marine debris and microplastics
influence reflect responses.
_ See previous years' recommendations below (pg 21).
Task E: Management Recommendations and Additional recommendations will be made in the

Presentations

final report.




Detailed descriptions and outcomes of work activities
Task A: Inventory Marine Biological Resources and Terrestrial Influences

Activity 1: Ecological Monitoring of Fish

Ecological monitoring is scheduled for November 2025. DAR data has been requested and will be
used in recommendations alongside the long-term dataset collected by the Coral Reef Ecology
Laboratory.

o o

Al .‘ Witches Change!

Keyhole

F Brew Backdoor

Offshore

Figure 1. Delineations on the shallow reef flat at the Hanauma Bay Nature Preserve using
commonly used local names.

Activity 2: Species Inventory

Biological Inventory: Fishes

Consistent long-term monitoring through quantitative fish surveys have been conducted since 1952 by
the State of Hawai‘i Division of Aquatic Resources (DAR) (Friedlander et al. 2018). This has
encompassed the entire Bay. This is the longest, most complete and reliable historical dataset for
fishes at the Hanauma Bay Nature Preserve (HBNP). Precise calibration and training of surveyors is
executed as divers change to assure minimal observer error. Other fish assessments have been
conducted over the years by the Coral Reef Assessment and Monitoring Program (Rodgers et al. 2015)
and numerous individual investigators that focused on specific questions. More recent surveys have
been conducted at the HBNP in the shallow reef flat by the Hawai‘i Institute of Marine Biology during
a five-year carrying capacity study (Rodgers et al. 2019, 2020, 2021, 2022, 2023)

The DAR dataset was used to calculate the biological inventory of fishes. The most recent decadal
data (2015-2025) was used to represent the current fish populations in the Bay. The surveys of the
inside and outside sectors were combined to provide an overall representation and indication of fish
population dynamics within the entire Bay. Appendix A lists the scientific and common names, family,
distribution, and endemism in alphabetical order of fish species that have been recorded from
Hanauma Bay.



The HBNP has extremely high diversity of fishes. Species counts revealed 227 distinct fish species.
These fishes represent 43 families ranging from narrow to widespread distributions from
circumtropical to the Hawaiian Islands alone.

Figure 2. Large schools of the highly visible Convict Tang (manini) can commonly be observed at the
Hanauma Bay Nature Preserve.

Both terrestrial and marine endemism in the Hawaiian Islands is high compared to the rest of the
world due to geographic isolation that restricts gene flow and favors speciation. Endemism is a
biologically relevant attribute in examining fish assemblages. It relates to the conservation of
biodiversity, genetic connectivity, and spatial patterns of recruitment. Endemic fishes are native to and
live naturally in only one region. They are found nowhere else in the world. Indigenous species are
also native but may be more widely distributed in other regions of the world. Introduced or alien
species are not native to the area but were either intentionally or unintentionally introduced. Invasive
species have become established and may displace native species. Endemism is a biologically relevant
attribute in examining fish assemblages. Endemism recorded in this study (20.4.0%) is consistent with
published values for fish endemism (23.1%) in Hawai‘i based on the most comprehensive estimate of
reef and shore fishes (Randall 1998).

Indigenous fish species, which are taxa native but not unique to the Hawaiian Islands marine
environment, comprise the vast majority of species found in Hawai‘i. At the HBNP, 78.3% of all fish
species reported were indigenous.

The introduced and invasive species recorded at the HBNP include two introduced snappers, the
Bluestripe Snapper, Lutjanus kasmira, (ta’ape) and the Blacktail Snapper, L. fulvus (to‘au) and a
grouper, the Peacock Grouper, Cephalopholis argus (roi). This comprises a mere 1.3% of the fish
species. Since most snappers occurring in Hawai’i have historically been highly prized food fish
(‘opakapaka, ehu, onaga), but inhabit depths of over 60 m, the Hawai‘i Fish and Game (currently
DAR) introduced three shallow water snappers from the South Pacific and Mexico in the mid-1950s
and early 1960s in hopes of stimulating the commercial fisheries. These are among the 11 demersal
species introduced within a 5-year period. L. kasmira (ta’ape) and L. fulvus (to’au) have become
widely established, while the third species, L. gibbus is extremely rare. None of these species has been
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widely accepted as a food fish among the local population or become successful in the commercial
fisheries and the ecological effects of these aliens have only recently been realized. Histological
reports from Work et al. (2003) found that nearly half of the ta’ape examined from O‘ahu were
infected with an apicomplexan protozoan. Furthermore, 26% were infected with an epitheliocystic-like
organism with potential transmission to endemic reef fishes. In addition, ta‘ape from Hilo were found
to host the nematode Spirocamallanus istiblenni (Font and Rigby 2000). Species of goatfish (weke and
kiimt), a popular food fish for humans, may be displaced by ta’ape, which has also expanded its range
into deeper water where ‘opakapaka reside. Friedlander and Parrish (1998) looked at patterns of
habitat use to determine predation and resource competition between ta’ape and several native species
within Hanalei Bay, Kaua’i, but found no strong ecological relationships. The more common of the
non-native snappers, ta‘ape, was introduced from the Marquesas in 1958, while to’au was imported
two years earlier in 1956. Although only 3,200 ta’ape were released on the island of O‘ahu, they have
increased their range to include the entire Hawaiian archipelago. The peacock grouper, Cephalopholis
argus (ro1) introduced by the state for commercial purposes in 1956 from Moorea, French Polynesia.

Fish Species Archive

An additional resource is the species archive prepared by the HIMB Coral Reef Ecology lab in 2024 as
part of the carrying capacity study. The archive consists of three sections, each serving as a valuable
resource for visitors to the HBNP. The Hanauma Bay Species Archive encompasses a list of species
found in the Bay. The Fish Photo Archive offers a collection of fish species complete with photos,
detailed descriptions, and common, scientific, and Hawaiian names. Additionally, it provides links to
external websites with a broader range of fish images, including juveniles, adults, and sexually
dimorphic fishes. Similarly, the Invertebrate Photo Archive presents a user-friendly chart showcasing
invertebrate species with accompanying photos, descriptions, and naming conventions, along with
external links for more diverse image references. The Limu Species Photo Archive compiles a list of
macroalgal species observed at Hanauma Bay. Although this archive is not exhaustive, it includes
nearly 200 species of observed fishes, invertebrates, and algae that can be found at the HBNP.
Together, these archives offer visitors an informative and visually engaging tool for understanding and
identifying the diverse marine life here. This archive is intended to provide an additional resource for
visitors to the HBNP website. It is an open-ended collection that can be supplemented as additional
species and resources are identified.

Biological Inventory.: Corals

The HBNP is diverse in coral species. Corals on the inner, shallow reef can be found in cracks and
crevices and in the sectors less frequented by visitors. The outer reef has extremely high coral cover.
At least 25 species of hard corals representing eight families can be found at the HBNP. Of these
species, over half (52%) are endemic to the Hawaiian Islands. This far exceeds the Statewide coral
endemism of 20%. In addition, several species of soft corals are abundant in the HBNP. Of the three
species, the Blue Soft Coral is endemic to the Hawaiian Islands. A total of 28 species can be found at
Hanauma Bay inclusive of both hard and soft corals. Appendix A lists the scientific and common
names, family, distribution, and endemism in alphabetical order of coral species that have been
recorded from Hanauma Bay.

Lack of adaptive radiation in Hawaiian corals, fishes, and invertebrates and high rates of endemism in
marine fauna demonstrate isolation of the Hawaiian Archipelago from other Pacific island groups. In
Hawai‘i, genera containing multiple endemic species of marine invertebrates (Kay and Palumbi, 1987)
corals (Jokiel, 1987) and fishes (Hourigan and Reese, 1987) seem to be derived from separate
Indo-west Pacific species rather than radiating from a common ancestor. Thus, on an evolutionary



time scale the geographic barriers between the different islands of the Hawaiian archipelago are
insufficient to isolate marine populations long enough to allow speciation. The Archipelago is severely
isolated from other islands of the Pacific, so fish and invertebrates diverge into true Hawaiian endemic
species. Overall about 30% of invertebrates other than corals, 20% of corals and 32% of nearshore
fishes are endemic (Kay and Palumbi, 1987).

Due to Hawai‘i’s extreme geographic isolation, few species arrived naturally. In the terrestrial
environment, only about 1,000 species of plants and animals formed the basis for radiation of the
Hawaiian endemic species. The rate of colonization was slow, only one species per 70,000 years. Yet
this same isolation and habitat diversity made Hawai‘i the ideal place for speciation to occur. This is
not the case in the marine environment where there are fewer species (1-2 species in a genus) and a
lower number of endemics (approximately 20%) in contrast to the terrestrial environment (>90%). The
distances between islands are not sufficient to isolate populations so that speciation can occur. Larval
dispersal and migration of organisms can bridge the gap between islands of the archipelago. Niches in
the inshore marine environment were filled by constant immigration rather than by speciation.

Figure 3. The Cauliflower Coral, Pocillopora meandrina, commonly found on the shallow reef flat
can be spotted ranging in color from pink to dark brown.

Biological Inventory: Invertebrates
Numerous invertebrates inhabit Hanauma Bay. Due to the cryptic or nocturnal nature of many of
these, the appendix lists only either common or highly visible species.

Appendix A lists the scientific and common names, family, distribution, and endemism of invertebrate
species that have been recorded from Hanauma Bay.



Figure 4. A big-fin squid, Sepioteuthis lessoniana tries to disguise itself as part of a current drogue in
shallow waters at the Hanauma Bay Nature Preserve.

Biological Inventory: Seaweeds

Appendix A lists the scientific and common names, family, distribution, and endemism of macroalgal
species that have been recorded from Hanauma Bay. The sources for this species list include project
surveys and the Bishop Museum macroalgal archive. The 47 species listed in the appendix do not
include the turf or coralline algae. There are 18 Rhodophytes, 10 Ochrophyta, and 19 Chlorophyta
species listed. The endemism rate for the seven species at the HBNP ( 14.9% endemic) that are found
only in Hawai‘i, is comparable to the endemism rate for the Hawaiian Islands. A recent inventory of
Hawaiian marine algae and seagrasses (661 records) reports an overall endemism rate of ~13.2%.

Older estimates place marine macroalgal endemism in Hawai‘i at about 15%, or close to 1 in 7
species.

islands. Hanauma Bay Nature Preserve.

10



Biological Inventory: Megafauna

The species of large megafauna that reside or transit Hanauma Bay are few. Regular visitors include
the Monachus schauislandi, the Hawaiian Monk Seal (Ilio-holo-i-ka-uaua) and Chelonia mydas, the
Green Sea Turtle (honu). Occasional sightings of a small reef shark have been reported from
Sandman’s patch. Other shark sightings in the outer bay are infrequent.

The Hawaiian Monk Seal

The Hawaiian Monk Seal is a frequent visitor to the HBNP. Previous research conducted in the HBNP
focused on documenting the abundance of monk seals (Neomonachus schauinslandi) and green turtles
(Chelonia mydas), spanning three discrete time periods: in 2018 when the HBNP was open to the
public, during the COVID-19 closure in 2020, and following the reopening to the public at 25%
capacity. The study suggested that while monk seal presence at the HBNP varied in response to the
closure and reopening, monk seals were twice as likely to visit during periods closed to the public.
This supports other research on the effects of human presence to monk seal haul-out. Even at reduced
visitor presence upon reopening after the COVID closure monk seal occurrence was reduced,
suggesting disturbance even at low human numbers. Management closure of two days a week
encourages the use of Hanauma Bay for monk seal rest periods. Feeding by monk seals has not been
observed at the HBNP.

The Hawaiian monk seal (Neomonachus schauinslandi) is one of the most endangered marine
mammals in the world, endemic to the Hawaiian archipelago. Legally protected under both the U.S.
Endangered Species Act and the Marine Mammal Protection Act, its survival hinges on consistent,
well-coordinated conservation measures. As of the latest assessments, the total population of Hawaiian
monk seals is estimated at ~1,600 individuals. Of this total, roughly 1,200 seals are found in
Papahanaumokuakea, the Northwestern Hawaiian Islands, and about 400 seals inhabit the Main
Hawaiian Islands (MHI). The species decline that had been ongoing since the mid-20th century has
been reversed in recent years: since around 2013, population growth has averaged about 2% per year
across the full range.

In the main Hawaiian Islands, pup-production is increasing. For example, there were 34 pups born in
2024 in the main Hawaiian Islands, reflecting growth in reproduction in more accessible, coastal areas
where human interactions are higher but also heightened conservation effort. This increase is part of a
wider pattern of “visible recolonization” in the main Hawaiian Islands, where monk seals are showing
up at beaches more often, hauling out, and surviving in greater numbers.

Hawaiian monk seals reach sexual maturity relatively late, have low reproductive rates, and pup and

juvenile survival is a critical bottleneck. These life history traits make population recovery slow and

sensitive to even small threats. Several life-saving interventions are showing effect: disentanglement
from marine debris, relocation/translocation of pups away from high mortality or predation risk areas
(especially in Papahanaumokuakea), medical treatment when needed, and protection of haul-out and
pupping beaches in the main Hawaiian Islands.

Despite positive trends, monk seals in the main Hawaiian Islands still face heightened
human-interaction risks: entanglement, disturbance, disease (e.g. Toxoplasmosis), fishing gear
interactions, and habitat loss from coastal development and climate change. Juvenile survival,
especially in remote sites, remains a concern, and sea level rise threatens low lying pupping islets.
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Figure 6. Monk Seals resting at the Hanauma Bay Nature Preserve during a day closed
to the public in 2023.

The Green Sea Turtle

The Green Sea Turtle is commonly seen in the HBNP due to an abundance of macroalgae that can be
found under shelves and surface turf algae. While turtle populations have increased elsewhere on
O‘ahu, sightings have declined at Hanauma Bay over the past decades (Balaz pers.com.) (see monk
seal/turtle interactions). Although abundant on O‘ahu, nesting is extremely rare. No known nesting has
been reported from Hanauma Bay.

The green sea turtle (Chelonia mydas), or honu, is one of Hawai‘i’s most iconic marine species and
holds deep ecological, cultural, and spiritual significance. Listed as a threatened species under the U.S.
Endangered Species Act, the honu is both a conservation success story and an ongoing management
responsibility. Honu are a migratory species, traveling hundreds or thousands of miles between
foraging grounds and nesting sites. Over 95% of the Hawaiian population nests at French Frigate
Shoals within Papahanaumokuakea Marine National Monument, while individuals commonly forage
and bask throughout the main Hawaiian Islands. Limited nesting and foraging are also reported in
American Samoa, Guam, and the Commonwealth of the Northern Mariana Islands. When not
migrating, turtles remain in shallow waters—reefs, lagoons, bays, and shoals—where they feed and
rest. Globally, genetically distinct green turtle populations occur in the Pacific, Atlantic, Caribbean,
Mediterranean, and Indian Ocean, but the Hawaiian green turtle is found only in the Hawaiian
archipelago.

Honu have a long life cycle, with lifespans ranging from 60 to 100 years. They reach sexual maturity
only at 25-40 years of age, and reproductive spans last 17-23 years. Females return to their natal
beaches every 2-5 years, laying 3—9 clutches per season, each containing 75-200 eggs. Incubation
takes 45-75 days depending on temperature, and hatchlings emerge—usually at night—heading
toward the brightest horizon, ideally the ocean. Diet shifts with age: hatchlings eat fish and plants,
while juveniles and adults become largely herbivorous, grazing on algae (limu) and seagrass, though
they occasionally consume invertebrates such as jellyfish and sponges.
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Despite population recovery since federal protection in 1978, honu face significant threats. Predation
by crabs, birds, mongoose, rats, dogs, fish, and sharks, affect eggs and hatchlings. Sharks and Monk
Seal can impact adults. Human impacts include intentional poaching, entanglement in fishing gear,
bycatch, and vessel strikes. Habitat loss from coastal development and climate change, disease
(notably fibropapillomatosis), marine debris, ocean pollution, and artificial lighting that disorients
hatchlings are also critical concerns.

Management priorities emphasize habitat protection, enforcement of regulations, and public education
to reduce disturbance and support coexistence. Long-term strategies include addressing climate-driven
nesting beach loss, reducing light pollution near shorelines, enhancing disease research, and
strengthening partnerships with Native Hawaiian communities whose traditional stewardship values
guide conservation.

The honu—sometimes called “sea cows” for their grazing role in reef ecosystems and known as the
largest of the hard-shelled turtles—symbolizes both resilience and vulnerability. Continued adaptive
management, community collaboration, and cultural respect will be essential to ensure honu thrive as
a lasting part of Hawai‘i’s natural and cultural heritage.

Monk Seal and Green Turtle Interactions

Previous research conducted in Hanauma Bay Nature Preserve (HBNP) focused on documenting the
abundance of monk seals (Neomonachus schauinslandi) and green turtles (Chelonia mydas), spanning
three discrete time periods: in 2018 when HBNP was open to the public, during the COVID-19 closure
in 2020, and following the reopening to the public at 25% capacity. The study suggested that while
monk seal presence at HBNP varied in response to the closure and reopening, monk seals were twice
as likely to visit during periods closed to the public. This supports other research on the effects of
human presence to monk seal haul-out. Even at reduced visitor presence upon reopening after the
Covid closure monk seal occurrence was reduced, suggesting disturbance even at low human numbers.
Management closure of two days a week encourages the use of Hanauma Bay for monk seal rest
periods. Feeding has not been observed by monk seals at the HBNP.

Conversely, Dr. George Balazs concluded that the green turtle habitat usage did not exhibit a distinct
pattern related to visitor presence. During the COVID-19 closure, Dr. Balazs also studied the
relationship between Hawaiian monk seals and green turtles at the HBNP. Since his previous studies in
the 1990s, Dr. Balazs has observed a decline in the number of green turtles and an increase in
Hawaiian monk seals. The presence of monk seals in the Bay corresponded with a noticeable decline
in the green turtle population; however, this decrease in green turtle abundance in the presence of
monk seals was not statistically significant. Given the small sample size and the limitations of
anecdotal evidence, the findings regarding the interaction between green turtles and monk seals are
considered preliminary.

Two female green turtles (C. mydas) were reported stranded at Hanauma Bay in 2019. The necropsy
on these two turtles was performed by Dr. Thierry Work from the United States Geological Survey
(USGS). According to the National Oceanographic and Atmospheric Administration (NOAA)
necropsy report, one of the turtles was “found dead then bagged by Hanauma Bay staff. Picked up by
the Hawai‘i Marine Animal Rescue. Large hole ventral neck 9 x 6 cm bite like, similar to other suspect
monk seal trauma.” Dr. Balazs and community members have also witnessed green turtles attacked or
killed by monk seals in nearshore water throughout the main Hawaiian Islands. From 2009 to 2021,
several green turtles were stranded across the main Hawaiian Islands. Multiple lines of evidence
suggest aggressive interactions of monk seals with green turtles. Necropsy reports highlighted
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consistent trauma patterns, suggestive of predator-induced injuries. These findings differed from
traditional shark-induced injuries, further pointing away from shark predation. Additionally, field
reports noted similar injuries to turtles resembling monk seal trauma, reinforcing the idea that monk
seals are interacting with and potentially preying on green turtles. To determine if this is occurring in
Hanauma Bay, additional evidence and study are required.

During 2023, the presence of monk seals and green turtles at the HBNP were visually recorded over
the span of four months. Of the six survey days, the field team observed a total of six green turtles and
one monk seal in the Bay. This small sample size is difficult to relate to actual numbers and
occurrence times. More intensive monitoring should be conducted in coming years. In September and
October 2025, on the five survey days of this study, five green turtles and four monk seals were
recorded.

Figure 7. Green turtle with flipper bites consistent with monk seal trauma.
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Task B: Influence of Public Usage and Social/Natural Variables on Bay’s

Ecosystem

Activity 1: Human Impact from Trampling: Annual Monitoring Benthic Transects

Coral Bleaching Surveys

Annual coral bleaching surveys were conducted September 2025 to document any bleaching during
the annual summer temperature increase, and to serve as a baseline for future 2025 bleaching. The
previous survey was conducted at established stations in April 2023. Repeat surveys are scheduled for
February 2026. See Appendix B for raw data.

Bleaching has been documented as a sign of stress from temperature, sediments, nutrients, or
other factors (Rodgers et al., 2017). However, coral bleaching is not a direct response to

temperature. Ocean circulation patterns, irradiance intensity, cloud cover, rainfall, wind speed
and direction, water clarity, and duration and intensity can also determine levels of bleaching.

The bleaching threshold of corals is a 1-2°C increase above their summer maximum temperature,
which is usually around 29-30°C in Hawai‘i (Jokiel and Coles, 1977). The lower temperature threshold
for Hawaiian corals is 18°C. The final report will include temperature profiles for all four sectors of
Hanauma Bay to assess the potential for heat related coral bleaching and mortality.

Activity 2: Visitor Data Request
We have reached out to Hanauma Bay Management to acquire box office counts for 2024 and 2025.

Task C: Related Research and Comparative Analysis
Activity 1: Collation of Related Research
Nine papers were added to the annotated bibliography (Appendix C).

Activity 2: Water Temperature Monitoring

Temperature loggers (TidbiT v2 Temp Onset HOBO Data Logger and Pro v2 Data Logger) were
deployed in September 2025 in all four main sectors of the bay: Backdoors A, KeyHole B, Channel A,
and Witches Brew A. Loggers were set to automatically log temperature once every hour.

Activity 3: Composition of Substrate Materials

Substrate was collected from all four sectors and offshore October 2025; processing and burns will be
conducted early 2026 for composition of substrate materials; compositional burns determine the
proportion of terrigenous (land-derived) and carbonate (marine-derived) materials in the substrate.

Task D: Work with Collaborating Agencies toward Resource Management

Activity 1: Water Quality

The Hawai‘i Department of Health (DOH) has been contacted requesting water quality monitoring
data from Hanauma Bay and the two nearest sites on either side; Halona Blowhole Cove and Maunalua
Bay. Additionally, DOH is providing weekly and annual water quality data for the O‘ahu Marine Life
Conservation Districts (MLCDs); Waikiki and Piipukea-Waimea.
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Activity 2: Marine Debris

Marine Debris and Microplastics

Introduction

Marine debris represents one of the most persistent and visible forms of ocean pollution affecting the
Hawaiian Islands. Defined as any manufactured or processed solid material that is directly or
indirectly, intentionally or unintentionally, disposed of or abandoned into the marine environment,
marine debris poses significant threats to wildlife, coral reefs, and public safety. Despite decades of
effort, the inflow of oceanic debris into Hawai‘i’s waters continues year-round, driven by global
oceanic circulation patterns that concentrate floating materials into the North Pacific Gyre before
depositing them on local shores.

To ensure effective management, removal, and prevention, the State of Hawai‘i collaborates with local
organizations, community partners, and federal agencies such as NOAA and the EPA.

Reporting and Response Procedures

The Department of Land and Natural Resources (DLNR) coordinates marine debris removal on
State-managed lands, beaches, and waters. To report large or hazardous debris, or debris containing
living organisms, the public is instructed to call (833) 4da-NETS (833-432-6387) or submit a Marine
Debris Report Form with geotagged photos enabled via the phone’s locator feature. Accurate spatial
data greatly assists in identifying the debris location and facilitates rapid response and removal.
DLNR’s Marine Debris Response Team prioritizes large obstructions in navigable waterways, while
smaller-scale cleanups are often handled through partnerships with community organizations and
volunteers. The team works closely with aquatic invasive species (AIS) specialists when debris carries
biofouling organisms, as these can introduce non-native species that threaten Hawai‘i’s fragile marine
ecosystems.

Sources and Distribution of Marine Debris

Marine debris in Hawai‘i originates from both land-based and ocean-based sources.

Land-based debris typically results from human activity on land—Ilittering, runoff, and inadequate
waste management—that carries plastics and trash into storm drains and rivers, eventually reaching the
ocean.

Ocean-based debris includes materials intentionally or accidentally lost from vessels and offshore
platforms. Examples include fishing nets, ropes, buoys, traps, and cargo containers that fall overboard
during storms or accidents. Disaster debris is generated by natural events such as tsunamis or
typhoons, which can release large quantities of material into the ocean, including vessels and
fragments of buildings. Ocean currents play a defining role in determining which shorelines
accumulate debris. Certain beaches consistently receive more waste due to the convergence of current
patterns and wind direction. In particular, the islands’ northeastern and southeastern shores serve as
natural catchments for debris circulating from the North Pacific Garbage Patch.

Many debris items lack identifying markings, making it difficult to trace their origins. Much of what
arrives originates from global fishing activity, international shipping, or even domestic sources within
Hawai‘i itself.
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Biological Threats and Invasive Species

A unique and ongoing threat associated with marine debris is the potential introduction of aquatic
invasive species (AIS). Objects that spend long periods submerged can become colonized by marine
organisms. While pelagic species such as gooseneck barnacles are relatively harmless, debris that
acquires coastal species before drifting across the ocean poses a serious biosecurity risk. These
non-native organisms can establish themselves in Hawaiian ecosystems, outcompeting native species
and altering habitat structure. Proper handling and disposal protocols are essential to prevent the
release of potential invasive species during cleanup operations.

Level of Response

Numerous organizations, school groups, volunteers, and businesses regularly organize beach cleanups
throughout the State. Similar to the State of Hawai‘i Adopt a Highway initiative, one example is the
Pacific Whale Foundation on Maui where participants clean their favorite beach monthly for a
one-year period and provide scientists with valuable data used to develop long-term solutions. This
Adopt a Beach program collects and records debris items monthly and submits data sheets for
inclusion in their marine debris database.

Last year in 2024, Sustainable Coastlines Hawai‘i (SHC) alone removed over 700,000 pounds of
marine debris through large-scale cleanups, restoration efforts, and educational programs. SCH also
promotes hands-on participation through corporate and public cleanup events and provides rental
microplastics sampling kits to foster citizen science and awareness.

Another organization, the Hawai‘i Wildlife Fund (HWF) removes approximately 15-20 tons of marine
debris annually in the Hawaiian Islands, primarily large bundles of net and line. Working with Matson
Navigation and the NOAA Nets-to-Energy program, the recovered material is shipped to O‘ahu, where
it is processed and converted into usable energy. Smaller plastics are either recycled, used in art
projects, or safely disposed of in local landfills.

The Hawai‘i Pacific University’s Center for Marine Debris opened in 2024. It is Hawai‘i’s only marine
debris recycling center operating at full capacity. It transforms foreign trawl nets—originating from
international fisheries banned in local waters—into reusable materials. Recent collaborations include
developing surfboard prototypes using up to 100% recycled fishing nets, demonstrating promising
circular economy solutions for plastic waste.
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Figure 8. Nets found in Hawaiian waters are being recycled into usable products.

Hanauma Bay Nature Preserve Debris Removal Efforts

The City and County of Honolulu’s Department of Environmental Services manage waste collection,
recycling, and disposal. Plastic reduction measures began with the 2015 plastic bag ban, later
strengthened by the Disposable Food Ware Ordinance, which curtails single-use plastics in restaurants
and retail operations. These policies aim to reduce land-based sources of marine debris before they
reach the ocean.

At Hanauma Bay, the City and County of Honolulu’s Department of Parks and Recreation oversees
daily and weekly debris removal operations using both manual collection and mechanized equipment.
Along with the daily regular trash pick-up from the receptacles on the beach, a mechanized vehicle
removes debris from the beach two to three times a week after park hours. Each removal averages
between 30 minutes to one hour depending on the amount and type of debris. The volume of debris
from each collection varies from half to a full trash can weekly excluding larger more common items
including fishing nets, ropes, buoys, and a variety of containers. The amount of land-based debris
collected from the beach is correlated with the tourist season in Hawai‘i. During the summer, winter,
and spring there is substantially more trash than in the fall months. Common locally generated debris
includes sand toys, snorkel gear, and food trash. Foreign marine debris includes lost or discarded
fishing gear from ships.

In addition, the City and County Parks and Recreation also permits community and school groups for
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beach and ocean debris removal approximately 3 to 5 times a month.

Cleanup Operations and Partner Organizations

Ocean Defenders Alliance (ODA)

Since expanding operations to Hawai‘i in 2016, ODA has played a crucial role in underwater and
shoreline cleanups, focusing on ghost gear—Ilost or abandoned fishing nets and lines. In April 2025,
two massive fishing nets were removed from the Hanauma Bay Witches Brew area, alongside over
2,500 pounds of rope and plastic debris. ODA divers regularly clean seven O‘ahu sites, including
Halona Blowhole (adjacent to Hanauma Bay) and Hanauma Bay Nature Preserve, with support from
Aaron’s Dive Shop boats and community volunteers.

o

Figure 9. Monthly ocean cleanups by Ocean Defenders Alliance reveal the large amounts of discarded
fishing gear.

Friends of Hanauma Bay (FOHB)

FOHB has organized quarterly (now triannual) cleanups since 1991, making it the longest-standing

Adopt-a-Park partnership in Honolulu. Following Hanauma Bay’s pandemic closure in 2020, cleanups

resumed with strong volunteer participation from families, community groups, and visitors,

emphasizing stewardship of this protected marine reserve.

Regulatory Efforts-State and County Initiatives

Microplastics and Emerging Research

Microplastics, defined as plastic fragments smaller than 5 millimeters, have become ubiquitous across
marine environments. These particles originate either as primary microplastics—manufactured for
industrial or cosmetic use—or as secondary microplastics that form when larger plastics degrade. Over
time, microplastics further break down into nanoplastics, particles smaller than one micrometer,
invisible to the human eye but capable of infiltrating tissues and food webs.
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Recent EPA studies have identified concerning effects of microplastic exposure on coral species,
including impaired growth, digestive blockage, and energy depletion. Microplastics adhering to coral
tissue may interfere with feeding and prey capture, compounding the effects of ocean warming.
Researchers in Hawai‘i continue to study the rise velocity and behavior of plastics in local seawater
conditions, providing critical data to refine cleanup and mitigation strategies.

Despite these advances, there remains a need for standardized methods to collect, quantify, and
analyze microplastic particles across sediment, water, and biota. Studies are needed for global data
consistency to accurately assess environmental and toxicological impacts.

Future Directions and Recommendations

Enhance Interagency Coordination
Strengthen collaboration among DLNR, NOAA, EPA, and local NGOs to share data and streamline
reporting protocols for debris removal and AIS monitoring.

Community Engagement
Continue to empower local communities through educational outreach, microplastics sampling
programs, and volunteer-driven cleanup initiatives.

Policy Enforcement and Prevention
Build upon existing plastic reduction ordinances by expanding restrictions to additional categories of
single-use plastics and enforcing compliance through regular audits.

Research and Innovation
Work with researchers to keep apprised of microplastic detection technologies, coral impact studies,
and biodegradable material alternatives to minimize future accumulation of synthetic debris.

Conclusion

Marine debris management in Hawai‘i demands an integrated and adaptive approach—one that
balances immediate cleanup efforts with long-term prevention, research, and education. While
progress is evident through the exceptional and diverse cleanup efforts at Hanauma Bay, the continuing
influx of debris underscores the global nature of the problem. Hawai‘i, positioned at the heart of the
Pacific, has historically been both a sentinel and a testing ground for sustainable ocean management.

By strengthening partnerships, promoting innovation, and maintaining vigilance against invasive
species and microplastic contamination, Hawai‘i can continue to lead as a model for marine
stewardship in the Pacific.

Microplastic references

Ahmed, M.B., et al. Microplastic particles in the aquatic environment: a systematic review Sci. Total
Environ. (2021)

Alimba, C.G,. et al. Microplastics in the marine environment: current trends in environmental pollution
and mechanisms of toxicological profile Environ. Toxicol. Pharmacol. (2019)

Béuerlein, P.S., et al. A monitoring and data analysis method for microplastics in marine sediments
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Mar. Environ. Res. (2023)

Microplastic and nanoplastic pollution: Assessing translocation, impact, and mitigation strategies in
marine ecosystems

Nawagz, F., Zia Ul Islam, Sadaf Aslam Ghori, Anila Bahadur, Hamid Ullah, Magsood Ahmad, Ghulam
ullah Khan First published: 10 February 2025 https://doi.org/10.1002/wer.70032

Royer, S.J., K.C. Brignac, F. Ronkay, K. Teague, G. Morris, J. Lynch, L. Lebreton, Rise velocity of
small polyolefin plastics in a seawater tank exposed to natural conditions in Hawai’1i,
Environmental Research Communications, 10.1088/2515-7620/ae¢0876, 7, 9, (095018), (2025).

Task E: Management Recommendations and Presentations
See previous years' recommendations below. 1st quarter recommendations are suggested for marine
debris in Section D. Additional recommendations will be made in the final report.

Key Findings:

These key findings will be used to determine a maximum carrying capacity limit. Currently,
reef, physical space, and visitor satisfaction are sustainable at the current level of
approximately 1,400 visitors a day. The economic sustainability at this level is yet to be
determined.

Year 1: Biological Carrying Capacity: Benthic

* Coral breakage, and human use surveys show a clear pattern of increased breakage
and lower coral cover in the sectors with highest human use.

» Coral distribution and abundance surveys show existing corals are found in cracks and
crevices, at depths greater than human height, on vertical substrate, and comprised of
species that have strong skeletal strengths and morphologies not conducive to
breakage.

* Opverall, water clarity is more heavily driven by anthropogenic influence than
environmental influence. Water visibility was approximately 30% clearer on closed
days than on days open to the public in both summer and winter months.

* Sediment accumulation levels were related to the number of visitors in each sector.

* Long-term Coral Reef Assessment and Monitoring Program (CRAMP) sites, in
areas beyond depths of tramping, show high coral cover.

» Coral growth results show the highest growth rates are in areas that are close to
open water circulation.

» Temperature loggers deployed continuously recorded temperatures across all
5-years exceeding coral thresholds for periods that resulted in coral bleaching in
2019.

Year 2: Biological Carrying Capacity. Fishes

* Fish density and biomass surveys continued throughout the 5-year study to examine
community compositional shifts across differing visitor presence.

* Coral bleaching surveys conducted in all 5 years show extensive bleaching in 2019 but
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Year 3:

rapid recovery in 2020 with little coral mortality contrary to 2014 surveys that resulted in
9.8% coral loss. This is consistent with 2019 Statewide surveys. All eight transects,
except for Keyhole West and Channel West, experienced less bleaching and paling of
corals when compared to previous years. Despite higher occurrence of bleaching within
Keyhole and Channel West during 2020 surveys, results show no overall mortality. Corals
most susceptible to bleaching in 2020 were the lace coral, ocellated coral, and rice coral.
All but 5% of surveyed corals recovered completely by the April 2021 coral health
surveys.

All sectors significantly decreased in average size of coral colonies from 2017 to April
2020. Since April 2020, no significant differences in average colony size within the
inner reef flat of Hanauma Bay have been detected. Increase in number of small sized
colonies was attributed to partial mortality and fragmentation of larger colonies over
time rather than new recruitment.

Biological Carrying Capacity: Organism and System Recovery

During the COVID 19 closure, the Hanauma Bay Biological Carrying Capacity Study
shifted its focus to determine the changes in fish and coral communities in the absence
of visitors. This temporary closure provided the rare opportunity to examine differences
in the biological communities with and without visitor impacts and separate other
extraneous factors.

The Bay was 56% clearer during the COVID-19 closure than on days open to the public
in 2018, and 8.9% clearer during the COVID-19 closure than on Tuesdays in 2018 when
closed to the public. Water clarity during the COVID-19 closure was not different from
that of closed days to the public in 2018 in any sector except Witches Brew. The lack of
a strong significant difference between the two closures, COVID-19 and Tuesdays in
2018, suggests that sediments are not being suspended in the water column for longer
than 24 hours. Within all sectors, water clarity was significantly greater during the
COVID-19 closure when compared to after the reopening of the Bay to the public.

Fish abundance and biomass surveys show significant changes in density, biomass, size
class, diversity, and evenness of fish populations observed between closed days to the
public prior to the closure, during the COVID-19 closure to the public, and after the
Bay was reopened to the public at 25% capacity.

The green turtle population was monitored and compared to prior records from

NOAA observations. Similarly, the presence of green turtles was not influenced by

the

number of visitors present on the beach. Turtle populations are low with few turtles found
on the shallow reef flat. Higher historical numbers may be indicative of current higher
monk seal presence.

There was a 44% increase in the presence of monk seals during the closure (not
statistically significant) when compared to prior to the closure. After the Bay was
reopened to the public at 25% capacity, the abundance of monk seals decreased by 87%
(significant). Box office visitor counts were not found to relate to monk seal presence.
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Year 4:

Year 5:

Annual coral bleaching (October 2020) and recovery (March 2021) surveys were
conducted, and automatic water temperature sensors were downloaded (March 2021)
and replaced, consistent across all 5 years.

Social Carrying Capacity

Demographics show visitors surveyed were mainly non-local (87%) with 68% first
time visitors. Visitors were mostly female (55%) and the most common age group was
between 16-30 years old (45%). English was the primary language for 89% of visitors.
The majority of visitors were White (51%) or Asian (33%) and 80% of visitors came
from the U.S. mainland. A Bachelor’s degree was the most common level of education
(39%) among visitors and the majority of visitors (57%) had an annual income over
$90,000/yr.

Visitors were most excited to see different types of fishes (48%). 83% of visitors
were satisfied with the marine life they experienced.

The majority of visitors (74%) observed others contacting the reef one or more times.
This was verified by our simultaneous study (Murphy 2021) that similarly showed
that one in every two snorkelers contacted the reef in the Keyhole and Backdoor
sectors.

Channel and Keyhole were the most used sectors of the Bay comprising 94% of

all visitors and Channel alone comprised 57% of all snorkelers in the Bay.

The most popular activity was relaxing or sunbathing on the beach (55%). The Channel
sector had the highest number of visitors for each of the three activities: standing in
water, swimming/snorkeling, and on the beach. The main activity that attracted visitors
to Hanauma Bay was snorkeling (88%) however 14% of visitors had never snorkeled
before.

Nearly half of the visitors (49%) did not believe Hanauma Bay could accommodate more
visitors. Conversely, 57% of visitors did not believe the number of guests negatively
affected their experience. The majority of visitors queried about crowding did not
believe there were too many people in the water (54%) or on the beach (53%) during
their visit.

The educational video was considered effective at providing useful information to 84%
of visitors whereas the SeaGrant kiosk was only considered effective to 51% of visitors.
The entrance fee into the Bay was considered appropriate by 75% of visitors, some of
which were residents or military who were exempt.

Factors that may influence responses to the surveys were also explored. Daily weather
measurements were recorded, and beach count photos were obtained hourly along with
box office counts to determine usage and distribution of visitors at the Bay.

Physical Carrying Capacity

Six sets of physical carrying capacity questions were created for management,
education, maintenance/grounds workers, lifeguards, docents, and all other employees
(clerical, box office etc.).



» Feedback across all groups indicate satisfaction with the current number of visitors.
Responses indicate staffing appears to be sufficient in most areas; however,
maintenance and cashier employees feel a need for increased staffing. A limited number
of responses recommend increased security. At present there appears to be sufficient
space to accommodate the current level of visitors. Overall, across departments,
employee and docent satisfaction is high.

* Repeated responses suggest increased training for security, website additions to visitor
information, unified messaging from docents to visitors, and increased communication.

* In addition to the questionnaires, indoor areas of Hanauma Bay were measured using
a laser range finder, and outdoor areas were calculated using Google Earth. Indoor
room measurements were cross checked with City and County room capacity signs
and box office counts to ensure the capacity is not exceeded.

» The Pacific Islands Ocean Observing System (PaclOOS) website has sea level rise
prediction models of 0.5ft, 1.11t, 2.0ft, and 3.1ft. These models were combined with
satellite imagery of Hanauma Bay to depict how the usable beach area will change with
each prediction. The surface area of the 0.5ft model was measured showed an 88.2%
decrease in usable beach area compared to present levels during king tide events. These
king tides occurred over the course of six days in the summer months of 2022.
According to sea level rise predictions, the 0.5ft scenario is predicted by 2030.

Year 6: Biological Carrying Capacity

* Coral bleaching was low based on transect surveys and temperature data.

» Abundance of endemic fishes is similar to the rest of the State of Hawai‘i.

* Abundance, biomass, and diversity of fishes remain fairly constant across years.

» Fish foraging and aggression both decrease with the increase of visitors.

+ Study shows behavior of fishes is related to size, species, distance from people,
reef complexity, and the number of people in the water.

* A species photo and descriptive archive was developed for over 200 fish,
invertebrates, and seaweeds.

Year 7: Carrying Capacity Study
Available July 31, 2026

Acknowledgements

We are extremely grateful to the City and County of Honolulu for supporting this research. We
acknowledge Joann Beall and Lynette Liu in providing site access and accommodations. These
surveys would not have been possible without the help of Coral Reef Ecology Lab members and
volunteers: George Balazs, Kosta Stamoulis (Ph.D.), Anita Tsang, Ji-Hoon Justin Han, Yuko
Stender, Jia Cashon, Maile Coberly, Natalie Goeler-Slough, Tina Lo, Jeida Ostrowski, and Tiana
Tomoda-Bannert.

24



Hanauma Bay Research Timeline
Year 1:
*  Social/Ecological Capacity:
o Compiled and annotated recent and historical literature.
» Ecological Capacity:
o Compiled historical data sets.
o Conducted Assessments:
* Quantified human use and identified high use areas of the inner reef flat
as well as documenting human activities.
= Quantified levels of human trampling on coral skeletons placed
throughout the inner reef flat, sedimentation and water clarity, and
determined the relationship to human use in each area.
o Conducted Annual Monitoring:
= Monitored corals within 8 transects established during the 2015/2016
coral bleaching event.
= Resurveyed 3 yd and 10 yd Coral Reef Assessment and Monitoring
Program long-term monitoring sites.
= Analyzed seawater temperature data.
Year 2:
» Ecological Capacity:
o Conducted Assessments:
= Fish abundance, biomass and species count surveys on inner reef flat.
= Gathered historical fish data and visitor use data within Hanauma Bay
and determined if there are any patterns over time.
o Conducted Annual Monitoring:
= Monitored corals within 8 transects established during the 2015/2016
coral bleaching event.
= Analyzed seawater temperature data.
Year 3:
= Ecological Capacity:
o Conduct Assessments:
= Determine changes within HBNP between the COVID-19 closure
and reopening to visitors in relation to:
* Fish density, biomass and diversity
* Fish behavior and foraging rates
 Fish Flight Initiation distance
* Adult coral growth rates
* Coral recruitment and survival rates
* Rates of sediment accumulation
*  Water clarity
* Green turtle density
* Hawaiian Monk Seal density
o Conducted Annual Monitoring:
= Annual monitoring of 8 inner reef transects established during
the 2015/2016 coral bleaching event.

* Annual survey of 3 m and 10 m depth CRAMP long-term monitoring sites.

= Annual analysis of seawater temperature data.
Year 4:
* Social Capacity:
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o Social surveys conducted during peak summer and winter season to determine
the social carrying capacity.
o Determine an effective educational plan for rapidly and effectively reaching
multicultural visitors.
» Ecological Capacity Monitoring:
o Annual monitoring of 8 inner reef transects established during the
2015/2016 coral bleaching event.
o Annual analysis of seawater temperature data.
Year 5:
* Facilities Capacity:
o Six sets of survey questions established and anonymously given to facilities
crews to determine adequacy of facilities to accommodate current usage.
» Physical Capacity:
o Calculate the number of people that can physically occupy Hanauma Bay
while complying with health or safety codes.
o Predicted sea level rise at the Bay using the Pacific Islands Ocean
Observing System (PaclOOS) model.
o Ecological Capacity Monitoring:
= Annual monitoring of 8 inner reef transects established during the
2015/2016 coral bleaching event.
= Annual analysis of seawater temperature data.
Year 6:
* Ecological Capacity Monitoring:
o Annual monitoring of 8 inner reef transects established during the
2015/2016 coral bleaching event.
o Conducted fish transect surveys for abundance and biomass.
= Fish behavior measured through flight distances
o Species Archive created for educational purposes
o Annual analysis of seawater temperature data.
Year 7 (2025/2026):
* Ecological Monitoring
o Conducted fish transect surveys for abundance and biomass
= Fish behavior measured through flight distances
*  Water Quality
o Water clarity
o Annual analysis of seawater temperature data
* Human impact from trampling
o Annual monitoring of 8 inner reef transects established during the
2015/2016 coral bleaching event
* Composition of substrates
o Composition: carbonate vs. terrigenous fractions
= Different depths
* Species Inventory
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Appendix A. Species Inventory

Fishes

Table 1. Fish species witnessed in Hanauma Bay between the years of 2015-2025. Endemic fishes in bold.

Scientific N

Abudefduf abdominalis

Abudefduf sordidus

Abudefduf vaigiensis
Acanthuridae sp.
Acanthurus achilles

Acanthurus blochii
Acanthurus dussumieri
Acanthurus guttatus
Acanthurus leucopareius
Acanthurus nigricans
Acanthurus nigrofuscus

Acanthurus nigroris

Acanthurus olivaceus

Acanthurus thompsoni

Acanthurus triostegus

Acanthurus xanthopterus
Aetobatus narinari
Albula glossodonta

Albula sp.
Albula virgata

Aluterus scriptus

Anampses chrysocephalus

Anampses cuvier
Aphareus furca
Apogon menesemus
Apogon sp.
Apolemichthys arcuatus
Aprion virescens
Arothron hispidus
Arothron meleagris

Aulostomus chinensis

Common Name¢

Green damselfish; Hawaiian
sergeant

Black-spot sergeant /
Blackspot damselfish

Indo-Pacific sergeant
(five-banded sergeant)

Surgeonfish / tang
(family-level)

Achilles tang

Ringtail surgeonfish (Bloch’s
surgeonfish)

Eyestripe surgeonfish
Whitespotted surgeonfish

Whitebar surgeonfish

Whitecheek / Black
surgeonfish

Brown surgeonfish

Bluelined surgeonfish

Orange-spot / Orange-band
surgeonfish

Thompson’s surgeonfish

Convict surgeonfish / Convict
tang

Yellowfin surgeonfish
Whitespotted / Spotted eagle
ray

Roundjaw / Short-jaw
bonefish

Bonefish (genus)
Longjaw bonefish / ‘O‘io
Scrawled filefish
Red-head wrasse

Pearl wrasse

Small-tooth jobfish /
Fork-tailed jobfish

(cardinalfish)

Cardinalfish (genus)
Arched / Banded angelfish
Green jobfish

‘White-spotted puffer

Guineafowl puffer/
Honeycomb puffer

Trumpetfish

Family

Pomacentridae

Pomacentridae

Pomacentridae
Acanthuridae
Acanthuridae

Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae

Acanthuridae

Acanthuridae

Acanthuridae

Acanthuridae

Acanthuridae
Myliobatidae
Albulidae
Albulidae
Albulidae
Monacanthidae
Labridae
Labridae
Lutjanidae
Apogonidae
Apogonidae
Pomacanthidae
Lutjanidae
Tetraodontidae
Tetraodontidae

Aulostomidae

Distributi

Central/Eastern Pacific —
Hawaii, Polynesia

Indo-Pacific

Widespread Indo-Pacific

Central/Eastern Pacific,
Indo-Pacific

Indo-Pacific
Indo-Pacific
Indo-Pacific
Central Pacific
Indo-Pacific
Indo-Pacific

Pacific Islands

Indo-Pacific
Central Pacific
Widespread Indo-Pacific

Indo-Pacific

Tropical/warm seas
worldwide

Indo-Pacific

Pacific regions

Tropical/subtropical oceans

Indo-Pacific
Indo-Pacific

Indo-Pacific

Indo-Pacific

Tropical Pacific
Indo-Pacific

Tropical seas worldwide
Indo-Pacific

Indo-Pacific

DNotes

Local name: kuipipi (Hawaii).
Sometimes 'Hawaiian sergeant'

Common group name 'sergeant’
used across Abudefduf species

Sometimes confused with other
sergeant species

Family-level entry
Aquarium trade name widely used

Common in field guides

Distinctive eyestripe

Also 'spotted surgeonfish'

Less common name; regional
Common names vary regionally
Sometimes 'white-band surgeonfish'

Close to other Acanthurus species

Multiple regional common names
Not widely used common name
Very distinctive black vertical bars

Also 'yellowfin tang'

Species complex; names vary

Bonefish group; Hawaiian name
P
6‘io

Genus-level entry

Bonefish complex, cryptic species
Also 'scribbled leatherjacket'

Also 'golden-head wrasse'
Sometimes 'Cuvier’s wrasse'
Important food fish

No widely used common name
Genus-level entry

Regional variation

Also marketed as 'jobfish'
Regional names; aquarium species
Aquarium species

Commonly called trumpetfish
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Endemism

Endemic

Indigenous

Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous

Indigenous

Indigenous
Indigenous
Indigenous

Indigenous
Indigenous

Indigenous

Undetermine
d

Endemic
Indigenous
Endemic
Endemic
Indigenous
Unknown
Unknown
Indigenous
Indigenous
Indigenous
Indigenous

Indigenous



Balistidae sp.

Belonidae

Blenniella gibbifrons
Blenniidae sp.

Bodianus albotaeniatus
Bothus mancus
Calotomus carolinus
Calotomus sp.
Calotomus zonarchus
Cantherhines dumerilii
Cantherhines sandwichiensis
Canthigaster amboinensis
Canthigaster coronata
Canthigaster jactator
Carangidae sp.
Carangoides ferdau
Carangoides orthogrammus
Caranx ignobilis

Caranx melampygus
Caranx sexfasciatus
Centropyge loricula

Centropyge potteri

Cephalopholis argus

Chaetodon auriga

Chaetodon citrinellus

Chaetodon ephippium
Chaetodon fremblii

Chaetodon kleinii

Chaetodon lineolatus

Chaetodon lunula

Chaetodon lunulatus

Chaetodon miliaris
Chaetodon multicinctus

Chaetodon ornatissimus

Chaetodon quadrimaculatus

Triggerfish (family)
Needlefishes (family)
Humphead blenny
Blenny (family)
Hawaiian hogfish
Peacock flounder
Stareye parrotfish
Parrotfish (genus)
Yellowbar parrotfish
Whitespotted filefish
Hawaiian whitespotted filefish
Ambon toby

Crown toby
Hawaiian toby

Jacks / trevallies (family)
Blue trevally

Island trevally

Giant trevally
Bluefin trevally
Bigeye trevally
Flame angelfish

Potter’s angelfish

Peacock grouper, Blue-spotted
grouper

Threadfin butterflyfish

Speckled butterflyfish

Saddleback butterflyfish
Bluestripe butterflyfish

Sunburst butterflyfish, Brown
butterflyfish

Lined butterflyfish

Raccoon butterflyfish

Redfin butterflyfish

Milletseed butterflyfish
Pebbled butterflyfish

Ornate butterflyfish

Fourspot butterflyfish

Balistidae
Belonidae
Blenniidae
Blenniidae
Labridae
Bothidae
Scaridae
Scaridae
Scaridae
Monacanthidae
Monacanthidae
Tetraodontidae
Tetraodontidae
Tetraodontidae
Carangidae
Carangidae
Carangidae
Carangidae
Carangidae
Carangidae
Pomacanthidae

Pomacanthidae

Indo-Pacific;
invasive in
Hawai‘i

Indo-Pacific

Indo-Pacific

Indo-Pacific

Endemic to
Hawai‘i

Indo-Pacific

Indo-Pacific

Indo-Pacific

Central Pacific

Endemic to
Hawai‘i

Endemic to
Hawai‘i

Indo-Pacific

Central Pacific
(Hawai‘i,

Tropical and temperate seas

Indo-Pacific

Hawaiian Islands

Indo-Pacific
Indo-Pacific

Hawaii
Indo-Pacific
Hawaii
Indo-Pacific
Indo-Pacific

Hawaii

Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific
Pacific Islands

Hawaii

Serranidae

Chaetodontidae

Chaetodontidae

Chaetodontidae

Chaetodontidae

Chaetodontidae

Chaetodontidae

Chaetodontidae

Chaetodontidae

Chaetodontidae

Chaetodontidae

Chaetodontidae

Chaetodontidae

Family-level entry
Family-level entry
Small reef blenny
Family-level entry
**Endemic to Hawaii**
Camouflaged flatfish
Important reef grazer
Genus-level entry
**Endemic to Hawaii**
Common reef fish
**Endemic to Hawaii**
Small pufferfish
Distinctive coloration
**Endemic to Hawaii**
Family-level entry
Common jack species
Also called 'longnose trevally'
Important sport fish
Hawaiian name: omilu
Also called bigeye jack
Common aquarium fish

**Endemic to Hawaii**

Aggressive predator, introduced to

Hawai‘i in 1950s.
Widespread; long trailing dorsal
filament.

Feeds on algae and coral polyps.

Distinct black saddle patch with
trailing filament.

Striking blue body stripes.
Omnivorous; tolerant of turbid
habitats.

One of the largest butterflyfish.

Nocturnal feeder; eye mask
resembles raccoon.

Closely related to C. trifasciatus;
red posterior fin.

Yellow with black spots; one of

Hawai‘i’s most common reef fish.

Small, territorial; feeds on coral
polyps.

Brightly patterned; obligate
corallivore.

Two large spots on each side; coral

feeder.
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Unknown
Unknown
Indigenous
Unknown
Endemic
Indigenous
Indigenous
Unknown
Endemic
Indigenous
Endemic
Indigenous
Endemic
Endemic
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous

Endemic

Introduced

Indigenous

Indigenous

Indigenous
Endemic

Indigenous

Indigenous

Indigenous

Indigenous

Endemic
Endemic

Indigenous

Indigenous



Chaetodon reticulatus

Chaetodon trifasciatus
Chaetodon unimaculatus

Chanos chanos

Cheilio inermis
Chlorurus perspicillatus
Chlorurus spilurus
Chromis agilis

Chromis hanui

Chromis ovalis
Chromis vanderbilti

Chromis verater

Cirrhilabrus jordani

Cirrhitops fasciatus

Cirrhitus pinnulatus
Cirripectes obscurus

Cirripectes vanderbilti

Conger cinereus
Coris ballieui

Coris flavovittata
Coris gaimard

Coris venusta
Ctenochaetus hawaiiensis
Ctenochaetus strigosus

Dascyllus albisella

Decapterus macarellus

Diodon holocanthus
Diodon hystrix

Echidna nebulosa
Elops hawaiensis

Entomacrodus marmoratus

Exallias brevis

Fistularia commersonii

Reticulated butterflyfish

Melon butterflyfish
Teardrop butterflyfish
Milkfish

Cigar wrasse

Spectacled parrotfish
Pacific steephead parrotfish

Agile chromis

Blackfin chromis

Oval chromis
Vanderbilt’s chromis

Blackfin chromis

Flame wrasse

Redbarred hawkfish
Stocky hawkfish

Obscure blenny
Vanderbilt’s blenny
Moustache conger
Blackside wrasse
Yellowstripe coris

Yellowtail coris

Elegant coris

Chevron tang

Kole tang, Goldring
surgeonfish

Hawaiian dascyllus

Mackerel scad (Opelu)
Longspined porcupinefish

Spotfin porcupinefish

Snowflake moray
Hawaiian ladyfish

Marbled rockskipper

Leopard blenny

Bluespotted cornetfish

Johnston)

Central &
western Pacific

Indian Ocean to
central Pacific

Indo-Pacific
Indo-Pacific

Indo-Pacific

Endemic to
Hawai‘i

Indo-Pacific

Central Pacific

Endemic to
Hawai‘i

Central Pacific
Endemic to
Hawai‘i
Hawai‘i,
Johnston

Endemic to
Hawai‘i

Hawai‘i, central
Pacific

Indo-Pacific
Endemic to
Hawai‘i
Endemic to
Hawai‘i

Indo-Pacific
Endemic to
Hawai‘i
Endemic to
Hawai‘i

Indo-Pacific

Central Pacific

Endemic to
Hawai‘i
Endemic to
Hawai‘i
Endemic to
Hawai‘i

Indo-Pacific
Tropical
Indo-Pacific
Circumtropical

Indo-Pacific
Endemic to
Hawai‘i

Endemic to
Hawai‘i

Indo-Pacific

Indo-Pacific;
invasive in

Chaetodontidae

Chaetodontidae
Chaetodontidae

Chanidae
Labridae

Scaridae
Scaridae

Pomacentridae

Pomacentridae

Pomacentridae
Pomacentridae

Pomacentridae

Labridae

Cirrhitidae
Cirrhitidae
Blenniidae
Blenniidae
Congridae
Labridae

Labridae
Labridae

Labridae
Acanthuridae
Acanthuridae

Pomacentridae

Carangidae

Diodontidae
Diodontidae

Muraenidae
Elopidae

Blenniidae

Blenniidae

Fistulariidae

Net-like body pattern.

Similar to C. lunulatus.
Large dark spot on side.

Important aquaculture species.

Long, cigar-shaped body; variable
coloration.
Large size, distinct “spectacle”

markings.

Strong beak for scraping algae.
Small schooling damselfish.
Small, dark fins, reef-associated.

Planktivorous.
Small planktivore, deep reef slopes.

Found in deeper reef habitats.

Males are bright red/orange;
aquarium trade value.

Perches on corals, ambush predator.

Robust bodys; sits on substrate.
Algae grazer, tidepools and reefs.

Reef-associated algae feeder.

Burrow-dwelling eel.

Large wrasse, feeds on
invertebrates.

Distinct juvenile coloration.

Brilliant red adult coloration.

Rare, deeper reefs.
Juveniles have chevron stripes.
Very common; algae grazer.

Forms aggregations around corals.

Important food fish in Hawai‘i.

Inflates body with spines extended.
Larger than D. holocanthus.

Distinctive yellow/black pattern.
Coastal species, little studied.

Tidepool specialist.

Corallivore.

Long, slender body.
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Unknown
Indigenous
Indigenous

Indigenous

Endemic
Unknown

Indigenous

Endemic

Endemic
Indigenous

Endemic

Endemic

Endemic

Indigenous
Endemic

Indigenous

Indigenous
Endemic

Endemic
Indigenous

Endemic
Endemic
Endemic

Endemic

Indigenous

Indigenous
Indigenous

Indigenous
Endemic

Endemic

Indigenous

Indigenous



Forcipiger flavissimus

Forcipiger longirostris
Gnatholepis knighti
Gobiidae sp.

Gomphosus varius
Gymnomuraena zebra
Gymnothorax eurostus
Gymnothorax flavimarginatus
Gymnothorax javanicus
Gymnothorax meleagris
Gymnothorax nudivomer

Gymnothorax sp.

Gymnothorax steindachneri
Gymnothorax undulatus
Halichoeres ornatissimus
Hemiramphus sp.
Hemitaurichthys polylepis

Hemitaurichthys thompsoni

Heniochus diphreutes

Heteropriacanthus cruentatus
Iniistius aneitensis

Iniistius umbrilatus
Istiblennius zebra

Kubhlia sandvicensis
Kuhlia xenura

Kyphosus sp.

Kyphosus vaigiensis
Labridae sp.

Labroides phthirophagus
Lactoria fornasini

Lutjanus fulvus

Lutjanus kasmira

Lutjanus sp.
Macropharyngodon geoffroy

Malacanthus brevirostris

Yellow longnose butterflyfish

Longnose butterflyfish
Knight’s goby

Gobies

Bird wrasse

Zebra moray

Stout moray
Yellow-edged moray
Giant moray
Whitemouth moray
Starry moray

Moray eel (unspecified)

Peppered moray
Undulated moray

Christmas wrasse

Halfbeaks

Pyramid butterflyfish

Thompson’s butterflyfish

Schooling bannerfish

Glasseye, Bigeye soldierfish
Yellow razorfish

Razorfish; Coronet razorfish
Zebra blenny

Hawaiian flagtail; 'aholehole’
Xenura flagtail

Sea chubs (rudderfishes)
Brassy chub; Brassy drummer
Wrasse (family)

Hawaiian cleaner wrasse

Fornasini boxfish; Thornback
cowfish

Blacktail snapper, To‘au

Bluestripe snapper, Ta‘ape

Snapper (Lutjanus spp.)
Geoffroy's wrasse

Shorthead tilefish

Mediterranean

Indo-Pacific

Indo-Pacific

Central Pacific

Global, diverse
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific

Global tropics

Endemic to
Hawai‘i

Indo-Pacific
Indo-Pacific
Tropical seas

Indo-Pacific

Endemic to
Hawai‘i

Indo-Pacific

Circumtropical
Indo-Pacific
Labridae
Blenniidae
Kuhliidae
Kuhliidae
Kyphosidae
Kyphosidae
Labridae
Labridae
Ostraciidae

Lutjanidae
Lutjanidae

Lutjanidae
Labridae

Malacanthidae

Chaetodontidae

Chaetodontidae
Gobiidae
Gobiidae
Labridae
Muraenidae
Muraenidae
Muraenidae
Muraenidae
Muraenidae
Muraenidae

Muraenidae

Muraenidae
Muraenidae
Labridae

Hemiramphidae

Chaetodontidae

Chaetodontidae

Chaetodontidae

Priacanthidae

Labridae

Indo-Pacific
Indo-Pacific

Hawaii

Indo-Pacific
Tropical/subtropical seas
Indo-Pacific

Hawaii

Indo-Pacific

Indo-Pacific

Indo-Pacific (introduced in
Hawaii)

Indo-Pacific

Indo-Pacific

Very long snout.

Snout even longer than F.
flavissimus.

Sandy habitats.

Small benthic fishes, varied
ecology.

Long snout; sexual dimorphism.
Feeds mainly on crustaceans.
Coastal, cryptic species.

Large, aggressive.

Largest moray species.

White mouth lining.

White star-like spots.

Generic reference to unidentified
species.

Rare, cryptic.
Aggressive; striking pattern.

Brilliantly colored.

Surface feeders; elongated lower
jaw.

Forms large midwater schools.

Planktivorous, schooling.

Forms large schools, often confused
with Moorish idol.

Nocturnal predator on small fishes
and crustaceans.

Buries in sand when threatened.
Elusive, sandy habitats.
Tidepool resident, algae grazer.
Juveniles common in estuaries.
Rare, stream-associated.
Herbivorous schooling fish.
Forms large schools, herbivore.
Highly diverse reef family.

Cleans parasites from other fishes.

Boxfish with long spines.

Important food fish.

Schooling; invasive in Hawai‘i.

Generic reference to unidentified
species.

Colorful reef wrasse.

Builds sand mounds, burrows.
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Indigenous
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Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous

Unknown

Endemic
Indigenous
Indigenous
Unknown

Indigenous

Indigenous

Indigenous

Indigenous
Indigenous
Endemic
Endemic
Endemic
Endemic
Endemic
Indigenous
Unknown
Endemic
Indigenous

Introduced
Introduced

Unknown
Endemic

Indigenous



Melichthys niger

Melichthys vidua

Microcanthus strigatus
Monotaxis grandoculis

Mugil cephalus

Mullidae sp.

Mulloidichthys flavolineatus
Mulloidichthys pfluegeri
Mulloidichthys vanicolensis
Myripristis amaena
Myripristis berndti
Myripristis kuntee
Myripristis sp.

Myripristis vittata

Naso brevirostris

Naso hexacanthus

Naso lituratus

Naso sp.

Naso unicornis

Neomyxus leuciscus
Neoniphon aurolineatus
Neoniphon sammara
Novaculichthys taeniourus
Ostracion meleagris
Oxycheilinus bimaculatus
Oxycheilinus unifasciatus
Paracirrhites arcatus
Paracirrhites forsteri
Parupeneus cyclostomus
Parupeneus insularis
Parupeneus multifasciatus

Parupeneus pleurostigma

Parupeneus porphyreus
Pervagor aspricaudus

Pervagor spilosoma

Black triggerfish; Black
durgon

Pinktail triggerfish; Vidua
triggerfish

Stripey; Footballer
Humpnose big-eye;
Humpnose emperor
Flathead grey mullet; Striped
mullet

Goatfishes (family)
Yellowstripe goatfish
Pflueger's goatfish
Yellowfin goatfish
Blotcheye soldierfish

Bigscale soldierfish

Shoulderbar soldierfish

Soldierfish (genus)

Striped soldierfish; Whitespot
soldierfish

Spotted unicornfish;
Hump-nosed unicornfish

Elongate unicornfish; Spotted
unicornfish (juveniles)

Orangespine unicornfish;
Naso tang

Bluespine unicornfish;
Unicorn surgeonfish

Sharpjaw mullet; Leaping
mullet

Yellowstriped squirrelfish
Sammara squirrelfish
Rockmover wrasse
Whitespotted boxfish
Eclipse wrasse
Ringtail wrasse
Arc-eye hawkfish
Forster’s hawkfish
Yellowfin goatfish
Stippled goatfish
Manybar goatfish

Sidespot goatfish
Red goatfish
Sharpnose filefish

Spotted filefish

Balistidae

Balistidae

Microcanthidae
Lethrinidae
Mugilidae
Mullidae
Mullidae
Mullidae
Mullidae
Holocentridae
Holocentridae

Holocentridae

Holocentridae

Holocentridae

Acanthuridae

Acanthuridae

Acanthuridae

Acanthuridae
Mugilidae
Indo-Pacific
Indo-Pacific

Indo-Pacific

Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific

Indo-Pacific

Endemic to
Hawai‘i

Indo-Pacific

Indo-Pacific

Endemic to
Hawai‘i

Indo-Pacific

Indo-Pacific

Indo-Pacific

Indo-Pacific
Indo-Pacific

Indo-Pacific

Worldwide
tropical/subtropical

Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific

Indo-Pacific

Indo-Pacific

Indo-Pacific

Indo-Pacific

Indo-Pacific

Indo-Pacific

Indo-Pacific

Indo-Pacific
Holocentridae
Holocentridae
Labridae
Ostraciidae
Labridae
Labridae
Cirrhitidae
Cirrhitidae
Mullidae
Mullidae
Mullidae

Mullidae

Mullidae
Monacanthidae

Monacanthidae

Planktivorous; forms schools.

Distinctive pink tail.
Bold vertical stripes.

Common food fish.

Important food fish, estuarine
habitats.

Benthic foragers with barbels.
Forms schools; food fish.
Common reef goatfish.
Schooling species.

Large soldierfish, nocturnal.

Common on deeper reefs.

Recognizable by black dorsal fin

tip.

Generic identification.

Pale-tipped fins.

Short horn; algae grazer.

Slender, long caudal filaments.

Popular aquarium species.

Generic reference.

Large herbivore.

Coastal habitats.
Bright lateral stripe.
Large schools, noisy.

Moves rocks to find prey.

Males and females differently
patterned.

Changes color with age.
White ring near tail base.
Perches on corals.

Large, common hawkfish.

Also called Weke‘ula in Hawai‘i.

Dusky spots on body.
Distinctive banding.

Dark spot on body side.

Cultural significance; ‘Kumu’.

Small, cryptic species.

Feeds on algae and soft corals.
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Indigenous
Indigenous

Indigenous
Indigenous
Unknown

Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous

Unknown

Indigenous

Indigenous

Indigenous

Indigenous

Unknown

Indigenous

Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Indigenous

Indigenous

Endemic
Indigenous

Indigenous



Plagiotremus ewaensis

Plagiotremus goslinei

Platybelone argalus

Plectroglyphidodon imparipennis

Plectroglyphidodon johnstonianus

Plectroglyphidodon sindonis

Polydactylus sexfilis

Priacanthus meeki
Priacanthus sp.
Pristiapogon kallopterus
Pristiapogon taeniopterus
Pseudocheilinus evanidus
Pseudocheilinus octotaenia
Pseudocheilinus tetrataenia
Pseudojuloides cerasinus
Ptereleotris heteroptera

Rhinecanthus aculeatus

Rhinecanthus rectangulus
Sargocentron ensifer
Sargocentron punctatissimum
Sargocentron spiniferum
Sargocentron tiere
Sargocentron xantherythrum

Scaridae sp.

Scarus dubius

Scarus psittacus

Scarus rubroviolaceus
Scomberoides lysan
Sebastapistes coniorta
Selar crumenophthalmus
Seriola dumerili

Seriola rivoliana
Sphyraena barracuda
Sphyraena helleri

Spratelloides delicatulus

Stegastes marginatus

Blue-stripe fangblenny

Gosline’s fangblenny

Keeltail needlefish

Imparipinnate damselfish

Johnstone’s damselfish

Blackbar damselfish
Sixfinger threadfin
Hawaiian bigeye
Bigeyes

Spotfin cardinalfish

Taeniopterus cardinalfish

Vanish wrasse
Eightline wrasse
Fourline wrasse
Smalltail wrasse
Blue dartfish

Picasso triggerfish

Reef triggerfish

(Humuhumunukunukuapua‘a)

Longjaw squirrelfish
Spotfin squirrelfish

Sabre squirrelfish
Sammara squirrelfish
Yellowstriped squirrelfish

Parrotfishes

Hawaiian parrotfish
Common parrotfish
Ember parrotfish
Doublespotted queenfish
Spotted scorpionfish
Bigeye scad (Akule)
Greater amberjack
Almaco jack

Great barracuda

Heller’s barracuda

Delicate round herring

Hawaiian gregory

Endemic to
Hawai‘i

Endemic to
Hawai‘i

Circumtropical

Indo-Pacific

Central Pacific

Endemic to
Hawai‘i

Indo-Pacific

Endemic to
Hawai‘i

Circumtropical
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific

Indo-Pacific

Endemic to
Hawai‘i

Indo-Pacific

Indo-Pacific

Endemic to
Hawai‘i

Indo-Pacific
Indo-Pacific
Indo-Pacific

Indo-Pacific

Endemic to
Hawai‘i

Indo-Pacific

Endemic to
Hawai‘i

Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific
Circumtropical
Circumtropical
Circumtropical
Indo-Pacific

Indo-Pacific

Endemic to
Hawai‘i

Blenniidae

Blenniidae

Belonidae

Pomacentridae

Pomacentridae

Pomacentridae

Polynemidae

Priacanthidae
Priacanthidae
Apogonidae
Apogonidae
Labridae
Labridae
Labridae
Labridae
Microdesmidae

Balistidae

Balistidae

Holocentridae
Holocentridae
Holocentridae
Holocentridae
Holocentridae

Scaridae

Scaridae
Scaridae
Scaridae
Carangidae
Scorpaenidae
Carangidae
Carangidae
Carangidae
Sphyraenidae
Sphyraenidae
Clupeidae

Pomacentridae

Mimics cleaner wrasses.

Rare, sand slope habitats.

Pelagic predator.

Aggressive territorial damselfish.

Reef damselfish.

Very territorial.

Important food fish.

Bright red coloration.
Generic identification.
Often found in schools.
Shelters in caves.

Elusive, cryptic coloration.
Bright horizontal stripes.
Small cryptic wrasse.
Delicate, pinkish.

Hover in pairs.

Colorful, bold pattern.

Hawai‘i’s state fish.
Elongated jaw.

Distinct fin spot.

Large, aggressive species.
Locally abundant.

Hawaiian endemic population.

Important reef grazers.

Also called Uhu.

One of the most abundant species.

Large terminal phase males.
Predatory pelagic.
Camouflaged ambush predator.
Important local fishery.

Large pelagic predator.
Pelagic, associated with reefs.
Large, solitary predator.

Schooling species.

Forage fish, prey for larger fishes.

Territorial damselfish.
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Endemic
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Indigenous

Indigenous

Endemic

Indigenous

Endemic
Unknown
Unknown
Unknown
Indigenous
Indigenous
Indigenous
Endemic
Indigenous

Indigenous

Indigenous
Indigenous
Indigenous
Indigenous
Indigenous
Endemic
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Indigenous
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Indigenous
Indigenous
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Stethojulis balteata
Sufflamen bursa
Sufflamen fraenatus
Synodontidae sp.
Synodus binotatus
Synodus ulae

Synodus variegatus
Thalassoma ballieui

Thalassoma duperrey
Thalassoma lutescens
Thalassoma purpureum
Thalassoma quinquevittatum
Thalassoma trilobatum
Triaenodon obesus
Tylosurus crocodilus
Upeneus arge

Xanthichthys auromarginatus
Xanthichthys mento
Xyrichtys sp.

Zanclus cornutus
Zebrasoma flavescens

Zebrasoma veliferum

Belted wrasse
Bursa triggerfish
Bridled triggerfish
Lizardfishes
Two-spot lizardfish
Ulae lizardfish

Variegated lizardfish
Belted wrasse

Saddle wrasse
Yellow-brown wrasse
Surge wrasse
Five-stripe wrasse
Moon wrasse
Whitetip reef shark
Hound needlefish
Rusty jobfish
Gilded triggerfish
Redtail triggerfish
Razorfishes
Moorish idol
Yellow tang

Sailfin tang

Endemic to
Hawai‘i

Indo-Pacific
Indo-Pacific
Circumtropical

Indo-Pacific

Endemic to
Hawai‘i

Indo-Pacific
Endemic to
Hawai‘i
Endemic to
Hawai‘i

Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific
Circumtropical
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific
Indo-Pacific

Indo-Pacific

Labridae
Balistidae
Balistidae
Synodontidae
Synodontidae
Synodontidae

Synodontidae
Labridae

Labridae
Labridae
Labridae
Labridae
Labridae
Carcharhinidae
Belonidae
Lethrinidae
Balistidae
Balistidae
Labridae
Zanclidae
Acanthuridae

Acanthuridae

Males have pink belly band.
Colorful, reef-associated.
Elongated snout.

Predatory, sandy bottoms.
Common sandy flats species.
Restricted range.

Well-camouflaged.

Locally common wrasse.

Most abundant wrasse in Hawaii.

Bright coloration.

Common wave zone species.
Juveniles with bold striping.
Brilliantly colored, reef fish.
Common reef-associated shark.
Large surface predator.
Commercial food fish.

Bright fin margins.

Rare species.

Burrow in sand when alarmed.

Iconic reef fish, long filament
dorsal fin.

Iconic aquarium species.

Broad dorsal/anal fins.
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Indigenous
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Corals

Table 2. Coral species witnessed in Hanauma Bay between the years of 2015-2025. Endemic corals in bold.

Scientific N C N Famil Distributi Endemi N
Hard Corals
Cyphastrea agassizi | Agassiz's Coral Merulinidae Hawaiian Islands Endemic Small encrusting colonies, common on reefs
Cvphast. i Indo-Pacific including
astrea ocellina .. o . . . .
P Ocellated Coral Merulinidae Hawai'i Indigenous Massive to encrusting colonies
Lobactis scutaria Disk Coral Fungiidae Hawaiian Islands Endemic Solitary, free-living coral often found on sandy bottoms
Leptast Widespread
eptastrea purpurea . . . . . .
P eapurp Purple Leptastrea Leptastreidae Indo-Pacific Indigenous Encrusting species, tolerant of turbid waters
Leptastrea bott Widespread
eptastrea bottae . . . .
P Crust Coral Leptastreidae Indo-Pacific Indigenous Commonly located in shallow waters
Montivor itat Forms plates and branching colonies, dominant reef
ontipora capitata . . .. . .
P P Rice Coral Acroporidae Hawaiian Islands Endemic builder
Montipora flabellata | Blye Rice Coral Acroporidae Hawaiian Islands Endemic often bright blue, found in shallow high-energy reefs
Montipora patula Sandpaper Coral Acroporidae Hawaiian Islands Endemic Rough surface texture, encrusting to massive colonies
Montipora verilli Velvet Coral Acroporidae Hawaiian Islands Endemic Forms massive colonies with smooth surfaces
Montipora studeri Studer’s Coral Acroporidae Hawaiian Islands Endemic Uncommon species, forms encrusting plates
Pavona duerdeni Widespread
Duerden’s Coral Agariciidae Indo-Pacific Indigenous Leaf-like plates, often in colonies, star corallites
Pavona maldivensis | Cactus Coral Agariciidae Indo-Pacific Indigenous Plating, leafy colonies, bright colors
p . Indo-Pacific,
avona varians - . . o . . .
Corrugated Coral Agariciidae including Hawai'i Indigenous Wrinkled surface texture, variable forms
Pocillopora Indo-Pacific,
damicornis Lace Coral Pocilloporidae including Hawai'i Indigenous Branching colonies, common reef species
Pocillopora grandis | Antler Coral Pocilloporidae Hawaiian Islands Endemic Large branching colonies, important reef builder
Pocill lioulat Hawaiian
ocillopora ligulata . . . .. . . . .
P o Cauliflower Coral Pocilloporidae Hawaiian Islands Endemic Branching to encrusting colonies
Pocillopora
meandrina Cauliflower Coral Pocilloporidae Hawaiian Islands Endemic Massive lobed colonies, important habitat
Porites brighami Brigham’s Coral Poritidae Hawaiian Islands Endemic small colonies
Porit Branching colonies, dominant reef builder in Kane‘ohe
orites compressa . . .. .
P Finger Coral Poritidae Hawaiian Islands Endemic Bay
Porites evermanni Evermann’s Coral Poritidae Hawaiian Islands Endemic massive growth forms
Porites lichen Lichen Coral Poritidae Indo-Pacific Indigenous Thin, small encrusting growths
. Hawaiian Islands and
Porites lobata .. . . . . . .
Lobe Coral Poritidae Indo-Pacific Indigenous Massive, dome-shaped colonies, dominant reef builder
. Widespread
Porites rus .. . . . . .
Rusty Coral Poritidae Indo-Pacific Indigenous Encrusting to branching colonies
Psammocora
nierstraszi Sand Coral Psammocoridae | Indo-Pacific Indigenous Small encrusting colonies
Psammocora stellata | Cryst Coral Psammocoridae | Indo-Pacific Indigenous Encrusting small colonies
ft Coral
Sarcothelia
edmondsoni Blue Soft Coral Xeniidae Hawaiian Islands Endemic common in areas with high surge
Palvihoa tubercul Rubber of Pillow
alythoa tuberculosa . . . . . .
4 Coral Sphenopidae Indo-Pacific Indigenous contain a neurotoxin known as Palytoxin
Zoanthus spp. Zoanthid Zoanthidae Indo-Pacific Indigenous Commonly found on limestone reefs
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Invertebrates

Table 3. Invertebrate species witnessed in Hanauma Bay between the years of 2015-2025.

Hawaiian
Asteronotus Indo-Pacific, ranging from East may also host the commensal shrimp,
cespitosus Clumpy Nudibranch Discodorididae Africa to Japan and Hawai‘i Indigenous  |Zenopontonia rex.

. Blue Swallowtail . . com.monly found in shallow water,
Chelidonura Slug Tropical Indo-West Pacific and particularly abundant on algae,feed on
hirundinina Aglajidae Caribbean Indigenous  [flatworms.

White-Speckled commonly found in tide pools and shallow
Aplysia argus Sea Hare Aplysiidae Indo-Pacific region and Hawai‘i | Indigenous [rocky habitats

' White-Spotted Sea Indf)—Paciﬁc regions, tropical . .

Actinopyga Cucumber Indl.an Ocean and the western commonispemes found in areas exposed to
mauritiana loli Holothuriidae Pacific Ocean Indigenous  [wave action

Black Sea
Holothuria atra Cucumber loli Holothuriidae Indo-Pacific region and Hawai‘i | Indigenous |commonly found species on sandy reefs

Hawaiian Tiger lan endemic subspecies in Hawai‘i that reaches
Cypraea tigris Cowry leho Cypracidae Tropical Indo-West Pacific Indigenous ~ [the largest size
Spirobranchus Christmas-Tree extends a pair of colorful crowns that serve as
corniculatus Worm Serpulidae Indo-Pacific region and Hawai‘i | Indigenous [both gills and food gathering
Tripneustes gratilla | Collector Urchin - . . . ' In. Hawai‘i, bred in lab and released to control

hawa‘e Toxopneustidae | Indo-Pacific region and Hawai‘i | Indigenous [alien algae.
. . | Pale Rock-Boring Red Sea to Japan, including inhabits crevices and can be found under

Echinometra mathaei R . o . . . X

Urchin ina Echinometridae Hawai‘i and Easter Island Indigenous ~ [stones at various depths
Heterocentrotus Slate.Pencil Red Sea to Okinawa, including considered rare outside of the Hawaiian
mamillatus Utchin Ha‘uke‘uke | Echinometridae Hawai‘i and Pitcairn Indigenous  [Islands
Diadema Long-Spined East Africa to Okinawa, including typically found in shaded areas with good
paucispinum Urchin wana Diadematidae Hawai‘i and Pitcairn Indigenous  [water circulation
Echinothrix Indo-Pacific region, from the castern two sets of spines, short and slender closed

. coast of Africa to French Polynesia, spines which go from yellow to dark brown

calamaris . . . . . . . s

Banded Urchin wana Diadematidae including Hawaii and the Red Sea Indigenous  [and often banded thin spines

Pacific and Indian Oceans, from adept at camouflage changing color, patterns,

Octopus cyanea Day Octopus he‘e Octopodidae Hawaii to the eastern coast of Africa | Indigenous [and texture of skin
Sepioteuthis
lessoniana Big-fin Squid muhe‘e Magnapinnidae Indo-Pacific region and Hawai‘i | Indigenous |common at any depth in small groups

40




Macroalgae

Table 4. Macroalgae species witnessed in Hanauma Bay between the years of 2015-2025. Endemic macroalgae
in bold.

Hawaiian
Scientific Name Common Name |Name Distribution Endemism | Notes
Chlorophytes (Green algae)
Clustered Caulerpa, shallow temperate and
Caulerpa racemosa sea grapes tropical seas Indigenous  |some Caulerpa species have invasive potential
Caulerpa serrulata Serrated Caulerpa Indo-Pacific Indigenous  |Fronds resemble small saw blades
Indo-Pacific and tropical Feather-like fronds provide habitat for small
Caulerpa sertulariodes Feather Caulerpa Atlantic Indigenous  |invertebrates
Tropical seas; invasive in
Caulerpa taxifolia Killer Algae Mediterranean Non-native  |Infamous as a highly invasive aquarium escapee
Caulerpa webbiana Webb's Caulerpa Tropical Pacific Indigenous  |Rarely reported in Hawaii
Neomeris annulata Ringed Neomeris Tropical Indo-Pacific Indigenous |Calcified green algae forming rings on stalks
Van Bosse’s
Neomeris vanbosseae Neomeris Tropical Indo-Pacific Indigenous  |Calcified stalked algae, less common than N. annulata
Limu
Ulva expansa Broad Sea Lettuce |palahalaha Tropical Pacific Indigenous  |Edible; used in Hawaiian cuisine
Limu
Ulva fasciata Sea Lettuce palahalaha Worldwide tropical seas |Indigenous |Forms broad green sheets; edible
Limu
Ulva lactuca Sea Lettuce palahalaha Worldwide Indigenous  |Common edible green seaweed
Boodlea comosita Boodlea Tropical Indo-Pacific Indigenous  |Forms dense mats of filaments
Tropical and subtropical
Bryopsis pennata Bryopsis seas Indigenous  |[Soft, feathery fronds; can be invasive in aquaria
Codium edule Sea sponge weed | Wawae ‘iole Hawaiian Islands Endemic Important edible limu in Hawaiian culture
Limu
Dictyosphaeria cavernosa Green bubbleweed | piipii ‘awa ‘awa | Tropical Pacific Indigenous  |Forms hollow spherical masses; habitat for small fish
Halimeda opuntia Cactus algae Tropical seas worldwide |[Indigenous |Calcified, contributes to sand formation
Microdictyon umbilicatum Net algae Indo-Pacific Indigenous  |Forms delicate net-like sheets
Rhipidosiphon javensis Fan algae Indo-Pacific Indigenous  |Distinctive fan-shaped fronds
Valonia aegagropilia Sea pearl Tropical Indo-Pacific Indigenous  [Single giant cells that look like pearls
Ventricaria ventricosa Sailor’s eyeball Tropical seas worldwide |Indigenous |One of the largest single-celled organisms
Ochropyta (Brown algae)
Turbinaria ornata Ornate Turbinaria | Limu hulu 77 | Indo-Pacific Indigenous  |Widespread brown algae with tough fronds
Chnoospora minima Chnoospora Indo-Pacific Indigenous  [Forms bushy clumps on reefs
Dictyota acutiloba Dictyota Indo-Pacific Indigenous  |Flat, dichotomously branched blades
Dictyota ceylanica Dictyota Indo-Pacific Indigenous  |Common brown seaweed in reef flats
Dictyota friabilis Dictyota Hawaii and Indo-Pacific |Indigenous |Forms fragile brown mats
Sandwich Islands
Dictyota sandvicensis Dictyota Hawaiian Islands Endemic Endemic brown algae of Hawaii
Colpomenia sinuosa ) Worldwide tropical to
Sea potato ‘Alani temperate seas Indigenous  |Hollow, bladder-like thalli
Lobophora variegata Lobophora Worldwide tropical seas | Indigenous |Forms brown leathery sheets on reef
Rosenvingea intricata Rosenvingea Indo-Pacific Indigenous  |Filamentous brown algae
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Sargassum obtusifolium Sargassum Limii kala Hawaiian Islands Endemic Used traditionally in ceremonies of forgiveness
Rhydophyta (Red Algae)

Aromatic, edible seaweed; studied for methane
Asparagopsis taxiformis Asparagopsis Limii kohu Tropical seas Indigenous  |reduction in livestock
Amansia glomerata Amansia Tropical Pacific Indigenous  |Delicate red algae with fan-shaped fronds
Dichotomaria marginata Dichotomaria Indo-Pacific Indigenous | Thick, branching red algae
Galaxaura rugosa Galaxaura Indo-Pacific Indigenous  [Calcified red algae, important for reef structure
Chonrophycus
parvipapillatus Chonrophycus Hawaiian Islands Endemic Rare endemic Hawaiian red algae
Pterocladiella caerulescens Pterocladiella Indo-Pacific Indigenous  |Used traditionally for agar production
Prerocladiella capillacea Pterocladiella Worldwide tropics Indigenous  |Common agar-producing red algae
Acanthophora pacifica Acanthophora Tropical Pacific Indigenous  |Spiny branching red seaweed
Actinotrichia fragilis Actinotrichia Indo-Pacific Indigenous  [Calcified red algae with fragile branches
Ahnfeltiopsis flabelliformis | Ahnfeltiopsis Hawaiian Islands Endemic Rare endemic Hawaiian red algae
Centroceras clavulatum Centroceras Worldwide tropics Indigenous  [Small, filamentous red algae
Dasya iridescens Dasya Indo-Pacific Indigenous  |Fine, iridescent red algae
Jania subulata Jania Indo-Pacific Indigenous  |Articulated calcareous red algae
Liagora albicans Liagora Indo-Pacific Indigenous  [Calcified red algae with white tips
Martensia fragilis Martensia Indo-Pacific Indigenous |Delicate, lace-like blades
Neosiphonia and Polysiphonia
Polysiphonia group Worldwide Indigenous  |Filamentous red algae, diverse group
Plocamium sandvicense Plocamium Hawaiian Islands Endemic Endemic Hawaiian red algae with feather-like fronds
Titanophycus validus Titanophycus Hawaiian Islands Endemic Large, rare endemic Hawaiian red algae
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Appendix B. Coral Bleaching Data September 2025

Table 1. Coral bleaching surveys along 8 long-term monitoring transects (15 x 5 m). Site codes: BD =

Backdoors, KH = Keyhole, CH = Channel, and WB = Witches Brew. Species code: Co = Cyphastrea

ocellina, Mc = Montipora capitata, Mp = Montipora patula, Pt = Paythoha tuberculosa, Pm =
Pocillopora meandrina, Pc = Porites compressa, Pe = Porites evermanni/lutea, P1 = Porites lobata, Pr =
Porites rus, Pdue = Pavona duerdeni, Pv = Pavona varians.

Date Site Species Size (cm) | Live (%) ?’:)Mh Dead (%) (abraded) Total
9/2/2025 1aBD Pt 15 100 0 0 0 0 100
9/2/2025 1aBD Pt 20 100 0 0 0 0 100
9/2/2025 1aBD  Pdue 10 100 0 0 0 0 100
9/2/2025 1aBD  Pdue 15 100 0 0 0 0 100
9/2/2025 1aBD  Pdue 15 100 0 0 0 0 100
9/2/2025 1aBD  Pdue 20 100 0 0 0 0 100
9/2/2025 1aBD  Pdue 5 100 0 0 0 0 100
9/2/2025 1aBD  Pdue 20 100 0 0 0 0 100
9/2/2025 1aBD  Pv 10 100 0 0 0 0 100
9/2/2025/1aBD  Pe 20 100 0 0 0 0 100
9/2/2025/1aBD  Pe 5 100 0 0 0 0 100
9/2/2025/1aBD  Pe 5 100 0 0 0 0 100
9/2/2025/1aBD  Pe 25 100 0 0 0 0 100
9/2/2025/1aBD  Pe 30 100 0 0 0 0 100
9/2/2025/1aBD  Pe 20 100 0 0 0 0 100
9/2/2025 1bBD  Co 5 0 100 0 0 0 100
9/2/2025/1b BD  Co 5 0 100 0 0 0 100
9/2/2025 1bBD Pl 10 100 0 0 0 0 100
9/2/2025/1bBD  Pm 15 100 0 0 0 0 100
9/2/2025 1b BD  Pm 25 100 0 0 0 100
9/2/2025/2aKH  Pm 60 100 0 0 0 0 100
9/2/2025/2aKH  Pm 5 0 100 0 0 0 100
9/2/2025/2aKH  Mc 10 20 80 0 0 0 100
9/2/2025/2aKH  Mc 5 20 80 0 0 0 100
9/2/2025/2aKH  Mc 5 20 80 0 0 0 100
9/2/2025 2aKH  Mc 5 20 80 0 0 0 100
9/2/2025/2aKH  Mc 5 20 80 0 0 0 100
9/2/2025/2aKH  Pm 8 0 100 0 0 0 100
9/2/2025/2aKH  Pm 10 20 80 0 0 0 100
9/2/2025 2b KH  Pm 10 100 0 0 0 0 100
9/2/2025 2b KH  Pm 15 100 0 0 0 0 100
9/2/2025 2b KH  Pm 20 100 0 0 0 0 100
9/2/2025 2b KH  Pm 25 100 0 0 0 0 100
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9/2/2025 2bKH  Pm 45 100 0 0 0 0 100
9/30/2025 3aCH  Pm 20 100 0 0 0 0 100
9/30/2025 3aCH  Pm 10 100 0 0 0 0 100
9/30/2025 3aCH  Pm 15 100 0 0 0 0 100
9/30/2025 3aCH  Pm 30 100 0 0 0 0 100
9/30/2025 3aCH  Mc 65 70 30 0 0 0 100
9/30/2025 3aCH  Mc 45 90 10 0 0 0 100
9/30/2025 3aCH  Mc 25 90 10 0 0 0 100
9/30/2025 3aCH  Mc 50 100 0 0 0 0 100
9/30/2025 3aCH  Mc 50 90 10 0 0 0 100
9/30/2025 3aCH  Pv 20 100 0 0 0 0 100
9/30/2025 3aCH  Pv 40 0 0 100 0 0 100
9/30/2025 3aCH  Pc 10 90 10 0 0 0 100
9/30/2025 3bCH  Mc 40 20 80 0 0 0 100
9/30/2025 3bCH  Mc 100 50 50 0 0 0 100
9/30/2025 3bCH  Pv 15 0 0 100 0 0 100
9/30/2025 3bCH  Pm 8 100 0 0 0 100
9/30/2025 3b CH  Pm 5 100 0 0 0 0 100
9/30/2025 4aWB  Pm 5 50 50 0 0 0 100
9/30/2025 4a WB  Pm 8 70 30 0 0 0 100
9/30/2025 4a WB  Pm 10 50 50 0 0 0 100
9/30/2025 4a WB  Pc 5 90 10 0 0 0 100
9/30/2025 4a WB  Pc 10 50 50 0 0 0 100
9/30/2025 4a WB  Mc 35 40 60 0 0 0 100
9/30/2025 4a WB ~ Mc 30 100 0 0 0 0 100
9/30/2025 4a WB  Mc 20 100 0 0 0 0 100
9/30/2025 4a WB ~ Mc 10 80 20 0 0 0 100
9/30/2025 4a WB  Mc 25 90 10 0 0 0 100
9/30/2025 4aWB  Mc 35 90 10 0 0 0 100
9/30/2025 4aWB  Mc 5 90 10 0 0 0 100
9/30/2025 4b WB Pl 20 100 0 0 0 0 100
9/30/2025 4b WB Pl 30 100 0 0 0 0 100
9/30/2025 4b WB  PI 20 100 0 0 0 0 100
9/30/2025 4b WB  PI 10 100 0 0 0 0 100
9/30/2025 4b WB Pl 30 100 0 0 0 0 100
9/30/2025 4b WB Pl 15 100 0 0 0 0 100
9/30/2025 4b WB Pl 10 100 0 0 0 0 100
9/30/2025 4b WB Pl 150 100 0 0 0 0 100
9/30/2025 4b WB Pl 400 100 0 0 0 0 100
9/30/2025 4o WB Pl 50 100 0 0 0 0 100
9/30/2025 4b WB Pl 15 100 0 0 0 0 100
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Appendix C. Hanauma Bay Annotated Bibliography

Bailey-Brock, J., Brock, R., Kam, A., Fukunaga, A., & Akiyama, H. (2007). Anthropogenic

disturbance on shallow cryptofaunal communities in a marine life conservation district on
Oahu, Hawaii. International review of hydrobiology, 92(3), 291-300.
LOCATION: Hanauma Bay, O‘ahu HI
TYPE: Field Study
In Text Citation: (Bailey-Brock et al. 2007)
SUMMARY:
e  Analysis of cryptic invertebrate communities in coral rubble and sand from Hanauma Bay.
e Rubble collected from areas used by waders had a greater diversity of cryptofauna than sand
habitats.
e Rubble may provide a greater variety of microhabitats and protection from tramping.
e Found that disturbance by human trampling on shallow sands reduces the species richness of
cryptofauna.
Materials and Methods:
e Five locations in three sections of the Bay were sampled July 1999.
e Two I-liter samples at depths of 0.5-0.6 m.
e  Three replicate cores collected within 30 cm of each of two sites and depths.
e Site 1: Channel- shallow and deep.
e  Site 2: Backdoors- shallow and deep.

Discussion:
e The total infaunal taxa and abundance was greater in coral rubble samples than for any sand
samples.

e Large differences in diversity and abundance of taxa from sand samples in shallow vs. deep sites
suggests that anthropogenic disturbance as well as physical disturbance shapes the composition of
infaunal communities.

e Sand-feeding goatfishes spend considerably more time feeding over sands in water depths of 2-4
m, than in sands at shallower depths (0.5-1.5 m) in Hanauma Bay on days when the By is closed to
visitors.

Conclusion:

e Despite management efforts to conserve biological resources, wading and disturbance in the
shallow sand areas have reduced the biodiversity and abundance of the interstitial fauna.

e In areas too deep for waders, the biodiversity and abundance of interstitial and cryptofauna was
found to be greater in Hanauma Bay than at other locations.

Brock, R., & Kam, A. (2000). Carrying capacity study for the Hanauma Bay nature preserve:

final report. Honolulu: Department of Parks and Recreation. Carrying Capacity Study for
the Hanauma Bay Nature Preserve Final Report

LOCATION: Hanauma Bay, O‘ahu HI
TYPE: Carrying Capacity Study
In Text Citation: (R. E. Brock and Kam 2000)
SUMMARY:
e Background of Hanauma Bay:
e Formation of the bay-geology.
History of ownership of the bay.
History of human activities becoming more popular in the bay.
Tourism and Hanauma Bay.
Negative impact on marine resources within the bay due to physical
disturbance/trampling, humans entering water and shedding suntan oil and bacteria,
human urine, bird feces, etc.
o GOAL: Determine the relationship between human use of the Hanauma Bay Nature Preserve as
measured by the number of users and level of disturbance of marine biota and water quality for the
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purpose of managing the number of Park visitors at levels which protect and maintain the integrity
of the Bay’s marine communities.
First Year Objectives:
e Conduct initial overview inventory of marine biological resources and terrestrial
influences affecting the Bay.

e 6mo report: identifying marine biological resources and related social
conditions, and recommend a preliminary level of use for the Bay based on the
initial data.

e lyrreport: recommendations on the level of use of the Bay is made based on the
data to date.

e Establish a scientific methodology for monitoring and analyzing the marine biological
resources and water quality of the Bay.
e  Establish field experiments to determine the levels and sources of indicator bacteria and
impact of human trampling on benthic biota.
e Estimate basalt/coralline sediment at different depths in sand deposits to reconstruct
changes in terrigenous input of the Bay.
e Review related research and comparative analyses with data from the Bay and other
resource areas similar to the Bay.
e Prepare recommendations addressing resource management needs, practices and
standards relating to continued monitoring, gathering and analyzing data from the Bay.
The National Park Service (1997) has developed a framework protocol for determining human
carrying capacity for application in parks; this process is known as the visitor experience and
resource protection framework or VERP. VERP Framework Foundation:
e Element 1: Assemble an Interdisciplinary Project Team: Includes both those who plan
and those that implement a plan.
e Element 2: Public Involvement Strategy.
Element 3: Develop Statement of Park Purpose, Significance, and Primary Interpretative
Themes; Identify Planning Constraints.
Element 4: Analyze Park Resources and Existing Visitor Use.
Element 5: Describe a Potential Range of Visitor Experiences and Resource Conditions.
Element 6: Allocate the Potential Zones to Specific Locations in the Park.
Element 7: Select Indicators and Specify Standards for Each Zone; Develop a Monitoring
Plan.
e Element 8: Monitor Resource and Social Indicators.
e FElement 9: Take management Action.
Materials and Methods:
e  Water Chemistry Sampling
e Inventory and Monitoring of Marine Communities

e Fish -25m transects.

e Epibenthic -4x25m areas

e Exposed sessile benthic forms (Corals/Sponges/ Macrothalloid Algae) -
Point-Intersect method quadrats- 50 such points in 6 one-meter frames placed
five-meters apart along the 25m fish transect.

e  Within each biotope, a number of permanently marked stations are stablished
and quantitative studies conducted at each include a visual enumeration of fish,
counts along benthic transect lines and cover estimate in benthic quadrats.

e Notes taken on number, size and location of any threatened or endangered
species (spinner porpoises, humpback whales or green sea turtles).

e Visitor Use
e Used daily log from toll gate separated by residents and non-residents.
e Counts were taken various days of the week and time of the day.
e Ifin the ocean, notes were taken on their activity: wading, swimming,
viewing fish and location within the bay.
o Bay was divided into (1) the inner Bay which included all
shallow reef areas from shore to the fringing reef crest, and (2)
areas seaward of the inner bay. Inner Bay was divided into
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three sections: the eastern third, the central third and western
third.
e  Experiments to Determine Impact of Human Trampling on Benthic Biota

e Design of experiment differentiates the impact of grazing fishes from human
trampling on inner reef benthic communities.

e 3 experimental treatments: (1) areas of bottom subject to human
trampling and fish grazing (natural present situation), (2) an
experimental are where human trampling does occur but fish grazing
continues, and (3) where neither human trampling nor fish grazing can
occur (using wire pens to keep herbivores out).

e Basalt/Coralline Determinations

e Driving 3.8 cm diameter x 122 cm long clear plastic tube into the sand.

e In the laboratory sand samples are removed from different sections of the core,
dried in an oven until constant weight, acidified to remove the carbonate
(coralline) fraction, rinsed, re-dried and reweighed. The difference in the two
weights represents the coralline fraction and the remainder is the basaltic
fraction. Changes in these data may be used to infer changes in the input of
basalt which may be related to changes in storm water runoff.

Results and Discussion
e Human Use:

e Figure 1. Daily total number of visitors at the Hanauma Bay Nature Preserve
from May 1, 1999 through April 30, 2000. Pg. 14

e Figure 2. Monthly visitor counts depicted as total counts, residents, and
non-residents.

e Table 1. Breaks visitor logs into high use periods (summer months) and low use
periods (winter/spring) and then breaks down into % on the beach, in water,
wading, swimming, and outside of reef.

e  Water Quality:

e Samples taken at High-high and Low-low per sample day. Surface, mid-water,
and bottom (0.3 m to 1 m above substrate).

e Comparison of a Tuesday (no visitors) with a Wednesday (visitors).

e 40 locations through the bay, 27 taken along three mauka - makai
transects and represent surface and deep samples. 10 from mid-water
and 3 sample sites from areas with groundwater input evident along the
shoreline at low tide.

e Total Nitrogen and Orthophosphates higher in shallow sections with
visitors. Figure 5 & 6.

e  Turbidity was higher in shallow sections with visitors, Figure 8.

e Cost to process first series of water samples = $12,000

e Pg. 20, Figure 3 shows sample sites. Table 2 shows mean water quality for each
site.

e Human Trampling

e Benthic algal growth is much greater (will probably be significantly greater) in
caged treatments (where substratum is not available for either human trampling
or herbivorous fish grazing).

e Algal growth was not much different from adjacent areas where people walk in
treatments open to grazing fish but away from trampling (Pg. 52).

e Microbial Studies:

e Did not perform.

e Marine Communities and Biotopes:

e Sand Biotope- dominated by sand.

e  Boulder Biotope

e Seaward of Witches Brew and along the submarine cliff near Toilet
Bowl.

e P.compressa

e 2 deep locations.
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e P.lobata
e Dominant biotope.
e Spurs and Grooves
e Inner Reef Flat
e There is no biological evidence from this preliminary point in this study to suggest that
the number of visitors should be increased or decreased over present levels.
e  Current use in year 2000 was 3,000 visitors per day.

e For Brock’s Baseline he uses:

(1) Water quality sampling (ammonia nitrogen, nitrate+nitrite nitrogen, total nitrogen, total
phosphorous, chlorophyll-a, nephalometric turbidity, dissolved oxygen, temperature, pH, salinity,
silica and orthophosphorus.
(2) Inventory and Monitoring of Marine Communities: define major zones or biotopes present in
the study area. Fish and benthic were taken within each biotope—never produced in a report.
(3) Assessed Visitor Use of Hanauma Bay
(4) Experiments

e - Assessing the effects of fish feeding

e -Determine impact of human trampling on benthic biota—cage experiment—never

produced in a report.
e -Basalt/Coralline Determinations in the Sand

o Assessment of Inner reef flat conditions:

“Four permanently marked sampling stations were established in the inner reef biotope. These are
station 11 (east of the “keyhole” swimming area), station 14 (just west of the “keyhole”), station
17 offshore of the middle lifeguard tower and station 18 offshore of the west bathrooms. All of
these stations were established at depth from 0.2 to about 1.5 m. Other than the coralline alga,
Porolithod onkodes, most macroalgae or limu are not obvious in this biotope. Coralline algae
have a mean of 1 species per transect and a mean coverage of 4%. Seaweed or limu have a mean
of four species per transect and a mean coverage of 1.6%. Corals are most often seen along the
sides of depressions in the reef. The average number of coral species per transect is 3 and the
mean coverage is 0.8%. Coral species seen in the inner reef biotope sample sites include Porites
lobata, Montipora verrucosa, Cyphastrea ocellina, Pocillopora meandrina, and P. damicornis.
Over the course of the May 1999-June 2000 sample period, there has been no change in the
coverage of corals at these four inner reef flat stations.”

“The most obvious species on the inner reef flat at Hanauma Bay are the fishes. The most
abundant species include the sergeant major or mamo (Abedefduf abdominalis), chub or nenue
(Kyphosus bigibbus), convict tang or Manini (Acanthurus triostegus), ringtail surgeonfish or pualo
(Acanthurus blochii), blackspot sergeant or kupipi (4budefduf sordidus), brown surgeonfish or
ma’l’l’l (Acanthurus nigrofuscus), saddle back wrasse or hinalea lauwili (Thalassoma duperrey),
and bluelined surgeonfish or ta’ape (Lutjanus kasmiral). The mean number of species seen per
transect is 19 and the mean number of individual fishs censused per tranect is 153 individuals. In
terms of estimated standing crop, the average biomass per transect on the inner reef flat station is
410 g/m?. Over the year, the most important contributors to this biomass were the nenue
(Kyphosus bigibbus), pualo (Acanthurus blochii), Manini (Acanthurus triostegus), eyestripe
surgeofish or palani (Acanthurus dussumieri) , orangespine surgeofish or umaumalei (Naso
lituratus), ta’ape (Lutjanus kasmira), mamo (Abudefduf abdominalis), stareye parrotfish or
ponuhunuhu (Calotomus carolinus), redlip parrotfish or palukaluka (Scarus rubroviolaceus),
spectacle parrotfish or uhu uliuli (Scarus perspicillatus) and blue trevally or omilu (Caranx
melampygus). A list of the species of fishes encountered in the inner reef area is given in Table 6.”
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“The standing crop of fish is significantly greater (P>0.0002) on Wednesdays (mean = 655 g/m?)
over the preceding Tuesdays (mean biomass = 381 g/m?). This result is probably related to the
feeding activities that were occurring on the days with visitors present, and were not occurring on
the days when they were absent.”

MAJOR FINDINGS:
e Turbidity was higher in shallower sections with more visitors (Figure 8).
e Algal growth was not much different from adjacent areas where people walk in treatments open to
grazing fish but away from trampling (Pg. 52).
e Found that there was no biological evidence from their preliminary findings that the number of
visitors should be increased or decreased over present levels.
QUESTIONS:
e  Where is the report of their findings from cage experiments?

Brock, R. (1997). Hanauma Bay: A proposed study to determine human impact both today and

in the future. (pg. 1-8)

LOCATION: Hanauma Bay, O‘ahu HI
TYPE: Proposal for Carrying Capacity Study
In Text Citation: (R. E. Brock 1997)
SUMMARY:
e Proposal for carrying capacity study.
o 1990 surveys found more than 6,700 visitors per day coming to the bay, but many
estimates were between 10,000 and 12,000 people per day.
e Proposed METHODS:
o Permanent biological monitoring stations established in all major biotopes.
m  Monthly monitoring
o  Routine water quality monitoring
o Hand operated coring attempted for marine sands of Hanauma Bay.
m  Looking for input from land- basaltic fraction.
m  Assumption that sedimentary material in a core is laid down sequentially
through time with minimal reworking.

Brock, V. E. (1954). A preliminary report on a method of estimating reef fish populations. 7he

Journal of Wildlife Management, 18(3), 297-308.
LOCATION: Hanauma Bay, O‘ahu HI
TYPE: Method Development
In Text Citation: (V. E. Brock 1954)
SUMMARY:
e Counted the number and species of fish present within Hanauma bay and various other locations.
Materials and Methods:
e Swim along a 500-yard line laid across the sea floor and count fish seen.
o Survey distance was 1,500 ft. length by 20 ft. wide = 60,000 fi?
e Recorded estimated length, names of fish, family, notes on water depths, nature of bottom, and
associated flora and invertebrate fauna.
e A transformation of lengths into weights was made by the equation: W = A (L?)
o W =weight, L = estimated length, A = a species constant based on known weights nd
lengths for the species involved.
Results:
e The pattern of distribution of species for the Hanauma Bay Station indicated that it was essentially
a “windward” area.
o Zebrasoma flavenscens was not common.
o The weight of the fish in a school of opelu, Decapterus pinnulatus accounts for a large
portion of the miscellaneous species.
e Table 1. Hanauma Bay survey on 9/11/52
o Number of fish counted = 819
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Calculated weight Pounds = 137

Mean weight of fish =0.17

Calculated pounds per acre = 100

Bottom = !4 over sand some rock and coral.

O O O O

Brown, E. K., Cox, E., Jokiel, P. L., Rodgers, S. K. U., Smith, W. R., Tissot, B. N., Coles, S. L.

& Hultquist, J. (2004). Development of benthic sampling methods for the Coral Reef
Assessment and Monitoring Program (CRAMP) in Hawai'i. Pacific Science,

58(2), 145-158.

LOCATION: Main Hawaiian Islands
TYPE: Method Development

In Text Citation: (Brown et al. 2004)
SUMMARY:

e Longer transects had higher variability than shorter (10m) transects.

e A within-habitat stratified random sampling design was implemented for the CRAMP design.

e Fixed transects were chosen to reduce temporal variance and allow efficient resurveying under the
high-wave-energy field conditions.

e Method was designed to detect an absolute change of 10% in benthic cover with high statistical
power using 50 points per frame, 20-30 frames per transect, and 8-10 transects per depth.

e Fixed photoquadrats with high precision and high resolution were included in the design to allow
detailed monitoring of coral/algal growth, recruitment and mortality.

e OBIJECTIVE OF CRAMP: Evaluate the conditions of the reef communities throughout the main
Hawaiian Islands by describing spatial and temporal variation in Hawaiian reef communities in
relation to natural and anthropogenic forcing functions.

o CRAMP sites will continue to be monitored at regular intervals over the next century and
will form the basis for evaluating long-term change on Hawaiian coral reefs.

e 10 fixed transects at each 3m and 10m depth.

e 5Srandomly selected photoquadrats at each depth contour were established with one pin in each
corner to ensure accurate repositioning of the frame.

Bryan, W. B., & Stephens, R. S. (1993). Coastal bench formation at Hanauma Bay, Oahu,

Hawaii. Geological Society of America Bulletin, 105(3), 377-386.

LOCATION: Hanauma Bay, O‘ahu HI
TYPE: Geological Field Study
In Text Citation: (Bryan and Stephens 1993)
SUMMARY:
e Suggests that the formation of the bench at Hanauma Bay is the result of strongly differential rates
of cliff retreat above and below the sharp wetting boundary associated with daily high tides.
e  Salt weathering above the level of daily wetting by high tides is a major factor in the cliff retreat
that has formed the bench in Hanauma Bay. The bench reflects the daily upper limit of wetting by
the present era.

Clark, A. M. (2016). Hawaii’s Sustainable Marine Tourism Challenges and Opportunities.

Hawaii Division of Aquatic Resources PowerPoint Presentation.

LOCATION: Hanauma Bay, O‘ahu HI
TYPE: PowerPoint Presentation
In Text Citation: (Clark 2016)
SUMMARY:
e Hanauma Bay info:
= 1988: 3 million visitors per year, 10-12,000 visitors per day. Feeding fish up to % ton bread
per day.
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= Present: 3,000 — 5,7000 visitors/day, ban of fish feeding, entrance fee and parking limitations,
mandatory visitor education/friends group.

DAR Coral Bleaching Survey (2014), Brian Neilson, DLNR-Division of Aquatic Resources
e LOCATION: Hanauma Bay, O‘ahu HI
e TYPE: Field Study on Coral Bleaching
e In Text Citation: (Neilson 2014)
e SUMMARY:
e Coral Bleaching Rapid Response Surveys Sept-Oct 2014
e  47% of coral colonies within Hanauma Bay exhibited signs of bleaching.
o CO,MC, MF, PD, PE, PL, PM and PV.
e <1% showed signs of severe bleaching.
Bleaching was much less severe at Hanauma Bay compared to windward O’ahu sites.
e 14 out of the 18 coral species surveyed exhibited signs of bleaching
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Doust, S. N., Haghshenas, S. A., Bishop, E. E., Risk, M. J., & Downs, C. A. (2024). Fine-scale
geographic risk assessment of oxybenzone sunscreen pollution within Hanauma Bay
using hydrodynamic characterization and modeling. Science of The Total Environment,
906, 167614.

LOCATION: Hanauma Bay, O‘ahu HI

TYPE: Model
In Text Citation: (Doust 2024)
SUMMARY:
e Conducted a comprehensive hydrodynamic analysis, revealing significant aspects of current
patterns and their influence on sunscreen pollutant behavior.
e Found natural flow of water parcels to drive currents parallel to the shoreline, increasing pollutant
retention time over sensitive reef areas.
e Oxybenzone's distribution indicated a serious threat to the entire back reef habitat and a
hinderance to coral restoration efforts.

Downs, C. A., Bishop, E., Diaz-Cruz, M. S., Haghshenas, S. A., Stien, D., Rodrigues, A. M., ...
& DiNardo, J. C. (2022). Oxybenzone contamination from sunscreen pollution and its
ecological threat to Hanauma Bay, Oahu, Hawaii, USA. Chemosphere, 291, 132880.
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LOCATION: Hanauma Bay, O‘ahu HI

TYPE: Field Study & Model
In Text Citation: (Downs 2022)
SUMMARY:
e Concentrations of oxybenzone and other common UV filters were measured in subsurface water
samples and in sands from the beach-shower areas in Hanauma Bay.
e Found beach showers to be a source of sunscreen.
e Based on hydrodynamic models, oxybenzone contamination poses a significant threat to wildlife
of Hanauma Bay.
e  Effective tourism management policies need to be implemented to mitigate the threat of sunscreen
pollution.

Downs, C. A., (2018). Baseline Measurement of Seawater for Oxybenzone Contamination at the

Hanauma Bay Marine Life Conservation Districts. 7p.

LOCATION: Hanauma Bay, O‘ahu HI

TYPE: Field Study

In Text Citation: (Downs 2018)

SUMMARY:
e Sampled 10 sites within Hanauma to provide baseline survey for oxybenzone pollution in the Bay.
e Concentrations of oxybenzone ranged from 30 ng/L to 27,880 ng/L.

Concentration of Oxybenzone at each of sample sites in Hanauma Bay. Oahu, Hawaii.

Hanauma Bay

Oxybenzone Sampling, November 17, 2017 4:00-5:30 pm PST

27,880 ng/L

417 ng/Le 3 L 8
208/ 263 ng/L

e ¢
A 4,881 ng/Le = 544 ng/L

41,032 ng/LA

Google Earth

Easton, W. H., & Olson, E. A. (1976). Radiocarbon profile of Hanauma Reef, Oahu, Hawaii.
Geological Society of America Bulletin, 87(5), 711-719.

e LOCATION: Hanauma Bay, O‘ahu HI
e TYPE: Field Study
e In Text Citation: (Easton and Olson 1976)
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SUMMARY:

e 10 core holes through an active fringing reef within the bay provided 63 samples for which C'¢
dates were determined. The ages indicated that...
= The reef started growing about 7,000 years ago.
= Most of its vertical growth was during the interval from 5,800 to 3,500 radiocarbon years ago.

Average upward growth at this time was 1 m/ 300 yr.

= During the last 3,000 years, it advanced seaward at the rate of 1 m/ 45 years.

e “Reef growth is primarily lateral or eve downward in channels and pockets, rather than directly
upward, and so a vertical bore hole could pass down through a former wall of material of the same
age for a distance, and it also could pass from older into younger material as it descends through
an overhanging mass.”

INTRO:

e  Core taken from drill holes through the reef were dated by radiocarbon in order to determine (1)
the age, (2) the pattern and rate of growth, (3) the reliability for radiometric dating of random
samples from reefs, (4) the approximate time of the latest volcanic eruption before reef growth
began, (5) the rate of rise of sea level, and (6) how consistent the dates are when using different
chemical techniques and different materials from the same level.

DISCUSSION:

e  “During the past 3,000 yr, the reef grew seaward about 70 m and shoreward about 40 m, but the
central area remained essentially unchanged.”

*  Has the inner reef flat been stunted by lowering of sea-level. At a time when sea-level
was higher, it grew vertically, but this paper suggests it can no longer grow vertically due
to the lower sea-level that exists in the present.

CONCLUSIONS:

e Hanauma Bay Reef started to grow at least 7,000 radiocarbon years ago.

e The reef consists largely of massive and branching corals intergrown with calcareous algae. In
general, corals are most abundant in lower portions of the reef, and calcareous algae are most
abundant in higher portions of the reef.

e Between 3,500 radiocarbon years and the present, sea level and reef growth have risen at the rate
of 1 min 3,5000 yr.

e Reef growth is primarily lateral or eve downward in channels and pockets, rather than directly
upward, and so a vertical bore hole could pass down through a former wall of material of the same
age for a distance, and it also could pass from older into younger material as it descends through
an overhanging mass.

e Single or sparse samples taken without knowledge of or regard to the geological features of reefs
resembling Hanauma Reef are of doubtful value in determining the age of the reef.

Friedlander,A., Donovan, M., Koike, H., Murakawa, P., & Whitney, G. (2018). Spatial and

temporal trends in Hawai’i’s marine protected areas. Aquatic Conservation: Marine and

Freshwater Ecosystems. 48p. Under Review.
LOCATION: Main Hawaiian Islands

TYPE: Metadata Analysis

In Text Citation: (A. Friedlander et al. 2018)
SUMMARY:

e Twenty-five datasets, representing 1,031 individual surveys conducted through Hawaii since 2000
were used to compare fish assemblage characteristics amongst a subset of MPAs using a
regulation-based protection classification scheme.

e Fully and highly protected areas had significantly greater resource fish biomass compared with
areas with intermediate, or low protection.

e Long-term monitoring of select MPAs showed mixed and complex trajectories. Resource fish
biomass increased after the establishment of the Hanauma Bay MLCD in 1967 but plateaued after
~15 years, followed by changes in assemblage structure from fish feeding and invasive species.

RESULTS:
e There were significant increases in resource fish biomass in Hanauma Bay after initial protection.

54



e In carly years (1960-70s) in Hanauma Bay, goatfishes (Mullidae) and parrotfishes (Scaridae) were
most prevalent. In the late 1970s, chubs (Kyphosidae) showed a strong influence until the late
1990s, which likely resulted from an inc. in fish feeding during the time. Once fish feeding was
banned in 1999, the family composition reverted to something resembled that in the 1960s, but
with the addition of two invasive species from the families Serranidae (Cephalophus argus) and
Lutjanidae (Lutjanus kasmira).

Friedlander, A. M., Brown, E. K., & Monaco, M. E. (2007). Coupling ecology and GIS to

evaluate efficacy of marine protected areas in Hawaii. Ecological Applications, 17(3),

715-730.

LOCATION: Main Hawaiian Islands

TYPE: Interpretation of Orthorectified Aerial Photography

In Text Citation: (A. M. Friedlander, Brown, and Monaco 2007)

SUMMARY:

e A number of fish assemblage characteristics (e.g., species richness, biomass, diversity) vary among
habitat types, but where significantly higher in MLCDs compared with adjacent fished areas across all
habitat types.

e Size of protected area was positively correlated with a number of fish assemblage characteristics.

METHODS:

e NOAA acquired and visually interpreted orthorectified aerial photography, IKONOS satellite imagery,
and hyperspectral imagery for the near-shore waters (to 25 m depth).

e Fish sampling methodology:

o At each location standard underwater visual belt transect survey methods were taken in 25 m
X 5 m transects.

Gardner, E. A. (1999). A Victim of Its Own Success: Can User Fees Be Used to Save Hanauma

Bay. Ocean & Coastal LJ, 4, 81.

LOCATION: Hanauma Bay, O‘ahu HI

TYPE: Literature Review of History behind user fees at Hanauma Bay
In Text Citation: (Gardner 1999)

SUMMARY:

e The statutory purposes of establishing a MLCD are “specific to protecting and conserving marine
resources.” In contrast, the objective for establishing an underwater park is to “enhance
recreational activities.” These two objectives can conflict, and often lead to the detriment of the
environment through over use, as demonstrated by the recent history of Hanauma Bay. The DLNR
has suggested that recreational objectives should be a “secondary benefit” within MLCDs.

=  Direct quote from discussion of literature review.

Grigg, R. W. (1998). Holocene coral reef accretion in Hawaii: a function of wave exposure and

sea level history. Coral Reefs, 17(3), 263-272.

LOCATION: O°‘ahu HI including Hanauma Bay
TYPE: Field Study
In Text Citation: (Grigg 1998)
SUMMARY:
e At wave sheltered stations in Hanauma Bay and Kaneohe Bay, rates of long term reef accretion are
about 2.0 mm/yr.
METHODS:
e Four stations on the island of Oahu were chosen for study situated along a gradient of increasing
exposure to significant wave energy.
= Checker Reef in Kaneohe Bay
* Hanauma Bay, Channel area and offshore, cores taken near keyhole.
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= Mamala Bay

= Sunset Beach
Hanauma was the second-most sheltered site from wave energy selected for the study.
In 1967 10 cores were drilled through the shallow fringing reef by Easton and Olson. This work
showed that the reef at Hanauma began growing about 7000 yr ago at 15 m depth when rising sea
level flooded the bay. Initially rate of accretion was high (averaged 4.5 mm/y). Horizontal
accretion seaward at the reef crest was even greater, averaging almost 20 mm/y. During the last
3000 years accretion has slowed to 1 mm/y. In the middle of the reef flat, the youngest dated
material was found to be 2000 to 3000 years old, suggesting that sea level reached its present level
at this time and prevented the growth of younger material, or that a higher sea level existed for a
time in the middle Holocene allowing younger growth to accrete by that subsequently sea level
fell back to its current level and physical and biological erosion removed younger material.
Overall during the last 7000 years accretion is averaged at 2.0 mm/y.

RESULTS:

Communities at the shallow site at Hanauma Bay are constrained by subaerial exposure.

12 m depth community at Hanauma Bay was dominated by Porites compressa and Porites lobata.
Their relative abundances are 55% and 45 %, respectively. The growth rate of P. lobata at this
depth was 8.13 mm/y, about twice the rate of vertical reef accretion measured by Easton and Olson
(1996).

Table 1 Community structure and growth of coral reefs at sites selected for study. Attributes of community structure are based on one S0 m
transect at each station. Annual coral growth rates are averages of 10 colonies

Site Depth Coral Coral Algal Bare Sand Dominant Coral
(m) cover diversily cover limestone % coral, growth
% () % % algae (mm/y)
Kaneohe Bay 1 245 0.16 5 1 95 P Negligible
25 69 + 20 0.35 9 3 19 Pc 7.66
M.v.
Hanauma Bay 1 <1 <001 920 10 0 P.o. Negligible
12 73414 087 0 5 10 Pec 813
Pl
Mamala Bay 1 643 0.15 920 5 5 P.m. Negligible
12 10 +5 0.35 2 40 40 Pl 10.1
Sunset Beach 1 948 0.53 60 20 0 Pl Negligible
12 15+ 13 0.68 20 65 0 P.m. 8.08

P.L, Porites lobata; P.c., Porites compressa, M.v., Montipora verrucosa, P.m., Pocillopora meandring, P 0., Porolithon oncodes (coralline algae)
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Hanauma Bay Attendance Year 2016 & 2017
e LOCATION: Hanauma Bay, O‘ahu HI
e TYPE: Summary Table
e In Text Citation: (Hanauma Bay Attendance 2017)
e SUMMARY:

e July appears to be the busiest month.

e February appears to be the slowest month.

e  Approximately 3,000 visitors per day.

Vertical
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Hanauma Bay Nature Preserve
Daily Attendance Summary

FISCAL YEAR JULY'15 - JUNE' 16 FISCAL YEAR JULY' 16 - JUNE' 17
Visitors | Visitors Visitors Visitors | Visitors | Visitors
Monthly | Daily Avg YTD Monthly | Daily Avg YTD
Month # # # Month # # #
JUL 87,385 3,236 87,385 JUL 87,180 3,353 87,180
AUG 82,986 3,074 170,371 AUG 86,193 3,315 173,373
SEPT 50,059 2,176 220,430 SEPT 62,682 2411 236,055
OCT 59,728 2,389 280,158 OCT 66,134 2449| 302,189
NOV 56,584 2,176 336,742 NOV 60,227 2,409 362,416
DEC 70,225 2,809 406,967 DEC 67,886 2,611 430,302
JAN 68,955 2,652 475,922 JAN 67,129 2,685 497,431
FEB 47,301 2,365 523,223 FEB 58,208 2,531 555,639
MAR 74,659 2,872 597,882 MAR 74,953 2,776 630,592
APR 64,419 2,478 662,301 APR 69,820 2,685 700,412
MAY 61,743 2,375 724,044 MAY 66,894 2,573| 767,306
JUN 79,983 3,076 804,027 JUN 75,133 2,890| 842,439
TOTAL | 804,027 TOTAL | 842,430 [N

Hanauma Bay Case Study (1989)

LOCATION: Hanauma Bay, O ‘ahu HI and various other sites.
TYPE: Case Studies

In Text Citation: (Hanauma Bay Case Study 1989)
SUMMARY:

e MLCD’s are established to meet two competing goals: 1) to provide for the conservation of the
resource, and 2) to promote the use of a resource.

INTRODUCTION:

e  Site-specific problems:

Sedimentation: erosion of topsoil caused by disturbance of vegetation from people walking
and other upland areas are sources of sedimentation.

Runoff: from paved parking lot carrying oily residues, rat, mongoose and domestic animal
wastes to the bay waters. Water at this time was running from shower stalls directly into the
bay in a steady stream. Direct drainage of wastewater from the food/snorkel gear rental
concessions.

Water Quality: Often have high levels of fecal coliform bacteria. Sewer backups are frequent
at restrooms down at beach. High levels of bacteria are presumably caused by bird and animal
wastes and possibly from cesspools. — this is not necessarily a health hazard to humans, but
instead they are indicative of potential health risks.

Garbage: Lots of plastic garbage found on shoreline.

Reef Trampling: Since the majority of snorkelers that go to Hanauma are new to the ocean
environment, they sometimes cling to the reef for support or do not know any better than to
step on it. “Although early benchmark data on the live coral populations of the inner reef are
scarce, the continuous trampling across the reef is considered damaging to what little live
coral is left.”

Hanauma Bay Coral Cover (1999 & 2000)

Summary of coral cover within the bay.

LOCATION: Hanauma Bay, O‘ahu HI

TYPE: Tables from photocopy of unknown source (pg. 162)
In Text Citation: (Hanauma Bay Coral Cover 2000)
SUMMARY:
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Dominant coral species were P. lobata, M. patula, P. eydouxi, P. meandrina.
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Hanauma Bay Hawaii Symposium. Nov, 19, 1983.
LOCATION: Hanauma Bay, O‘ahu HI
TYPE: Abstract/Summary of Symposium Talks

In Text Citation: (Hanauma Bay Hawaii Symposium 1983)
SUMMARY:

Bruce A. Carlson said that surveys of the fish fauna of Hanauma Bay prior to its establishment as
a MLCD in 1967 are virtually non-existent.

= DAR, formerly Div. of Fish and Game, began conducting surveys from 1967 to present of
this symposium.

Hanauma Bay Nature Preserve Final Revised Environmental Assessment and Negative
Declaration, 1996. Prepared by Wilson Okamoto & Associates, Inc.
LOCATION: Hanauma Bay, O ‘ahu HI

TYPE: Impact Statement

In Text Citation: (Wilson Okamoto & Associates 1996)
SUMMARY:

Concerns about declining water quality in the bay due to increased siltation, freshwater runoff and

litter have been expressed as early as 1970. In 1988, turbidity, trash and oil films were observed

during user survey studies conducted by Wilson Okamoto and Associates, Inc. Soil runoff from

the unpaved trafficked areas has also been implicated as a possible cause of increased turbidity in

the bay.

Potential threats to the water quality observed in 1988:

=  Siltation from storm and shower runoff;

*  Freshwater mixed with soaps and lotions from open showers;

= Sewage from periodically overflowing cesspools; and

= Cooking oils and other waste from the concession which leach into the bay through cesspools.

Marine life Habitat

= Corals account for a very small percentage of bottom cover within the nearshore waters of the
fringing reef. The only coral present in any abundance is the common star coral Cyphastrea
ocellina.

=  Coral cover increases in the -6 to -25 ft range, with total cover reaching about 45%.
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= Atdepths of -25 ft and beyond corals dominate the bottom, covering close to 80% of the
substrate. Dense thickets of finger coral predominate at these depths, but lobe coral is fairly
abundant.

Harada, S. Y., Goto, R. S., & Nathanson, A. T. (2011). Analysis of lifeguard-recorded data at

Hanauma Bay, Hawaii. Wilderness & environmental medicine, 22(1), 72-76.

LOCATION: Hanauma Bay, O‘ahu HI

TYPE: Analysis of Rescue Events

In Text Citation: (Harada, Goto, and Nathanson 2011)
SUMMARY:

e Lifeguard collected data documenting estimates of daily beach attendance and characteristics of
rescue victims and events ranging from 2000-2007.

e Lifeguards recorded attendance and activity at 12 pm, 2 pm, and 4 pm. The sum of the 3 daily
estimates for the swimming and surfing groups were used to calculate daily counts of visitors entering
the water and at risk for rescue.

RESULTS:

e Found an average of 7 rescues per 10,000 bathers.

e Non-residents accounted for 88% of visitors and 98% of the rescue population.

e 63.2% of rescues were made in “the slot” the swimming channel to offshore.
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Figure 3. Companson of lifeguard estmates of attendance and bathers with actual attendance based on ticket sales data averaged by month for
years 2000 o 2007 at Hanauma Bay. Lifeguard estimates of attendance and bathers were calculated by summing estimates made at 3 available
time points (12, 2, and 4 M) and 12 and 4 PM time points. Lifeguard estimates summing all three and 12 and 4 PM time points differed from actual
attendance by factors of 178 (SD = 0,08) and 0.91 (SD = (L04), respectively. Trends in monthly ticket sales were highly correlated with Iifeguard
estimates of attendance (12, 2, and 4 pM, R = 0.98; 12 and 4 pm, R = 0.98) and bathers (12, 2, and 4 pM, R = 0.97; 12 and 4 pMm, R = 0.97).

Jackson, J. (2007). Effects of Anthropogenic Physical Disturbance on Corals to Hanauma Bay.

University of Hawaii at Manoa, Zoology Department. Hanauma Bay Directed Research
Fall ’07.

LOCATION: Hanauma Bay, O‘ahu HI
TYPE: Field Research Report and PowerPoint Presentation
In Text Citation: (Jackson 2007)
OBJECTIVE: Evaluate anthropogenic effects of visitors on corals inhabiting the relatively shallow area
(0-3m) of the bay from the shoreline seaward out to 85m.
SUMMARY:
e Indicators examined: Percent coral cover, coral diversity (Shannon) and relative abundance of
symbiotic organisms.
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e 5Stransects in Keyhole, Channel, and Witches Brew inner reef.
e Found coral cover to differ in the SW region from the NE and Center regions.
e METHODS:
e 3 areas across the bay: Keyhole, Channel and Witches Brew
5 Transects within each area
85 m long, 5 m apart.
Photographs taken along transect every 5 m.
Photos were broken into 120 squares, all squares containing living coral were counted. Ratio of
squares containing coral vs. squares that did not = percentage of coral cover.
e Species were identified to lowest taxonomic group and counted. Invertebrate species were noted
during the swim.
e RESULTS:

e Shannon diversity index was determined by the total number of coral colonies per species. Combines
the two quantifiable measures: (1) species richness (number of species in the community) and (2)
abundance (total number of individuals in the sample).
= SW had highest diversity index value (2.21) then NE (1.93), and Center (1.90).

e (Coral Species Abundance:

*  Pocillopora meandrina was most abundant in almost all regions, followed by Porites lobata and
Porites compressa.
= Coral cover was highest in the SW region (21%), followed by NE region (18%) and Center
region (17%).
e Conclusion:

e Most significant difference in coral diversity and cover was between SW and Center/NE regions
*=  The SW area sees much less human traffic than center and NE regions.
= The furthest SW transect held the greatest number of corals.
= Claims the SW area has greater protection from surf and wind, less people because it has a less

hospitable beach and less swimming space due to never having been dredged.
e Discussion:

e Low coral abundance may not be entirely due to anthropogenic disturbance...

= According to a geological study conducted by Easton and Olson in 1976, the rate of reef growth
has slowed over the last 3,000 years and the youngest material from shallow limestone reef flat is
approximately 480 +/- 100 years old.

=  Geological information indicates that during the past 300-500 years, corals have not been a
dominant component of the near-shore shallow areas of Hanauma Bay (Bailey-Brock et al.,
2007).

Coral Species Abundance across 3 Regions
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Figure 1: approximate locations of 3 sampled regions in Hanauma Bay Graph 2: Bar graph showing the abundance of each coral species identified across the

(map adapted from Bailey-Brock et al 2007) three sampled fegions of the Bay:
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Coral Species NE Region ggg::;
Pocillopora damigornis
Pocillopora meandrina
Montipora capitata
Montipora patula
Porites compressa
Porites evermanni
Porites lobata

Pavana duerdeni
Pavona varans
Montipora ingcrassata.
Cyphastrea ocellina

Montipora flabellata.

SW Region
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Table 3: The total abundance of each coral species identified across the
three sampled regions of the Bay.

Jayewardene, D. (2009). A factorial experiment quantifying the influence of parrotfish density
and size on algal reduction on Hawaiian coral reefs. Journal of Experimental Marine
Biology and Ecology, 375(1-2), 64-69.
LOCATION: Hanauma Bay, O‘ahu HI, Wawaloli & Keei, Big Island, HI
TYPE: Field Study
In Text Citation: (Danielle Jayewardene 2009)
SUMMARY:
e Small (<25 cm TL) parrotfishes at Hanauma:
= Abundance =2.9 £ 0.7 (#/ 100 m?)
= Biomass =32+ 1.1 (g/m?)
e Large (>25 cm TL) parrotfishes at Hanauma:
= Abundance =0.4 £ 0.1 (# 100 m?)
=  Biomass=2.3+0.9 (g/m?)

e Both abundance and biomass of large and small parrotfishes at Hanauma were intermediate to the
two other sites studied (Wawaloli — lowest, and Keei — highest).

e  Algal reduction rates at Hanauma were between 0-8% per day and were not significantly different
between treatments where only small parrotfishes could graze, when compared to treatments
available to all grazers.

e GOAL:

e Use algal plots grown inside exclusion cages on reefs in the Main Hawaiian Islands to
experimentally determine (1) how parrotfish density influence algal reduction rates and (2)
whether large parrotfishes are more effective grazers than small parrotfishes.

e METHODS:

e Parrotfish density at each site was empirically quantified using underwater visual census methods.

e Between May 2005 — Oct. 2006, 6-8 separate visual surveys were carried out along 4 independent
4 x 4 x 25 m fixed belt transects at each site.

m  Number and size (length to nearest 5 cm)
m  Densities calculated from this by converting to weights using allometric length-weight
conversion equation: W = aSL®.
m  Background coral and algae abundance at each site was also recorded.
e Photoquadrats along 10 randomly placed 20 m transects. 15 random images
were taken per transect, and 20 random points analyzed per image.

e Algal plots established at 10 m depth with fish exclusion cages.

m  Circular cages (30cm diameter) made of clothes wire frame covered with polypropylene
mesh (1.3 cm x 1.3 cm) attached to substrate using cable ties. 16 cages at each site.
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m Cages placed for 8 months, after which algal biomass at all sites was higher within cages
than on surrounding reef.
e Algal plots exposed to grazing after 8 mo.
m  Half of cages had mesh removed completely, other cages had mesh replaced with 10.2 x
10.2 cm mesh to allow for small parrotfishes to graze.
m  Photoquadrats used to quantify algal reduction in experimental plots.
e Daily photographs for 9 consecutive days after exposure.
e 50 random points per image x3 for each image.
e RESULTS:
e Algal community inside exclusion cages consisted primarily of filamentous spp. and grew to
heights of 1-3 cm. Fleshy macroalgae were rare.
e Algal reduction rates were positively related to both parrotfish density and size, and were up to
30% higher for large compared to small parrotfishes per unit biomass.
e DISCUSSION:
e Across all sites, large parrotfishes were found to remove more algae per unit biomass compared to
small parrotfishes.

Table 1
Density of small (<25 om TL) and large (=25 cm TL) parrotfishes at each of the theee
study sites expressed as number and blomass per unk area reef,

Srall paryotfishes (<25 om TL) Large parvotfishes (=25 em TL)
(#1300 m") (g/mv’) (#7100 ) (g/m”)
Wawaloli 06402 07403 o100 08404
Haauma 29507 32413 04-+01 231089
Keed 40405 62407 09102 88+16
Error valwes mdicate 4. SE.
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Jayewardene, D., Donahue, M. J., & Birkeland, C. (2009). Effects of frequent fish predation on

corals in Hawaii. Coral Reefs, 28(2), 499-506.
LOCATION: Main Hawaiian Islands including a site at Hanauma Bay, O ‘ahu HI

[
e TYPE: Field Study & Model
e In Text Citation: (D. Jayewardene, Donahue, and Birkeland 2009)
e SUMMARY:
e Hanauma Bay Shallow:
= 38+ 6% total coral cover.
e PC=0%,PL=19+£2%,PM=1+£0%
= Bites:
e #bitessm:PC=0.2 £0.2,PL=0,PM=0
e # bites/ tile: small =4 and large =4
e Hanauma Bay Deep:
= 25+2 % total coral cover
e PC=3+1%,PL=20 +2%,PM=0%
= Bites:
e #bitesm:PC=1.3 £0.5,PL=09+£0.5,PM=02+02
e GOAL:

e To determine the role that corallivory by C. dumerilii and A. meleagris plays in influencing coral
community structure in the Main Hawaiian Islands.
e METHODS:
e  March 2004 — Aug. 2005
e 12 sites on 9 shallow coral reefs.
m 2 “open” sites: Portlock and Wawaloli Beach
m 7 “partial” management prohibiting lay nets: Puako, Anachoomalu Bay, Wawaloli
Fisheries Management Area, Wawaloli FMA shaiiow, Papwai, Keei, and Keeishatiow)-
m 3 “no-take” MLCD: Hanauma Bay, Hanauma Baynaiow, and Kealakakua Bay.
e Coral abundance
m 15 random photoquadrats (40 x 60 cm) along each 10 randomly located 20 m transects at
each site. 20 random points per photograph.
e Abundance of fish bites
m  Surveyed 5 independent 20 m transects within each 1,000 m? area. 10 quadrats (0.5 x 0.5
m) were randomly placed along each transects.
e RESULTS:
e Abundance of lesions from fish bites on corals was quantified at nine shallow reefs in the main
Hawaiian Islands.
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m  Average 117 bite scars/m? on Pocillopora meandrina tissue from the barred filefish
Cantherhines dumerilii.

m  Average 69 bite scars/m? on Porites compressa tissue, and 4 bites/m? on Porites lobata
tissue from the spotted puffer Arothron meleagris.

e Frequency of these bites on P. compressa declined exponentially with increasing
coral cover.
e Nubbins of two size classes (102 cm and 4-5 cm) were transplanted into the field at 6 sites.

m  Small nubbins were entirely consumed.

® >4 cm nubbins were partially consumed and could recover.

m  Atsites with high cover of P. compressa, nubbins were not preyed upon. At sites with <
5% P. compressa cover, nubbins were preyed upon.

e Recovery from bites:

m  Bite lesions on P. compressa by A. meleagris fully recovered in 42 + 2 days.

m A model of risk of over predation (a second predation event before the first is healed)
decreased exponentially with increase coral cover and increased linearly with increasing
lesion healing time.

e If'there is low coral cover due to a disturbance, the risk of predation limiting the
recovery of a coral population is high.
DISCUSSION:
e Bite frequency decreased exponentially with increasing abundance of coral prey.
e Increased risk of corallivory at low coral cover could indicate an Allee effect (a decline in
population growth rate at low density), limiting the recovery potential of coral populations.

Jennings-Kam, D. and Manning, M. (2011). Feeding, Hunting and Housing Behaviors of the

He‘e Mauli (Octopus cyanea) in Hanauma Bay. Conference: 2011 Society for
Advancement of Hispanics/Chicanos and Native Americans in Science National
Conference. October 2011
LOCATION: Main Hawaiian Islands
TYPE: Conference
In Text Citation: (Jennings-Kam and Manning 2011)
SUMMARY:
e Study proposing tracking behavior of He‘e Mauli within Hanauma Bay.
e No results shared.

Jokiel, P. L., Brown, E. K., Friedlander, A., Rodgers, S. K. U., & Smith, W. R. (2004). Hawai'i

coral reef assessment and monitoring program: spatial patterns and temporal dynamics in
reef coral communities. Pacific Science, 58(2), 159-174.
LOCATION: Main Hawaiian Islands
TYPE: Field Monitoring
In Text Citation: (Jokiel et al. 2004)
SUMMARY:
e Hanauma Bay was surveyed in 1999, 2000, and 2002 at 3 m and 10 m depth:
= 3 meter: 23.6 (1999), 25.8 (2000), 21.8 (2002) percent coral cover.
= 10 meter: 26.7 (1999), 27.0 (1999), 22.2 (2002) percent coral cover.

Komatsu, M., & Liu, J. C. (2007). Cross-cultural Comparison Between Japanese and Western

Visitors for the Effectiveness of the Hanauma Bay Education Programme. Tourism
Recreation Research, 32(3), 3-12.

LOCATION: Hanauma Bay

TYPE: Social Study

In Text Citation: (Komatsu and Liu 2007)

SUMMARY:
e Assessment of cross-cultural differences between Japanese and Western visitors to the visitor education
program.
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The educational film was effective for both visitor groups in terms of attitudinal and behavioral

improvement toward marine conservation in the Bay, as well as enhancing visitor experience.

Western visitors were more likely to report higher ratings for education program and more

pre-knowledge about conservation when compared to Japanese visitors.

Some suggestions made on how to incorporate cultural sensitivity in managing tourism sites:

=  More should be done to prepare visitors to expect to view the educational film as a part of their
visit to the Bay.

= Content of the film could be revised. The conservation behaviors: ‘stand only on sand’ and
‘observe but don’t touch the reef” were less likely to be followed by both visitor groups, compared
to the other two points: ‘don’t touch the turtle’ and “watch the fish but don’t feed them.’

Lankford, S., Inui, Y., Whittle, A., Luna, R., & Tyrone, D. (2005). Sustainability of
coastal/marine recreation: Modeling social carrying capacity for Hanauma Bay, Hawaii.
University of Hawaii.

LOCATION: Hanauma Bay, O‘ahu HI
TYPE: Social Carrying Capacity Study
In Text Citation: (Lankford et al. 2005)
SUMMARY:

Findings of this study suggest that perceived crowding may be an indicator of actual user counts, and
that crowding negatively influences satisfaction levels.

“The Bay is exceeding the social carrying capacity (as measured in this study) when more than 3,200
(+/- 200 users) people per day use the Bay.”

According to this study the social carrying capacity is 3,200 visitors per day.

Majority of visitors are beginner or intermediate snorkelers.

e INTRODUCTION:

Physical capacity is the amount of space available for the activity based on design and use levels.
Ecological or biological capacity is the ability of the resource to withstand recreational use without
unacceptable damage to ecological components such as the water quality, reef bio-diversity and fish
diversity.

Facility capacity involves additions to the recreation environment intended to support visitor needs.
Social capacity is the number and distribution of visitors that provide minimal acceptable recreation
experiences.

Table 3.5: Snorkeling Skills and Frequencies to Snorkel

Total Residents Visitors t-test

Statements (%) (%) (%) Value Prob.

How would you describe your snorkeling expertise? *

Professional 11 20 1.0

Expert 59 129 45

Advanced 16.1 277 138

Intermediate 299 248 309

NoviceBeginner 47.0 32.7 498

X 42 3.7 42 4313 0000 ©
How often do you snorkel?

Never 246 12.7 27.0

Not Often 43.1 343 449

Sometimes 21.0 275 197

Often 86 16.7 70

Very Often 2.6 8.8 14

X 22 27 21 5268 0000 °

* Five-point Likert where 1 = professional, 2 = expert, 3 = advanced 4 =
intermediate and 5 = novice/beginner.

* Measured on five-point Likert where 1 =never and 5 = very often.

“t-value is significant at p < 0.01. Where it is significant the mean values of
residents and visitors groups are statistically different.

Madin EMP, Suan A, Severino SL, Tsang AO, Madin JS, Rago Z, Gerber I & Rodgers KS.
(2025). COVID-19 anthropause affects coral reef ecosystems through biophysical

changes. NPJ: Ocean Sustainability, DOIl.org/10.1038/s44183-025-00144-3.
e L[LOCATION: Hanauma Bay, O‘ahu HI
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e In Text Citation: (Rodgers et al. 2023)
e SUMMARY:

e SARS-CoV-2 altered human behavior and indirectly increased water clarity, altered endangered
Hawaiian monk seal behavior, and changed reef fish densities and behavior, including the key
functional role of herbivore grazing.

e Findings demonstrate that reduced human visitation allowed multiple biophysical ecosystem
parameters to shift towards presumably ‘natural’ levels, and by extension, that human presence
has an inhibitory effect on reef ecosystems.

e  Materials and Methods:

e Cumulative number of snorkelers and waders in each sector was also quantified during data
collection through four 10-min counts per survey day, spaced roughly evenly throughout the
morning, that were later averaged.

e Box office counts were separately acquired from the City and County of Honolulu’s Department of
Parks and Recreation to give an estimate of the daily visitor load.

e Secchi disk water clarity measurements were taken within the four sectors of the Hanauma Bay
Nature Preserve.

e Observers conducted monk seal surveys for the duration of each ~4 h visit to the bay

e Visual 25 m x 5 m belt transects were used to survey the fish community at eight permanent
transects.

e An array of GoPro cameras were set up throughout the bay to collect video footage of fishes and
invertebrates without interference from scientific diver observers.

e Discussion:

e A striking difference in water clarity between the COVID and post- COVID periods demonstrates
significant impacts from visitors to the bay, most likely due to sediment resuspension, which is
magnified as human density increases.

e Hawaiian monk seals were roughly half as likely to visit the Hanauma Bay Nature Preserve when
humans were present in the pre- and post-COVID periods versus the COVID period, during which
humans were absent.

e Herbivore grazing behavior was dramatically reduced in the post-COVID period relative to the
COVID period when humans were absent, and individual herbivore bite rates were also reduced as
a function of increasing visitor numbers across these two periods.

e Conclusion:

e Given reeftourism’s importance to local economies and the cultural, spiritual, and economic value
of reefs to Indigenous and other communities, managers must find an acceptable balance between
tourism and ecological preservation of coral reefs.

Mak, J., & Moncur, J. E. (1998). Political economy of protecting unique recreational resources:
Hanauma Bay, Hawaii. Ambio, 217-223.

e LOCATION: Hanauma Bay, O‘ahu HI
e TYPE: Review
e In Text Citation: (Mak and Moncur 1998)
e SUMMARY:
e Great review of the politics behind Hanauma Bay prior to 1997.
e TIMELINE:
o 1928
m  Deeded by Hawaiian princess Bernice Pauahi Bishop to the City and County of
Honolulu and made into a public beach park.
o 1967
m  Designated Hawai’i’s first Marine Life Conservation District.
o 1975
m  Half-million visitors/year.
o 1977
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m  Estimate of “recommended optimal use level” for Hanauma Bay was 1363 persons
per day, with 330 person allotted for upper picnic area, 408 for the lower grassy area
and 625 on the sandy beach (Wilson Okamoto & Associates, Inc., 1977).
e Estimates derived using the Bureau of Outdoor Recreation and the U.S.
Corps of Engineers Beach Capacity Standards of 50 persons per acre for the
upper picnic area and 160 square feet per person for the lower grassy area
and the beach.
o 1985
m 1.6 million visitors/year. (Wilson Okamoto & Associates, Inc., 1977)
o Late 1980’s
m 2.8 million visitors/year, or over 7,5000 persons per day (State of Hawaii
(1980-1990))
o 1989
m City’s Department of Parks and Recreation (DPR) presented to the City Council an
8-point management plan.
e Prohibited all tour vehicles from dropping off visitors at the park.
o 1990
m  Hanauma Bay User Committee proposed industry self-regulation as an alternative to
the 1989 City regulation. Committee members agreed not to use HB on Sundays and
major holidays for six months beginning Feb, 18, 1990. This eventually fell through.
o 1990
m  June 12, 1990, the City Department of Parks and Recreation implemented the
Hanauma Bay- General Plan.
e Designed to restrict access to the bay, educate visitors on proper use of the
bay, and improve facility at the bay.
e  Access to the park was restricted by...
o Hiring traffic attendants to turn away cars after 300 stalls were
filled and prevent illegal parking on the shoulders of the highway.
o Prohibit tour companies from discharging passengers at the park
past a 15-min sightseeing stop.
o  Closing the park on Wednesday mornings.
e Education provided by the Friends of Hanauma Bay and the UH Sea Grant
Extension Service co-operated to establish the Hanauma Bay Education
Program (HBEP) August 1990.
o 1994, January 4th
m City implemented a new rule limiting cabs to one passenger drop of per day because
tour companies would drop off bus loads of tourists nearby and tell them to cab it
into Hbay.
o 1994, October 31st
m  Smoking ban
o 1994
m  Started trying to wean off fish feeding (Alan Hong & State of Hawaii)
o 1995, July Ist
m  Charge admission to Hanauma Bay Nature Park
$5 nonresident tourist
Fees for commercial vehicles and taxis for the 15 min sightseeing.
Changes shortly after the bill passed...
e Residents were charged $1
o 1996, January 9th
m  User fee collection ended.
o 1996, April 10th
m  Bill No. 1 reduced nonresident fees to $3 per person and everyone had to pay a $1
parking fee.

Maurin, P. (2008). Informational exchanges among Hawaii marine stakeholders.
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Maynard, E. K. (2011). Sharing Place Names of Hanauma Bay: A Multimedia Prototype.

LOCATION: West Hawaii, Waianae, and Hanauma Bay, O “ahu, HI
TYPE: Review

In Text Citation: (Maurin 2008)

CHAPTER 5: Hanauma Bay MLCD

e Road to Hanauma Bay was finished in 1927 making the bay more accessible to the public.

e In 1964, a study by UH professor Ernst Reese estimated that 1,092 fish and 468 coral heads were

being removed yearly.

e “In 1997, yearly visitors to the Bay reached a peak of over 3 million.” “Eight acres of beach area

were being used by 10,000 visitors a day, making the Bay a victim of its own success. Water

quality was visibly affected. By the end of the day a sheen of suntan lotion could be observed on
the surface, and turbid waters diminished the value of the experience for all visitors. Parking lots

were regularly overcrowded, and reefs were used as rest areas for snorkelers.”

e The stakeholders actively involved grew in 1990 to: Parks and Recreation, Honolulu City Council,

Division of Land and Natural Resources, UH Sea Grant, Friends of Hanauma Bay, volunteers,

residents, tourists and, to a lesser degree, tour operators.

Table 4 - Timeline of Events at H. Bay

Year Event

1964 | An activity survey at HB estimates a take of marine life in excess of a thousand
fish specimens (1,092) and 468 coral heads per year by less than 12% of users.

underwater sanctuary, based on 1964 HB activity survey.

1966 | Proposal sent to the state Land Board recommending setting the Bay aside as an

geological specimens)

1967 | Designated as an Hawaii’s first MLCD (no fishing, collecting of marine life or

1970 | The Bay receives 209,997 visitors.

1980 | Hanauma Bay vearly visitors surpass one million.

1981 | City funds $1 million for infrastructure improvements and landscaping

1988 | Visitor peak at 3.6 million per vear, over 10,000 per day.

Dept of Transportation enacts a ban on boats entering the Bay

of Hawaii's largest newspaper.

1989 | Newspaper articles detailing bay overuse and degradation appear in the front pages

Seca Grant Extension proposes Education Program for the Bay.

1990 | HB General Plan is drafted by the Honolulu Dept. of Parks and Recreation,
recommending: Park hours for vehicular traffic, weekly half day closure of the
Bay for maintenance, restriction of commercial tour activity. a visitor information
center, control fish feeding, and the creation of HB Manager position.

Grass-roots environmental organization Friends of Hanauma Bay founded to
represent concerns of the local citizenry and to lobby the city government

University of Hawaii at Manoa Sea Grant Extension Program develops the
Hanauma Bay Education Program, with 1.5 FT staff and about 35 volunteers.

1992 | New visitor center opens at the Bay

1993 | City & County establishes a smoking ban at the Bay.

the water and not living up to the objectives of an MLCD.

Hanauma Bay Task Force presents its final report to state legislature, highlighting
issues of environmental concern, including bay overuse, harmful bacteria levels in

1995 | Entrance fee for non-residents enacted. Offices and concession built on upper park.

1996 | City Council approves $3 admission fee for all out-of-state visitors over age of 12

building up the volunteer base.

1998 | Hanauma Bay Education Center starts limited operations on the top park level and
opens an informational beach kiosk. and staff expands to 3.5 staff and starts

1999 | Fish feeding ban enacted by City Council.

2000 | Annual visitor levels drops to less than one million.

2002 | New facilities open at the Bay ($13.5 million), including a large capacity theater

showcasing cducational film (translated into 7 languages), and park offices.
HB Education Program grows to 5 FT staff and has over 75 volunteers.

example of sustainable tourism

2004 | FOHB & Honolulu Visitors Bureau submit Smithsonian nomination for HB as

LOCATION: Hanauma Bay, O‘ahu, HI
TYPE: Multimedia Prototype

In Text Citation: (Maynard 2011)
SUMMARY:
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e A prototype designed to educate and encourage Hawai‘i residents to visit Hanauma Bay.
e Contains interesting stories of cultural and natural history related to the Bay.

Merrifield, M., & Aucan, J. (2009). Hanauma Bay Circulation Study Proposal.

e LOCATION: Hanauma Bay, O‘ahu, HI

e TYPE: Field Study Proposal

e In Text Citation: (Merrifield and Aucan 2009)
e SUMMARY:

e Duration February 1, 2009 through January 31, 2012.

e Seek to better understand the wave-generated rip currents at the inner reef as a function of incident
wave and water level conditions. Would like to develop predictive tools to assess inner reef and
outer bay circulations in response to different oceanic and meteorological conditions.

e Use ADCP and drogues to measure the currents in Hanauma Bay.

Ong, L., & Holland, K. N. (2010). Bioerosion of coral reefs by two Hawaiian parrotfishes:
species, size differences and fishery implications. Marine biology, 157(6), 1313-1323.

LOCATION: Hanauma Bay, O ‘ahu, HI
TYPE: Field Study
In Text Citation: (Ong and Holland 2010)
SUMMARY:
e Biocrosion rates were more influenced by parrotfish size, rather than feeding mode.
e  Grazing by Scarus rubroviolaceus (a scraper) and Chlorurus perspicillatus (an excavator)
encompassed 60% of the carbonate production of the fore reef area.
e Densities of different size classes of S. rubroviolaceus and C. perspicillatus within Hanauma Bay
are available in Figure 2 and feeding preferences in Figure 3.
e GOAL: Quantify the Bioerosion rates of two similarly sized Hawaiian parrotfishes with two different
feeding modes (Scarus rubroviolaceus- a scraper and Chlorurus perspicillatus- an excavator).
e METHODS:
e Visual Census:
m  Feb. — Oct. 2006
m  Census of distribution and abundance of S. rubroviolaceus and C. perspicillatus on fore
reef and reef shelf.
e Numbers and Sizes (visual estimation of fork length in cm) recorded.
m  Transects 10 m wide and variable length.
e 13 transects were conducted on the fore reef (lengths 27 — 132 m, width 10 m;
depth <5 m).
e 14 transects were conducted on the reef shelf (lengths: 57-168 m, width 10 m;
depth 5 — 10 m).

e Feeding Rates:

m  Behavioral observations were conducted from Sept. — Oct. 2002 and Feb- April 2003, in
order to estimate feeding rates.
e RESULTS:

e Feeding modes did not affect bioerosion rates but that bioerosion rates were size dependent, with
the largest individuals (S. rubroviolaceus 45-54 cm FL) bioeroding up to 390+ 67 kg per
individual per year.

e Onset bioerosion happens at 15 cm in length for both species.

e DISCUSSION:

e First study to provide estimates of bioerosion by large parrotfishes in Hawaii.

e Fish size was found to be the paramount determinant of bioerosion rates for the two species
observed.
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Oshiro, R., & Fujioka, R. (1995). Sand, soil, and pigeon droppings: sources of indicator bacteria

in the waters of Hanauma Bay, Oahu, Hawaii. Water Science and Technology,
31(5-6), 251.
LOCATION: Hanauma Bay & Ala Moana Beach, O “ahu, HI
TYPE: Field Study
In Text Citation: (Oshiro and Fujioka 1995)
SUMMARY:
e The major sources contributing to periodic high levels of bacteria in the waters of the Bay are
contaminants of the beach sand, such as pigeon feces.

e In contrast to the sand at Ala Moana Beach, the sand at Hanauma Bay was determined to contain

considerably higher concentrations of fecal coliform, E. coli, and enterococci.
e METHODS:
e  Water samples collected from 3 sectors (east, middle, west).

e Contaminants of sand such as land runoff (shower/cleaning water, rain) and mongoose and pigeon
fecal droppings from Hanauma Bay were tested as possible contributors of indicator bacteria.

e Standard membrane filtration technique was used to determine the conc. Of indicator bacteria in
samples.

o Selective media include mFC for fecal coliform, mTEC for E. coli, and mE for enterococci.
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e Sand samples were washed in equal volumes of 3.5% NaCl and mixed vigorously by hand,
allowed to settle for 1-2 min, and supernatant was obtained. Two such elusions were required to
remove more than 90% of bacteria from the sand. Supernatants were diluted and then membrane
filtered.

RESULTS:

e  Water samples:

m  Highest amount of fecal coliform in middle bay (1-103 CFU/100 ml), then eastern (0-45
CFU/100 ml), then western (1-8 CFU/100 ml).

m  Enterococci numbers at these same sites ranged from 2-24 CFU/100 ml at Hanauma Bay
east, 0-104 CFU/100 ml at middle.

m  The highest concentrations of all indicator bacteria were recovered from the middle
sector.

e Sand samples:

m Hanauma Bay sand contained much higher concentrations of fecal coliform, E.coli, and
enterococci than the sand from Ala moana Beach.

m In sand collected below two feet of water at Hanauma: 160 fecal coliform, 96 E. coli and
68 enterococci/100g.

m In sand collected in surf zone at Hanauma: 320 fecal coliform, 44 E. coli and 192
enterococci/100g.

m Indry sand at Hanauma: 184,000 fecal coliform, 160,000 E. coli and 32,000
enterococci/100g.

m  Farthest inland sands at Hanauma contained: 2,420,000 fecal coliform, 967,000 E. coli
and 160,000 enterococci/100g.

DISCUSSION:

e As moisture content of the sand decreased and soil content increased (moving toward land),
bacterial count increased.

e In contrast to the sand at Ala Moana Beach, the sand at Hanauma Bay was determined to contain
considerably higher concentrations of fecal coliform, E. coli, and enterococci.

m  Partially attributed to the high terrigenous content of sand at Hanauma.

e Results of this study suggest that sand, contaminated with indicator bacteria, is the major source

contributing to the periodic high levels of bacteria in the waters of Hanauma Bay.

Reynolds, E. (1990, May). Hanauma Bay baseline users survey. In Proceedings of the 1990

Congress on Coastal and Marine Tourism (Vol. 1, pp. 106-116).

LOCATION: Hanauma Bay, O‘ahu, HI
TYPE: User Survey

In Text Citation: (Reynolds 1990)
SUMMARY:

e Survey involved two parts: (1) Counting the number of people and vehicles entering the park and
the number of people walking down or riding the tram to the beach. (2) Questionnaire given on
random basis to beach visitors.

e  Average number of visitors to the park per day was 6,707 with a range of 5,477 to 8,938, with
73.5% going down to the beach.

e Recommended that his survey should be performed at least once a year in alternating seasons
order to effectively manage people using the bay.

Rodgers KS, Graham AT, Murphy SK, Tripler AS & Scidmore-Rossing K. (2023). Assessing

carrying capacity using demographics, visitor experience and field studies: the case of
Hanauma Bay Nature Preserve. Tourism Recreation Research, DOI:
10.1080/02508281.2023.2173930.

LOCATION: Hanauma Bay, O ‘ahu HI
TYPE: Field Study

In Text Citation: (Rodgers et al. 2023)
SUMMARY:
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e Perceived visitor contact on the reef was compared to in sifu snorkeling impact. These quantitative
observations reported an average of one reef disturbance for every two individuals.

e  Partial mortality occurred in 60% of coral colonies.

Materials and Methods:

e A social carrying capacity study was conducted upon reopening, following a nine-month
COVID-19 closure due to travel restrictions.

e Surveys were compared to three prior surveys conducted between 1990 and 2002 to provide a
larger historical context of social dynamics and perceived human impacts over time.

e Demographics, recreational activities, crowding perceptions, and educational availability were
assessed. Visitor activity photos and counts were evaluated in context with survey responses.

e Perceived visitor contact on the reef was compared to in situ snorkeling impact.

Discussion:

e Visitor demographics have shifted in two areas, the number of first-time visitors and visitor origin.

e Satisfaction levels and perceptions of crowding to be inversely related. Low actual visitor counts
remained constant (~1500/day) due to new instituted limits, as did satisfaction levels.

e Atthe HBNP, the mandatory educational video, instituted in 2002, was perceived as the most
effective educational tool. This contrasts with signage, displays and the information booth.

e  Activity interest was similar to the 2001 survey (Wanger, 2001) with snorkeling as the most
popular response. This has shifted since 1990 (Reynolds, 1990) when sunbathing was the most
popular activity.

e Across all surveys, respondents with no snorkeling experience ranged from 4% to 14%.

Conclusion:

e Management policies for social carrying capacity should align with those recommended for
biological carrying capacity to achieve the greatest success in balancing and maintaining both the
health of the ecosystem and the enjoyment of HBNP visitors.

e High impact from human contact with the reef, found in this study, provide the impetus to institute
prevention strategies including floatation devices, snorkeling lessons, or exclusive zones for
novices.

Rodgers, K. S., Bahr, K. D., Jokiel, P. L., & Dona, A. R. (2017). Patterns of bleaching and

mortality following widespread warming events in 2014 and 2015 at the Hanauma Bay
Nature Preserve, Hawai ‘1. PeerJ, 5, €3355.

LOCATION: Hanauma Bay, O ‘ahu, HI
TYPE: Field Study
In Text Citation: (Rodgers et al. 2017)
SUMMARY:
e Elevated temperature throughout the bleaching event was more influential in coral
bleaching/mortality than high circulation or visitor use.
e In 2014, Hawai’i DAR coral bleaching assessments determined 47% of corals exhibited signs of
bleaching in the HBNP--mortality was not documented.
OBJECTIVE: understand the spatial extent of bleaching mortality in Hanauma Bay Nature Preserve
(HBNP), O’ahu, Hawai’i to gain a baseline understanding of the physical processes that influence localized
bleaching dynamics. Quantify bleaching prevalence and subsequent mortality within the four major sectors
of the HBNP and define how they relate to temperature and currents.
METHODS:
e Coral Surveys:
o 4 Sectors of HBNP: Backdoors(BD), Keyhole (KH, Channel (CH), and Witches Brew (WB).
o 2-15mx 5 m transects were surveyed in each sector. Depths <1 m. All coral colonies within
the 75 m”2 area were counted.
o Recorded: Coral species, Colony size, and Percent of colony that was live, pale, bleached,
and recently dead.
o  Sites were repeatedly found using handheld Garmin Geko 201 GPS unit, graphic and written
documentation of positions using triangulation, and underwater photographic imagery of
distinct initial and concluding coral colonies on each transect.
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e Temperature:
o HOBO temp Pro v2 Data Loggers in each of the 4 sectors took temp every 15 min. to
calculate a mean mid-day difference among transects.
o Data were used to calculate mean mid-day differences among transect temperatures.
e Currents:
o  Whittle (2003)
o Nearshore current patterns were determined using lagrangian current drogues.
e  Stats:
o Bleaching prevalence was analyzed using a GLM with sector as a fixed factor and transect
nested within sector.
o Temp was treated with a repeated measures mixed model by location with transect nested
within locations.
e RESULTS:
e Bleaching Prevalence
o Highest bleaching found in Pavona varians & Pocillopora meandrina
o Bleaching prevalence was sig. Different among sectors with highest levels at keyhole and
witches brew compared to back doors and channel.
o Colony size in all locations was similar, but number of colonies at WB was higher when
compared to average number of cologies at BD and KH.
e  Coral Mortality
o Highest mortality at WB and BD. Lower mortality at KH and CH.
o Recovery was slowest at WB.
o Highest mortality rates seen in Porites lobata and Pocillopora meandrina.

Rodgers, K. S. (2005). Evaluation of Nearshore Coral Reef Conditions and Identification of
Indicators in the Main Hawaiian Islands. A Dissertation Submitted to the Graduate
Division of The University of Hawaii. (1-218 pg).

e LOCATION: Main Hawaiian Islands
e TYPE: Field Studies
e In Text Citation: (Rodgers 2005)
e SUMMARY pertaining to Hanauma Bay:
e Found organic values close to 5%, ranking in the upper range of the majority of the stations, yet
have very low levels of the silt/clay fraction typical of sedimented areas.
e The following are possible explanations for the high organics and low silt/clay found at Hanauma
Bay...
o  Low contribution of terrigenous material from the surrounding watershed.
o Past or current history of fish feeding.
o  High fish biomass.
LOI (%) CaCOs4 Terrigenous
(%) (%)
MOLOKA' | mean sd. rmean sd mean sd
O'AHU
Hanauma 3m 47 0.3 46.5 0.9 48.8 1.7
Hanauma 10m 50 01 55.0 1.5 36.1 3.2

Rottas, K. M., & Houghton, B. F. (2012). Structure, stratigraphy, and eruption dynamics of a
young tuff ring: Hanauma Bay, O’ahu, Hawai’i. Bulletin of volcanology, 74(7),

1683-1697.
e LOCATION: Hanauma Bay
e TYPE: Geological Study
e In Text Citation: (Rottas and Houghton 2012)
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SUMMARY
e  Outlines the geographic structure of Hanauma Bay and Koko Head range.

Sanderson, S. L., & Solonsky, A. C. (1980, January). A COMPARISON OF 2 VISUAL

SURVEY TECHNIQUES FOR FISH POPULATIONS. In PACIFIC SCIENCE (Vol. 34,
No. 3, pp. 337-337). 2840 KOLOWALU ST, HONOLULU, HI96822: UNIV HAWAII
PRESS.

LOCATION: Hawaiian Islands including Hanauma Bay

TYPE: Field Study

In Text Citation: (Sanderson et al. 1980)

SUMMARY:

e Comparison of two visual census techniques for describing and quantifying fish communities.
Techniques were compared in terms of replicability, observer bias, minimal number of replicate
surveys required to adequately represent the species composition of a specific fish community,
daily variations in data, and sensitivity to distinctions between fish communities.
= Brock Method
= Jones and Thompson Method

e  More variable results, but could be due to observer bias.
METHODS:
e 11 days of fieldwork at Hanauma in 1979.
RESULTS:

e  Mean number of species recorded per Brock survey and the mean number recorded per Jones and
Thompson survey was no different at Hanauma Bay.

e  Only results on comparison of methods. No results were given on fish biomass, abundance, or
species richness.

Sano, M. E., Dickerson, B., Reynolds, B., Rosenfeld, C., Russell, S., Stender, G., Teshima-

Miller, K. (1990). Hanauma Bay Ecological Survey: A Baseline Study Honolulu, Hawaii.
Marine Option Program, University of Hawaii.

LOCATION: Hanauma Bay, O‘ahu, HI
TYPE: Field Study
In Text Citation: (Sano et al. 1990)
METHODS:
e 5- 100 meter transects (except transect 1 was 50 m).
= #1 was on inner reef flat, other 4 were located in deeper water.
e (Coral, invertebrates and algae were recorded
RESULTS:
e Transect #1: “Substrate was mostly reef rock, coral rubble, and a mixture of sand and coral rock.
Very small patches of dead Pocillopora sp. were recorded. Three small patches (5-8 cm) of
Porites lobata were also recorded, however, due to the nature of the point — intersecting method,
they are not counted in the data assessment.” Some Leptastrea purpurea were seen.
e Transect #2: 20.36% coverage of Porites lobata. Pocillopora meandrina was often present, but
dead- so was counted in “other”.
e Transect #3: All sand
e Transect #4: Small patches of Porites compressa and Pavona duerdeni. P. meandrina was found
along this transect, but was dead. Montipora capitata was the dominant species but had signs of
bleaching. Several algae spp. were present.
e Transect#5: P. lobata was the dominant species with small colonies of P. compressa.
e Transect #6 & #7: Reef rock covered with algal mat.
DISCUSSION:
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® M. capitata showed signs of bleaching on one transect and P. meandrina was found dead on
several occasions.

;f
J’ Table 2
Average percent coverage of substrate
Transect
1 2 “ S
Corals:
Leptastrea purpurea 0.67 0.0 0.0 0.0 0.36
Montipora capitata 0.0 0.0 0.0 5.82 0.73
Montipora flabellata 0.0 0.0 0.0 0.0 0.36
Pavona duerdeni 0.0 0.36 0.0 0.0 0.0
Pavona varians 0.0 0.36 0.0 0.0 0.0
Pocillopora meandrina 0.0 0.73 0.0 0.37 0.73
Porites compressa 0.0 0.73 0.0 0.0 1.09
Porites lobata 0.0 20.36 0.0 0.73 6.18
wer r .i
Palythoa tuberculosa 0.0 1.45 0.0 0.0 0.36
Alaae:
Grateloupia ¢filicina 0.0 0.0 0.0 0.44 0.0
Porolithon species 0.87 0.0 0.0 0.0 0.0
Sand 0.0 8.36 100. 41.45 20.73
Other » 98.467 67.64 0.0 50.%90 68.36
Total average % of 0.67 22.5%4 0.0 6.92 9.45

live coral

Figure 1. Map of study site with tra

Sigall, B. (2013). Phone cable installation shut down Hanauma Bay. Honolulu Star-Advertiser.

e LOCATION: Hanauma Bay, O‘ahu, HI
e TYPE: News

e In Text Citation: (Sigall 2013)

e SUMMARY:

e October 1956, trucks, barges, bulldozers and dynamiters came to Hanauma to extract coral to dig a
trench for twin 1-inch cables.

e (Coral and water shot more than 60 ft into the air.

e The water was filled with silt and covered in oil which did not clear till 10 days after the dredging
stopped.

Smith, K. A., Rocheleau, G., Merrifield, M. A., Jaramillo, S., & Pawlak, G. (2016). Temperature
variability caused by internal tides in the coral reef ecosystem of Hanauma bay, Hawai i.
Continental Shelf Research, 116, 1-12.

e LOCATION: Hanauma Bay, O‘ahu, HI
e TYPE: Field Study
e In Text Citation: (Smith et al. 2016)
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GOAL:

e Determine whether the proximity to a major semidiurnal internal tide generation site would lead to
strong internal tide signatures within the bay, was verified by the presence of strong semidiurnal
temperature variations in the lower layer during summer.

METHODS:

e  March to June 2009

e  Currents, temp, and wave energy inside Hanauma bay were investigated using size Nortek
acoustic Doppler current profilers (Aquadopps), two Nortek Acoustic Wave and Current profilers
(AWACS) and a Hydroid REMUS-100 AUV.

e All profilers recorded temp and pressure.

CONCLUSIONS:

e Semidiurnal internal tides generate over the ridge offshore of Makapu’u Point on the southeast
corner of the island of O’ahu propagate into the shallow coral reef habitat of Hanauma Bay.

e In spring (and likely winter) the energy associated with these internal tides causes fluctuations in
currents but is accompanied by little change in temperature, due to the fact that the upper water
column is well mixed.

e In summer, intensified surface stratification allows the internal tide to cause temperature drops as
large as 2.7°C in the bay.

e Semidiurnal temp drops due to the internal tide occur consistently twice a day throughout May and

June in 15 m water and are even present occasionally at depths as shallow as 5 m.

Stamoulis, K. A., Delevaux, J. M. S., Williams, 1. D., Friedlander, A. M., Reichard, J.,
Kamikawa, K., & Harvey, E. S. (2018-Draft). Incorporating fish behavior improves
accuracy of species distribution models.

LOCATION: Hanauma Bay, O’ahu, HI & Piipukea, O’ahu

TYPE: Field Study
In Text Citation: (Stamoulis et al. 2018)

SUMMARY:

e Compared the accuracy of species distribution models (SDMs) which include minimum approach
distance (MAD) as a predictor with SDMs that do not. Comparisons were made at 2 marine
reserves on O’ahu within and outside of the reserves.

e MAD varied between sites and was lower inside reserves than in fished areas, providing a proxy
of fish wariness.

e MAD was correlated to estimate fishing pressure, and greatly improved accuracy of SDMs when
included as a predictor.

INTRO:

e MAD- “minimum approach distance”
=  The distance between the diver and the fish at its closest point

e Fishing pressure directly increases fish wariness and decreases true fish biomass, while increased
fish wariness may decrease observed fish biomass, due to survey diver avoidance.

METHODS:

e Samples collected inside and outside of two no-take marine reserves on O’ahu, Hanauma Bay and
Paptukea, from June 2016 to May 2017.

e Transect locations were randomly selected within management type (reserve and open) on
hard-bottom habitats using ArcGIS.

e 5x 25 m belt transects on SCUBA—3 min per transect.

e Stero-Dov system used two Canon high-definition video cameras mounted 0.7 m apart on a base
bar inwardly converged at 7° to provide a standardized field of view.

e Measurements of fish length, distance (range) and angle of the fish from the center of the camera
system were obtained from imagery.

=  From which they calculated MAD of all targeted reef fishes.
RESULTS:
e At Hanauma Bay there were 572 observations inside the reserve and 167 outside.
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e Three schools of greater than 50 individuals were recorded in Hanauma Bay reserve, the two large
of the schools (n = 150, 75) consisting of Acanthurus triostegus and the third (n = 62) made up of
Acanthurus leucopareius.

e  Both marine reserves had significantly higher biomass of targeted fishes.

=  Ratio of mean targeted fish biomass inside the reserve vs. outside was 4.9 for Hanauma Bay
and 1.5 for Puptikea.

e Reserve sites had lower MAD, though not significant.

e  When MAD was included as a predictor, models were able to explain ~20% more of the
variability in targeted fish biomass.

e MAD was significantly lower inside the reserve compared to open areas for Hanauma.

e DISCUSSION:
e Fish body length had a positive relationship with MAD.
= Optimal fitness theory predicts that as reproductive value increases, risk-taking should
decrease (Clark, 1994).

e MAD was positively correlated with estimated fishing pressure. Because high fishing pressure is
associated with increased wariness and low biomass of targeted species, it is logical to assume
maximum MAD where there is minimum biomass.

Stender, G., & Russell, S. (1991). Quantitative survey of fishes at Hanauma Bay, Oahu.
LOCATION: Hanauma Bay, O ‘ahu, HI
TYPE: Economic Survey
In Text Citation: (Stender and Russel 1991)
SUMMARY:
e 5- 100 m transects were conducted for fish surveys. Fish were counted 3 m out from either side of
the transect tape.
e Transect 1 (inner reef transect): A total of 139 fishes were observed, representing 28 spp. from 10
families. The average number of fishes per acre was 937.555 with an average biomass of 384.049
Ibs. per acre.
*  Five dominant spp. by abundance were Acanthurus triostegus, Thalassoma duperrey,
Acanthurus xanthopterus Kyphosus bigibbus, Abudefduf sordidus, and Parupeneus
multifasciatus.
*  Five dominant spp. in biomass were Acnthurus xanthopterus, Kyphosus biggibus,
Chaenomugil leuciscus, Abudefduf sordidus, and Mugil cephalus.
=  The 5 dominant spp. by abundance accounted for 68% of the standing crop.
e See paper for fish survey results table.

van Beukering, P., & Cesar, H. S. (2004). Ecological economic modeling of coral reefs:
Evaluating tourist overuse at Hanauma Bay and algae blooms at the Kihei Coast,
Hawai'i. Pacific Science, 58(2), 243-260.

e LOCATION: Hanauma Bay, O‘ahu, HI
e TYPE: Economic Survey
e SUMMARY:
e The first ecological economic model of coral reefs in Hawai’i.
e A survey on consumer and mostly on modeling economics.
e The Hanauma Bay study showed that visitors are willing to pay much more for their experience
(around $10) than they are currently doing and that the net benefits of the education program
(around $100 million) greatly exceed the cost of the program (around $23 million) over time.
e Field survey methods:
e Purpose was to determine the average profile of each user group in terms of actual expenditure,
directly attributable to the diving or snorkeling trip, the consumer surplus for this experience, and
the willingness to pay for a healthier marine environment.
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Vieth, G. R., & Cox, L. J. (2001). Sustainable Use Management of Hanauma Bay. Department of

Natural Resources and Environmental Management, CTAHR—IJuly 2001 (2 p.).

LOCATION: Hanauma Bay, O‘ahu, HI
TYPE: Review

In Text Citation: (Vieth and Cox 2001)
SUMMARY:

e Found that nonresident user fees, if high enough, can be used to reduce the actual use of Hanauma

Bay to capacity--which they coin at 1363 people per day (1977 Hanauma bay beach park site
development plan).

e Surveys of 43 U.S. mainland residents who visited Hanauma Bay found that it would take a user

fee of $30 to $40 per day to discourage people from using the bay.

e
Figure 1. Hanauma Bay capacity and use.
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Walton, M. M. (2013). Do marine protected areas facilitate coral reef ecosystem health? An
investigation of coral disease and its associated factors in Oahu's marine life
conservation districts (Doctoral dissertation, University of Hawai'i at Manoa).

LOCATION: Hanauma Bay, O‘ahu, HI

TYPE: Field Study

In Text Citation: (Walton 2013)

SUMMARY:

e Field surveys were used to quantify coral disease prevalence, coral cover, macroalgal cover, fish
abundance and diversity, and coral community size structure at each of the sites. Inorganic-organic
carbon fractions of sediments and sediment grain size categories were also measured.

METHODS:

e Coral colony density was documented along the 10 m line by counting and recording all the coral
colonies whose centers fell within 1 m on either side of the transect line.

m  Colonies were identified to species and placed into a size class bin.



e Disease assessments were conducted within the same transect and each coral with disease was
photographed. Coral colonies with diseased lesions were classified by lesion type: tissue loss,
discoloration, or growth anomalies.

e Coral disease prevalence was calculated as the total number of colonies of a specific coral species with
a specific lesion type divided by the total number of colonies of that species (both healthy and
diseased).

e Reef fish abundance and diversity were recorded using a visual belt transect survey method along a 25
x 5 m belt transect. Fish were identified to the lowest taxonomic group, tallied, and assigned an
estimated total length (cm), then grouped into 6 trophic guilds: herbivores, mobile invertebrate feeders,
sessile invertebrate feeders, piscivore, zooplanktivores, and detritivores.

e Sediment samples were collected at each transect. Composition and grain size were performed.

RESULTS:

e Hanauma bay had two out of the five lesion types that showed significantly higher prevalency in the
MLCD compared to the adjacent control site: Porites lobata growth anomaly and Porites lobata tissue
loss.

e Hanauma also appeared to have overall more lesion types and prevalence than Pupukea or Waikiki
MLCD’s

e Coral and fish species richness and evenness was similar across all 3 MLCD locations.

e Hanauma sediment was ~92% carbonate, ~6% Terrigenous and ~3% Organic.

e Herbivores were the most trophic guild in Hanauma.

DISCUSSION:

e The types of disease present and how prevalent the diseases were differed significantly between
locations.

e Hanauma had the highest amount of silt.

Appendix B:

e Mean coral cover for 2012-2013 was 32.43% and similar levels were recorded in 1992 (34.65%) and

1976 (37.65%) at 30 ft depth.

Table 5. Mean prevalence of five common diseases across protection boundaries at the three
study locations. Standard errors in parentheses. * indicates a significant difference across the
protection boundary based on a Kruskal-Wallis test (p<0.05).

Hanauma
Lesion type Protected Unprotected
Porites lobata growth anomaly* 16.47 (1.79) 0.85 (0.36)
Porites lobata trematodiasis 10.83 (2.62) 2.77(0.72)
Porites lobata tissue loss* 1.72 (0.50) 0.07 (0.04)
Porites lobata lesion with red filamentous alga* 3.64 (0.94) 5.67 (4.97)
Pocillopora meandrina tissue loss 3.04 (1.37) 3.62 (0.91)
Porites lobata growth anomaly
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Porites lobata tissue loss
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Table 11. Proportion (%) of organic, carbonate, and terrigenous materials. Sample statistics are
overall mean + standard deviation for each site.

Site Organic Carbonate Terrigenous

Hanauma - Protected 31+£12 91877 571

Table 12. Proportion (%) of sediment grain-size categories. Sample statistics are overall mean +
standard deviation for each site.

Coarse
Site Rubble Gravel sand Fine sand  Silt

Hanauma - Protected 54120 246+131 335+90 212+127 153197

Hanauma Fish densities
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'ifigure 24. Blue and red bars represent mean fish &éns:iiy at the Hanauma sites for 7 different
trophic guilds. Black lines indicate standard error and * indicates significant difference between
protected and unprotected sites for that location (Kruskal-Wallis test, p<0.05).
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Figure 28. Blue (protected) and red (unprotected) bars represent mean percent coral cover at
each of the locations. Black lines show standard error and * indicates significant difference
between protected and unprotected sites for that location (Kruskal-Wallis test, p<0.05).
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Figure 29. Blue (protected) and red (unprotected) bars represent mean percent coral cover for
four of the most common coral species at each of the locations.

Table 18. Comparison with historical preval data from (Hunter 1999; Aeby et al. 2011c) for
H sites. Preval is shown as a p ge followed by the standard error in
parentheses where available.

Porites Porites Porites
T liasi Growth ly Tissue loss
Hunter (Hanauma- Protected)
N/A 41.7% (4.41) N/A
1992
Hunter (Hanauma- Protected)
N/A 28.8% (8.98) N/A
1994
Hunter (Hanauma-Protected
{ ) NA 35.0% (3.00) N/A
1998
Aeby (Hanauma Protected Deep) 0% 37% 11%
2004-2005
Aeby (Hanauma Protected Shallow) 1.4% 1.4% 1.4%
2004-2005
Aeby (Hanauma Unprotected) 4.4% 8.7% 16%
2004-2005
Wanor tatalimsfrlecied) 10.8% (2.62 16.5% (1.79] 1.7% (0.50;
2012-2013 8%.(262) SR xS0
Walton (Hanauma-Unprotected)
2.8% (0.72) 0.9% (0.36) 0.1% (0.04)
2012-2013
Table 19. Comparison with historical lence data from (Aeby et al., 2011c) for Pupukea sites.

p
Prevalence is shown as a percentage followed by the standard error in parentheses where
available.



Hanauma 3 meter depth
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Figure 35. Historical data on mean coral cover at Hanauma Bay for a 3-meter depth spanning
from 1978-2013. Data from 1978 (Anderson 1978), 1999 (Hunter 1999), 1999-2012 (CRAMP,
unpublished), and 2013 (Walton, 2013). Where available standard error is shown with black bars.
The data from (Walton, 2013) reports mean coral cover for surveys conducted at a mean depth of
5.5 meters.

Hanauma 10 meter depth
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Figure 36. Historical data on mean coral cover at Hanauma Bay for a 10-meter depth spanning
from 1978-2013. Data from 1978 (Anderson 1978), 1999 (Hunter 1999), 1999-2012 (CRAMP,
unpublished), and 2013 (Walton, 2013). Where available standard error is shown with black bars.
The data from (Walton, 2013) reports mean coral cover for surveys conducted at a mean depth of
5.5 meters.

Appendix C: Di Prevalence Maps
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Figure 42. Prevalence of Porites lobata growth anomalies at the Hanauma sites. Red lines mark
the boundary of the MLCD.
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Wanger, J.R. (2001). Interpretive Education as a Conservation Tool at Hanauma Bay Nature

Preserve, Hawaii. Master of Arts in Geography. University of Hawaii. 123p.

LOCATION: Hanauma Bay, O‘ahu, HI
TYPE: Social Study

In Text Citation: (Wanger 2001)
SUMMARY:

e This thesis evaluates the degree of effectiveness of the Hanauma Bay Education Program as well
as examines the historical events, decision making processes and interest group dynamics that
have influenced the operation of HBEP.

Interpretive Environmental Education at Hanauma Bay:

e Trampling was in higher occurrence at all tidal levels when the education program was closed.
While education program was open tramping presence appears to be around 6% of swimmers at
low, average and high tide. Very low tide saw no tramplers while the education program was open.

Conclusions:

e Education efforts were found to contribute to increased awareness of rules and appropriate
behavior within the preserve resulting in behavior modifications. This awareness, however, did not
translate into an increased understanding of the Hanauma Bay environment.

vz Tramping

N OF Dmtrvemery CRee

Tide/ Trampiing

£ Ed Progrem Open

WP Program Closed

Te Lol 1)

Figure 2. Trampling Tidal Aggregation. For each range of tide levels, average reef trampling levels are shown
for both day: when HBEP was open (n=218 observed trampling) and closed (n= 1,250 observed trampling).
Error bars represent standard ervor between means. (Source: field observations, Open: 524, 27, 29 & Closed:
6/2,7,10). Seedata: Appendix I Tables 4 & 5.

Wedding, L. M., Friedlander, A. M., McGranaghan, M., Yost, R. S., & Monaco, M. E.

(2008). Using bathymetric LIDAR to define nearshore benthic habitat complexity:
Implications for management of reef fish assemblages in Hawaii. Remote Sensing of
Environment, 112(11), 4159-4165.

LOCATION: Hanauma Bay, O‘ahu, HI
TYPE: Field Study

In Text Citation: (Wedding et al. 2008)
SUMMARY:
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e Lidar-derived rugosity (4 m grid size) was found to be highly correlated with in-situ rugosity and was
concluded to be a viable method for measuring rugosity in analogous coral reef environments.

e Lidar-derived rugosity was a good predictor of fish biomass and demonstrated a strong relationship
with several fish assemblage metrics.

e No raw data tables or graphs in the paper, only statistical data.

GOALS:

e Determine whether lidar technology can provide effective rugosity measures on a coral reef in Hawaii.

e To Examine the relationship between reef fish assemblage characteristics and LIDAR-derived rugosity.

METHODS:

e 33 transects surveyed in May 2004 using a stratified random design.

=  Several on the inner and outer reef.

e Fish assemblages were assessed in a 25 m x 5 m belt transect at a constant speed. Fish were identified
to the lowest possible taxon. Total length of fish was estimated to the nearest cm.
e Rugosity:

= Measured with brass chain.

RESULTS:

e Lidar-derived rugosity at the 4 m grid size had a sig. positive association with the in situ rugosity.

e [n-situ rugosity demonstrated strong positive correlations with abundance, diversity, richness and
biomass of fishes.

Whittle, A. G. (2003). Ecology, abundance, diversity, and distribution of larval fishes and

Schindleriidae (Teleostei: Gobioidei) at two sites on O'ahu, Hawai'i (Doctoral
dissertation, University of Hawaii at Manoa). Chapter 2.
LOCATION: Hanauma Bay, O ‘ahu, HI
TYPE: Field Study
In Text Citation: (Whittle 2003)
SUMMARY:
e Light traps deployed in Hanauma Bay over a 2.5 year period
= Significantly more larval fishes caught in light traps moored over sand habitats vs. rubble, coral, or
mixed habitats.
e Currents measured with drogues
= Pattern was shoreward and westerly.

e Chapter 2: Physical Factors in Hanauma Bay

=  Examines the hypothesis that non-biological factors, such as substrate, currents, tides, lunar phase,

season, waves, and temperature strongly affect larval ecology, abundance, diversity, and

distribution.
METHODS:
e Light traps were deployed in 4 areas of Hanauma Bay over 33 nights between December 1999 and
July 2002.

= Tested the difference between different substrates: sand, coral, rubble, and mixed.
e 6 drogues constructed of I mx 1 m x 0.5 m pvc piping with tarp tie-wrapped within the frame.
=  Drogues were individually marked with different color flags and weighted at the bottom with an 8§
oz fishing weight.
= Every 10 min. the position and angle of the drogue was recorded.
= Recorded at incoming, outgoing, mixed tide, and calm days.
RESULTS:
e No significant lunar correlation with Schindleria catch data.
e No significant lunar or monthly correlation with larval reef fish catch.
e  Asthe temperature and tidal range increased, the number of larval fishes caught increased.
e The Schindleria had a negative relationship with sea surface temperature and significant positive
relationship with tidal range.
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e DISCUSSION:

e  Adults of photopositive species (Mullidae, Acanthuridae, Synodontidate, Gobiidae, Blennidae) are
present inside the Bay, but were rare or non-existent in light trap catches—therefore populations of
these spp. within the Bay are likely structured by post-settlement processes such as migration,
competition and predation.

=  This theory could be tested by mark-recapture studies and observation of juvenile and adults.

Island of Oahu MLCDs Fish Standing Crops
e LOCATION: Hanauma Bay, O‘ahu, HI
e TYPE: Table
e In Text Citation: (Island of Oahu MLCDs Fish Standing Crops 1990)
e SOURCE: Elizabeth Kumabe, SeaGrant

Island of Oahu MLCDs
Fish Standing Crops

Hanauma Bay MLCD
Pounds per Acre

5000
4000
MLLD
300 Established in 1967

h ¢

ear Surveyed

As you can see, surveys taken shortly after the establishment of the MLCD in
1967 show very low fish populations within the bay. The impressive number
and diversity of fish you see today is due to the Hanauma’s protected status.
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Hanauma Fish Studies
Brock, R. E., & Kam, A. (2000). Carrying Capacity Study for The Hanauma Bay Nature

Preserve Final Report. Honolulu, HI.

LOCATION: Hanauma Bay, O‘ahu, HI

TYPE: Biological Study

In Text Citation: (Brock 1954)

SUMMARY:

o0 Zebrasoma flavenscens was not common.

o The weight of the fish in a school of opelu, Decapterus pinnulatus accounts for a large portion of the
miscellaneous species.

o Table 1. Hanauma Bay survey on 9/11/52

=  Number of fish counted = 819

=  Calculated weight Pounds = 137
*  Mean weight of fish=0.17

= Calculated pounds per acre = 100

=  Bottom = % over sand some rock and coral.

Stender, G., & Russel, S. (1991). Quantitative Survey of Fishes at Hanauma Bay, Oahu.

Honolulu, HI.

LOCATION: Hanauma Bay, O ‘ahu, HI

TYPE: Biological Study

In Text Citation: (Stender and Russel 1991)

SUMMARY:

o Transect 1 (inner reef transect): A total of 139 fishes were observed, representing 28 spp. from 10
families. The average number of fishes per acre was 937.555 with an average biomass of 384.049 Ibs.
per acre. (43 g/m2)

Five dominant spp. by abundance were Acanthurus triostegus, Thalassoma duperrey,
Acanthurus xanthopterus Kyphosus bigibbus, Abudefduf sordidus, and Parupeneus
multifasciatus.

*  Five dominant spp. in biomass were Acnthurus xanthopterus, Kyphosus biggibus,
Chaenomugil leuciscus, Abudefduf sordidus, and Mugil cephalus.
The 5 dominant spp. by abundance accounted for 68% of the standing crop.

Brock, R. E. & Kam, A. (2000). Carrying Capacity Study for The Hanauma Bay Nature

Preserve Final Report. Honolulu, HI.

LOCATION: Hanauma Bay, O‘ahu, HI

TYPE: Biological Study

In Text Citation: (Brock & Kam 2000)

SUMMARY:

0 “The most obvious species on the inner reef flat at Hanauma Bay are the fishes. The most abundant
species include the sergeant major or mamo (A4bedefduf abdominalis), chub or nenue (Kyphosus
bigibbus), convict tang or Manini (Acanthurus triostegus), ringtail surgeonfish or pualo (Acanthurus
blochii), blackspot sergeant or kupipi (Abudefduf sordidus), brown surgeonfish or ma’I'l’l (Acanthurus
nigrofuscus), saddle back wrasse or hinalea lauwili (Thalassoma duperrey), and bluelined surgeonfish
or ta’ape (Lutjanus kasmiral). The mean number of species seen per transect is 19 and the mean
number of individual fishes censused per transect is 153 individuals. In terms of estimated standing
crop, the average biomass per transect on the inner reef flat station is 410 g/m2. Over the year, the most
important contributors to this biomass were the nenue (Kyphosus bigibbus), pualo (Acanthurus
blochii), Manini (Acanthurus triostegus), eyestripe surgeofish or palani (Acanthurus dussumieri) ,
orangespine surgeofish or umaumalei (Naso lituratus), ta’ape (Lutjanus kasmira), mamo (4budefduf
abdominalis), stareye parrotfish or ponuhunuhu (Calotomus carolinus), redlip parrotfish or palukaluka
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(Scarus rubroviolaceus), spectacle parrotfish or uhu uliuli (Scarus perspicillatus) and blue trevally or
omilu (Caranx melampygus). A list of the species of fishes encountered in the inner reef area is given
in Table 6.”

“The standing crop of fish is significantly greater (P>0.0002) on Wednesdays (mean = 655 g/m?) over
the preceding Tuesdays (mean biomass = 381 g/m?). This result is probably related to the feeding
activities that were occurring on the days with visitors present, and were not occurring on the days
when they were absent.”
Friedlander, A. M., Brown, E. K., & Monaco, M. E. (2007). Coupling Ecology and GIS to
Evaluate Efficacy of Marine Protected Areas in Hawaii. Ecological Applications, 17(3),
715-730.
LOCATION: Hanauma Bay, O‘ahu, HI
TYPE: Biological Study
In Text Citation: (Brock & Kam 2000)
SUMMARY:
o Size of protected area was positively correlated with a number of fish assemblage characteristics.
Jayewardene, D. (2009). A factorial experiment quantifying the influence of parrotfish density
and size on algal reduction on Hawaiian coral reefs. Journal of Experimental Marine
Biology and Ecology. https://doi.org/10.1016/j.jembe.2009.05.006

LOCATION: Hanauma Bay, O‘ahu, HI
TYPE: Biological Study
In Text Citation: (Jayewardene 2009)
SUMMARY:
o Small (<25 cm TL) parrotfishes at Hanauma:
= Abundance =2.9£0.7 (#/ 100 m?)
*  Biomass=3.2+1.1(g/m?)
o Large (>25 cm TL) parrotfishes at Hanauma:
= Abundance =0.4 =0.1 (#/ 100 m?)
=  Biomass=2.3+0.9 (g/m?)
o Both abundance and biomass of large and small parrotfishes at Hanauma were intermediate to the two
other sites studied (Wawaloli — lowest, and Keei — highest).
Madin EMP, Suan A, Severino SL, Tsang AO, Madin JS, Rago Z, Gerber I & Rodgers KS.
(2025). COVID-19 anthropause affects coral reef ecosystems through biophysical

changes.NPJ: Ocean Sustainability, DOI.org/10.1038/s44183-025-00144-3.

e L[LOCATION: Hanauma Bay, O‘ahu HI
e In Text Citation: (Rodgers et al. 2023)
e SUMMARY:

e SARS-CoV-2 altered human behavior and indirectly increased water clarity, altered endangered
Hawaiian monk seal behavior, and changed reef fish densities and behavior, including the key
functional role of herbivore grazing.

e Findings demonstrate that reduced human visitation allowed multiple biophysical ecosystem
parameters to shift towards presumably ‘natural’ levels, and by extension, that human presence
has an inhibitory effect on reef ecosystems.

e  Materials and Methods:

e Cumulative number of snorkelers and waders in each sector was also quantified during data
collection through four 10-min counts per survey day, spaced roughly evenly throughout the
morning, that were later averaged.

e Box office counts were separately acquired from the City and County of Honolulu’s Department of
Parks and Recreation to give an estimate of the daily visitor load.

e Secchi disk water clarity measurements were taken within the four sectors of the Hanauma Bay
Nature Preserve.

e Observers conducted monk seal surveys for the duration of each ~4 h visit to the bay

e Visual 25 m x 5 m belt transects were used to survey the fish community at eight permanent
transects.
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e An array of GoPro cameras were set up throughout the bay to collect video footage of fishes and

invertebrates without interference from scientific diver observers.
Discussion:

e A striking difference in water clarity between the COVID and post- COVID periods demonstrates
significant impacts from visitors to the bay, most likely due to sediment resuspension, which is
magnified as human density increases.

e Hawaiian monk seals were roughly half as likely to visit the Hanauma Bay Nature Preserve when
humans were present in the pre- and post-COVID periods versus the COVID period, during which
humans were absent.

e Herbivore grazing behavior was dramatically reduced in the post-COVID period relative to the
COVID period when humans were absent, and individual herbivore bite rates were also reduced as
a function of increasing visitor numbers across these two periods.

Conclusion:

e Given reeftourism’s importance to local economies and the cultural, spiritual, and economic value
of reefs to Indigenous and other communities, managers must find an acceptable balance between
tourism and ecological preservation of coral reefs.

Ong, L., & Holland, K. N. (2010). Bioerosion of coral reefs by two Hawaiian parrotfishes:

Species, size differences and fishery implications. Marine Biology, 157(6), 1313—1323.
https://doi.org/10.1007/s00227-010-1411-y

LOCATION: Hanauma Bay, O ‘ahu, HI

TYPE: Biological Study

In Text Citation: (Ong & Holland 2010)

SUMMARY:

o First study to provide estimates of bioerosion by large parrotfishes in Hawaii.

o Fish size was found to be the paramount determinant of bioerosion rates for the two species observed.

o Feeding modes did not affect bioerosion rates but that bioerosion rates were size dependent, with the
largest individuals (S. rubroviolaceus 45-54 cm FL) bioeroding up to 390+ 67 kg per individual per
year.

o Onset bioerosion happens at 15 cm in length for both species.

Rodgers KS, Graham AT, Murphy SK, Tripler AS & Scidmore-Rossing K. (2023). Assessing

carrying capacity using demographics, visitor experience and field studies: the case of
Hanauma Bay Nature Preserve. Tourism Recreation Research, DOI:
10.1080/02508281.2023.2173930.

LOCATION: Hanauma Bay, O‘ahu HI
TYPE: Field Study
In Text Citation: (Rodgers et al. 2023)
SUMMARY:
e Perceived visitor contact on the reef was compared to in sifu snorkeling impact. These quantitative
observations reported an average of one reef disturbance for every two individuals.
e  Partial mortality occurred in 60% of coral colonies.
Materials and Methods:
e A social carrying capacity study was conducted upon reopening, following a nine-month
COVID-19 closure due to travel restrictions.
e Surveys were compared to three prior surveys conducted between 1990 and 2002 to provide a
larger historical context of social dynamics and perceived human impacts over time.
e Demographics, recreational activities, crowding perceptions, and educational availability were
assessed. Visitor activity photos and counts were evaluated in context with survey responses.
e Perceived visitor contact on the reef was compared to in situ snorkeling impact.
Discussion:
e Visitor demographics have shifted in two areas, the number of first-time visitors and visitor origin.
e Satisfaction levels and perceptions of crowding to be inversely related. Low actual visitor counts
remained constant (~1500/day) due to new instituted limits, as did satisfaction levels.
e At the HBNP, the mandatory educational video, instituted in 2002, was perceived as the most
effective educational tool. This contrasts with signage, displays and the information booth.
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e  Activity interest was similar to the 2001 survey (Wanger, 2001) with snorkeling as the most
popular response. This has shifted since 1990 (Reynolds, 1990) when sunbathing was the most
popular activity.

e Across all surveys, respondents with no snorkeling experience ranged from 4% to 14%.

Conclusion:

e Management policies for social carrying capacity should align with those recommended for
biological carrying capacity to achieve the greatest success in balancing and maintaining both the
health of the ecosystem and the enjoyment of HBNP visitors.

e High impact from human contact with the reef, found in this study, provide the impetus to institute
prevention strategies including floatation devices, snorkeling lessons, or exclusive zones for
novices.

Stamoulis, K. A., Delevaux, J. M. . S., Williams, 1. D., Friedlander, A. M., Reichard, J.,

Kamikawa, K., & Harvey, E. S. (2018). Incorporating fish behavior improves accuracy of

species distribution models. Drafft.

LOCATION: Hanauma Bay, O ‘ahu, HI

TYPE: Biological Study

In Text Citation: (Walton 2013)

SUMMARY:

o AtHanauma Bay there were 572 observations inside the reserve and 167 outside.

o Three schools of greater than 50 individuals were recorded in Hanauma Bay reserve, the two large of
the schools (n = 150, 75) consisting of Acanthurus triostegus and the third (n = 62) made up of
Acanthurus leucopareius.

o Both marine reserves had significantly higher biomass of targeted fishes.

= Ratio of mean targeted fish biomass inside the reserve vs. outside was 4.9 for Hanauma Bay
and 1.5 for Puptukea.

o Reserve sites had lower MAD, though not significant.

Walton, M. M. (2013). Do marine protected areas facilitate coral reef ecosystem health? An

investigation of coral disease and its associated factors in Oahu’s marine life
conservation districts. Doctoral dissertation, University of Hawaii at Manoa.
LOCATION: Hanauma Bay, O‘ahu, HI

TYPE: Biological Study

In Text Citation: (Walton 2013)
SUMMARY:

o Herbivores were the most trophic guild in Hanauma.
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Figure 24. Blue and red bars represent mean fish density at the Hanauma sites for 7 different
trophic guilds. Black lines indicate standard error and * indicates significant difference between
protected and unprotected sites for that location (Kruskal-Wallis test, p<0.05).
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Annotated Bibliography for Carrying Capacity Studies:
Types of Carrying Capacities:

1) Physical capacity is the amount of space available for the activity based on design and use levels.

a. Mak & Moncur (1997): A 1977 estimate of “recommended optimal use level” for
Hanauma Bay was 1363 persons per day, with 330 persons allotted for the upper
picnic area, 408 for the lower grassy area and 625 on the sandy beach. These
estimates were derived using the Bureau of Outdoor Recreation and the U.S.
Corps of Engineers Beach Capacity Standards of 50 persons per acre for the upper
picnic area and 160 square feet per person for the lower grassy area and the beach.

2) Ecological or biological capacity is the ability of the resource to withstand recreational use
without unacceptable damage to ecological components, such as the water quality, reef
bio-diversity and fish diversity in Hanauma Bay.

a. Brock & Kam (2000): There was no biological evidence from preliminary findings that
the number of visitors should be increased or decreased over present levels. (3200 per
day)

3) Facility capacity involves additions to the recreation environment intended to support visitor
needs (ex. Bathroom and shower availability, trash cans, picnic tables, park benches,
informational signs).

4) Social capacity is the number and distribution of visitors that provide minimal acceptable
recreation experiences. What is acceptable of one may be viewed differently for another user.
For example, a snorkeler to Hanauma Bay might term the visit as unacceptable due to both the
advertising and expectations of being in a pristine marine park. Basically, her/his expectations
were not met, and the place was too crowded. Yet, another snorkeler the same day did not
perceive the Bay to be crowded and was quite pleased due to expectations of only seeing tropical
fish.

a. Lankford et al. (2005): “Hence, limiting use may be an effective tool to manage the Bay.
The Bay is exceeding the social carrying capacity (as measured in this study) when more
than 3,200 (+/- 200 users) people per day use the Bay. The number of visitors that
provide acceptable recreation experiences may be less than 3,200.”

b. Reynolds (1990): Recommended that his survey should be performed at least once each
year in alternating seasons in order to effectively manage people using the bay.

c. Wanger (2001): Education efforts were found to contribute to increased awareness of
rules and appropriate behavior within the preserve resulting in behavior modifications.
This awareness, however, did not translate into an increased understanding of the
Hanauma Bay environment.

SUPPORT:

Mak, J., & Moncur, J. E. (1998). Political economy of protecting unique recreational resources:

Hanauma Bay, Hawaii. Ambio, 217-223.
LOCATION: Hanauma Bay, O‘ahu HI

TYPE: Review

In Text Citation: (Mak and Moncur 1998)
SUMMARY:

A 1977 estimate of “recommended optimal use level” for Hanauma Bay was 1363 persons
per day, with 330 persons allotted for the upper picnic area, 408 for the lower grassy area
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and 625 on the sandy beach. These estimates were derived using the Bureau of Outdoor
Recreation and the U.S. Corps of Engineers Beach Capacity Standards of 50 persons per
acre for the upper picnic area and 160 square feet per person for the lower grassy area and
the beach. Scientists have yet to determine a numerical carrying-capacity standard for the
coral reefs and the marine ecosystem; indeed, it may not be possible to determine such a
standard until more is known about the natural state of the marine ecosystem.

Brock, R. E., & Kam, A. (2000). Carrying Capacity Study for The Hanauma Bay Nature
Preserve Final Report. Honolulu, HI.

LOCATION: Hanauma Bay, O ‘ahu, HI
TYPE: Biological Study

In Text Citation: (Brock & Kam 2000)
SUMMARY:

“As defined in the contract between the City and County Department of Parks and Recreation
and the University of Hawaii, the carrying capacity study for the Hanauma Bay Nature Preserve
is to determine the type and level of visitor use that can be accommodated while sustaining
acceptable resource and social conditions that complement the purpose of the Hanauma Bay
Nature Preserve as measured by the number of users and level of disturbance to marine biota and
water quality for the purpose of managing the numbers of Park visitors at levels which protects
and maintain the integrity of the Bay’s marine communities.”

1. Conduct an initial overview inventory of the marine biological resources and terrestrial influences
affecting the Bay;

2. At the end of the first 6 months, prepare a status report identifying marine biological resources
and related social conditions, and recommend a preliminary level of use for the Bay based on the
initial data.

3. Establish a scientific methodology for monitoring and analyzing the marine biological resources
and water quality of the Bay.

4. Establish field experiments to determine the levels and sources of indicator bacteria and impact of
human trampling on benthic biota of the Bay;

5. Review related research and comparative analyses with data from the Bay and other resource
areas similar to the Bay;

6. Prepare recommendations addressing resource management needs, practices and standards related
to continued monitoring, gathering and analyzing data from the Bay;

7. Prepare a first year final report in which recommendations on the level of use of the Bay is made
based on the data to date.

Concept of Carrying Capacity:

In recent years concern over rising visitation and potential accompanying impacts on resources
and visitor experience has led to the focus on the concept of human carrying capacity to be
applied at selected parks in the National Park system. The National Parks Service (1997) has
developed a framework protocol for determining human carrying capacity for application in
parks; this process is known as the visitor experience and resource protection framework or
VERP. The VERP process has application to any natural area that receives human use and may
have application to determining the human carrying capacity for Hanauma Bay.
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-Analyze Park Resources and Existing Visitor Use: The objective here is to understand the park’s
resources and existing visitor use and experience. It is imperative that this analysis be
documented. This element constitutes a major part of the effort of the present study.

-Describe a Potential Range of Visitor Experiences and Resource Conditions (potential
prescriptive zones): Potential zones are described by different desired visitor experience
opportunities and resource conditions that could be provided in a given park, consistent with the
park’s purpose and significance. The zone descriptions prescribe the appropriate kinds and levels
of activity, development, and management.

-Allocate the Potential Zones to Specific Locations in the Park (prescriptive management
zoning): In this element, the zones described in the previous element are assigned to specific
locations in the park. The zoning scheme prescribes future conditions; it is not a description of
existing conditions, although in some cases the continuation of existing conditions could be the
desired future. If appropriate, the planning team should develop alternate zoning schemes and
assess their beneficial and adverse impacts.

-Select Indicators and Specify Standards for Each Zone; Develop a Monitoring Plan: Indicators
(i.e., specific, measurable variables that will be monitored) and standards (i.e., minimum
acceptable conditions) are identified for each zone. A monitoring plan is developed that
identifies priorities, methods, funding and staffing strategies and analysis requirements.
-Monitor Resource and Social Indicators: The park staff regularly monitors resource and social
conditions in various zones. Staff and funding limitations will usually necessitate setting
priorities and monitoring indicators only in the most critical areas.

-Take Management Action: When monitoring indicates that social or resource conditions are out
of standard or are deteriorating towards a standard, management action must be taken.

For Brock’s Baseline he uses:
(1) Water quality sampling (ammonia nitrogen, nitrate+nitrite nitrogen, total nitrogen, total
phosphorous, chlorophyll-a, nephalometric turbidity, dissolved oxygen, temperature, pH,
salinity, silica and orthophosphorus.
(2) Inventory and Monitoring of Marine Communities: define major zones or biotopes present in
the study area. Fish and benthic were taken within each biotope—never produced in a report.
(3) Assessed Visitor Use of Hanauma Bay
(4) Experiments

- Assessing the effects of fish feeding

-Determine impact of human trampling on benthic biota—cage experiment—never

produced in a report.

-Basalt/Coralline Determinations in the Sand
Assessment of Inner reef flat conditions:
“Four permanently marked sampling stations were established in the inner reef biotope. These
are station 11 (east of the “keyhole” swimming area), station 14 (just west of the “keyhole”),
station 17 offshore of the middle lifeguard tower and station 18 offshore of the west bathrooms.
All of these stations were established at depth from 0.2 to about 1.5 m. Other than the coralline
alga, Porolithod onkodes, most macroalgae or limu are not obvious in this biotope. Coralline
algae have a mean of 1 species per transect and a mean coverage of 4%. Seaweed or limu have a
mean of four species per transect and a mean coverage of 1.6%. Corals are most often seen
along the sides of depressions in the reef. The average number of coral species per transect is 3
and the mean coverage is 0.8%. Coral species seen in the inner reef biotope sample sites include
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Porites lobata, Montipora verrucosa, Cyphastrea ocellina, Pocillopora meandrina, and P.
damicornis. Over the course of the May 1999-June 2000 sample period, there has been no
change in the coverage of corals at these four inner reef flat stations.”

“The most obvious species on the inner reef flat at Hanauma Bay are the fishes. The most
abundant species include the sergeant major or mamo (Abedefduf abdominalis), chub or nenue
(Kyphosus bigibbus), convict tang or Manini (Acanthurus triostegus), ringtail surgeonfish or
pualo (Acanthurus blochii), blackspot sergeant or kupipi (Abudefduf sordidus), brown
surgeonfish or ma’I’l’l (Acanthurus nigrofuscus), saddle back wrasse or hinalea lauwili
(Thalassoma duperrey), and bluelined surgeonfish or ta’ape (Lutjanus kasmiral). The mean
number of species seen per transect is 19 and the mean number of individual fishs censused per
tranect is 153 individuals. In terms of estimated standing crop, the average biomass per transect
on the inner reef flat station is 410 g/m>. Over the year, the most important contributors to this
biomass were the nenue (Kyphosus bigibbus), pualo (Acanthurus blochii), Manini (Acanthurus
triostegus), eyestripe surgeofish or palani (Acanthurus dussumieri) , orangespine surgeofish or
umaumalei (Naso lituratus), ta’ape (Lutjanus kasmira), mamo (Abudefduf abdominalis), stareye
parrotfish or ponuhunuhu (Calotomus carolinus), redlip parrotfish or palukaluka (Scarus
rubroviolaceus), spectacle parrotfish or uhu uliuli (Scarus perspicillatus) and blue trevally or
omilu (Caranx melampygus). A list of the species of fishes encountered in the inner reef area is
given in Table 6.”

“The standing crop of fish is significantly greater (P>0.0002) on Wednesdays (mean = 655 g/m?)
over the preceding Tuesdays (mean biomass = 381 g/m?). This result is probably related to the
feeding activities that were occurring on the days with visitors present, and were not occurring
on the days when they were absent.”

Zhang, L. Y., Chung, S. S., & Qiu, J. W. (2016). Ecological carrying capacity assessment of
diving site: A case study of Mabul Island, Malaysia. Journal of environmental
management, 183, 253-259.
LOCATION: Malaysia
TYPE: Biological Assessment
In Text Citation: (Zhang et al. 2016)
SUMMARY:
e Ecological carrying capacity is usually empirically determined with quadrat or
photoquadrat survey being the most widely accepted method to get information on coral
status of a dive site.
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Table 1
Methods and results of previous studies determining carrying capacities for coral reefs around the world.

Capacity (no. of Location Methodology Reference
divers site ' year ')
40006000 Bonaire, The Used photoquadrat survey to establish the inverse relationship between diving frequency and coral Dixon et al. (1993,
Netherlands Antilles  coverage of a site and empirically determined carrying capacity by referring to the level of damage 1995)
caused.
Max. 5000 Eastern Australia Adopted what other studies said about carrying capacity. Harriott et al. (1997)
50006000 Egypt, Bonaire and  Correlated damage levels to reef (quadrat survey) at several environmentally similar sites with their Hawkins and Roberts
Saba diving intensities; carrying capacity is the point beyond which damage accumulates rapidly, (1997)
50006000 Eilat, Israel. Empirically determined by referring to the level of damage caused in existing sites. Zakai and Chadwick
Furman (2002)
Max. 7000 Sodwana Bay, South  Regressed diving intensity and other variables on coral damage index for each transect; arbitranly  Schleyer and
Africa accepted 10X increase in damage at 41% chance. Tomalin (2000)
T000 St Lucia Empirically set by making reference to Schleyer and Tomalin (2000) Barker and Roberts
(2004)
13,000-14,000 Hurghada, Egypt Predicted the optimal number of divers that can visit a reef based on the balance between dollar  Serour and Kangas
values of their spending subsidy versus the em-dollar equivalents of the metabolic stress they cause, (2005)
15,600 visitors/beach Ras Moh. d C d tramplers and correlated trampler numbers with coral damage data obtained from transect Leujak and Ormond
National Park, Egypt,  survey. (2008)

Lankford, S., Inui, Y., Whittle, A., Luna, R., & Tyrone, D. (2005). Sustainability of
coastal/marine recreation: Modeling social carrying capacity for Hanauma Bay, Hawaii.
University of Hawaii.

LOCATION: Hanauma Bay, O‘ahu HI
TYPE: Social Carrying Capacity Study
In Text Citation: (Lankford et al. 2005)
e SUMMARY:

“Within a recreational context (recreational carrying capacity is the level of use an area can
withstand while providing sustained quality recreational experiences [Wagar 1964]), carrying
capacity is further defined into the following (Shelby & Heberlein 1986):

1) Physical capacity is the amount of space available for the activity based on design and use
levels. For example, there a certain number of boaters that can be supported in Hanauma Bay at
a given time.

2) Ecological or biological capacity is the ability of the resource to withstand recreational use
without unacceptable damage to ecological components, such as the water quality, reef
bio-diversity and fish diversity in Hanauma Bay.

3) Facility capacity involves additions to the recreation environment intended to support visitor
needs. For example, a boat ramp and parking area may be constructed to access the Bay.

4) Social capacity is the number and distribution of visitors that provide minimal acceptable
recreation experiences. Social carrying capacity is the most difficult to define (Washburne
1982). What is acceptable of one may be viewed differently for another user. For example, a
snorkeler to Hanauma Bay might term the visit as unacceptable due to both the advertising and
expectations of being in a pristine marine park. Basically, her/his expectations were not met, and
the place was too crowded. Yet, another snorkeler the same day did not perceive the Bay to be
crowded and was quit pleased due to expectations of only seeing tropical fish.

The task for resource managers is to manage the recreation resource while considering all four
carrying capacity issues identified above (Symmonds, Hammitt, & Quisenberry 2000).”
CONCLUSION: “Hence, limiting use may be an effective tool to manage the Bay. The Bay is
exceeding the social carrying capacity (as measured in this study) when more than 3,200 (+/- 200
users) people per day use the Bay. The number of visitors that provide acceptable recreation
experiences may be less than 3,200.”

Needham, M. D., Tynon, J. F., Ceurvorst, R. L., Collins, R. L., Connor, W. M., & Culnane, M. J.
W. (2008). Recreation carrying capacity and management at Pupukea Marine Life
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Conservation District on Oahu, Hawaii. Final project report for Hawai'i Division of
Aquatic Resources, Department of Land and Natural Resources. Corvallis: Oregon State
University, Department of Forest Ecosystems and Society.

SUMMARY:

e Recreation carrying capacity can be defined as the amount of use that an area can
support and still offer sustained quality of recreation based on social, environmental, and
managerial attributes. In other words, it attempts to address the question “how much use is
too much” (Manning, 1999).

o Environmental carrying capacity, or the level at which biophysical resources of an
area are significantly impacted by human use.
= Indicators such as coral breakage, trampling, fish abundance, and water
quality.
o Social carrying capacity or the level of use beyond which social impacts and
experiences such as crowding and user conflict are unacceptable.
* Indicators such as encounters, crowding, conflict, noise and satisfaction.
o Facility carrying capacity or the amount and type of facilities acceptable for
accommodating a particular use level.

Da Silva, Alexandre. “Rules for commercial ocean sports sought.” Ka Leo O Hawaii. April 1,

2004. www kaleo.org

SUMMARY:

e Explores the concept of physical carrying capacity (number of individuals a beach can
physically accommodate) and social carrying capacity (concentration of individuals above
which beach users become uncomfortable- crowing perception).

o Physical: determine by georeferenced digitized aerial photography.
o Social: User counts, video images and over 200 interviews.

http://environment.gov.au/water/wetlands/publications/factsheet-limits-acceptable-change

Determining Acceptable limits of Change
SUMMARY:

Challenges

The principle or concept of limits of acceptable change is useful, however, the process of defining
limits of acceptable change can be challenging for a number of reasons. For example, there may
be:

insufficient data (for example, inadequate data, data gaps, absence of long-term data),
which may mean that limits of acceptable change cannot be set for all parameters;

limited understanding of the natural variability of the site including understanding of the
natural dynamics, cyclical change and seasonality. This may mean that a comprehensive
understanding of site character may not be possible for all sites;

limited understanding of ecosystem or species resilience making it difficult to determine
what the limits of acceptable change should be; and

lack of understanding of what would actually constitute a change in ecological character
(even when data is adequate) and therefore what the limit of acceptable change should be.
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e SUMMARY:
e Limits of Acceptable Change (LAC) system: a framework for establishing acceptable and
appropriate resource and social conditions in recreation settings.

o
o

Step 1: identification of area concerns and issues.

Step 2: opportunity classes are defined and described. Differences between
opportunity classes are measured through indicators.

Step 3: representing resource and social conditions for which management is striving.
Indicators should be capable of quantitative measurement.

Step 4: the existing condition of the resource and social conditions is inventoried.
Data is recorded and mapped, and serve as the basis for the definition.

Step 5: The definition is compared across years. Basing the standard on inventory
data helps ensure realism and also clarifies the nature and extent of management
activity that will be required to achieve standards.

Step 6: identify alternate allocations of the area among the various opportunity
classes. Because different allocations will require different types of management...
Step 7: ...requires an analysis of the various cost and benefits of each alternative, in
terms of environmental impacts and impacts on visitors as well as administrative
costs.

Step 8: Cost and benefits of each alternative are evaluated and a final alternative is
selected.

Step 9: implementation of the selected alternative and establishment of a monitoring
program. Monitoring is particularly important as it provides feedback on the
effectiveness of the management actions employed, alerting managers to the need to
consider more rigorous application or the use of other measures.

Social CC Studies of Hbay
Komatsu, M., & Liu, J. C. (2007). Cross-cultural Comparison Between Japanese and Western

Visitors for the Effectiveness of the Hanauma Bay Education Programme. Tourism
Recreation Research, 32(3), 3-12.

e SUMMARY:

e Assessment of cross-cultural differences between Japanese and Western visitors to the visitor education

program.

e The educational film was effective for both visitor groups in terms of attitudinal and behavioral
improvement toward marine conservation in the Bay, as well as enhancing visitor experience.
e  Western visitors were more likely to report higher ratings for education program and more
pre-knowledge about conservation when compared to Japanese visitors.
e Some suggestions made on how to incorporate cultural sensitivity in managing tourism sites:
=  More should be done to prepare visitors to expect to view the educational film as a part of their
visit to the Bay.
= Content of the film could be revised. The conservation behaviors: ‘stand only on sand’ and
‘observe but don’t touch the reef” were less likely to be followed by both visitor groups, compared
to the other two points: ‘don’t touch the turtle’ and ‘watch the fish but don’t feed them.’

Lankford, S., Inui, Y., Whittle, A., Luna, R., & Tyrone, D. (2005). Sustainability of
coastal/marine recreation: Modeling social carrying capacity for Hanauma Bay, Hawaii.
University of Hawaii.

103


https://www.fs.fed.us/cdt/carrying_capacity/lac_system_for_wilderness_planning_1985_GTR_INT_176.pdf
https://www.fs.fed.us/cdt/carrying_capacity/lac_system_for_wilderness_planning_1985_GTR_INT_176.pdf

SUMMARY:

e Findings of this study suggest that perceived crowding may be an indicator of actual user counts, and
that crowding negatively influences satisfaction levels.

e “The Bay is exceeding the social carrying capacity (as measured in this study) when more than 3,200
(+/- 200 users) people per day use the Bay.”

e According to this study the social carrying capacity is 3,200 visitors per day.

e  Majority of visitors are beginner or intermediate snorkelers.

Reynolds, E. (1990, May). Hanauma Bay baseline users survey. In Proceedings of the 1990

Congress on Coastal and Marine Tourism (Vol. 1, pp. 106-116).
SUMMARY:

e Survey involved two parts: (1) Counting the number of people and vehicles entering the park and
the number of people walking down or riding the tram to the beach. (2) Questionnaire given on
random basis to beach visitors.

e  Average number of visitors to the park per day was 6,707 with a range of 5,477 to 8,938, with
73.5% going down to the beach.

e Recommended that his survey should be performed at least once each year in alternating seasons
in order to effectively manage people using the bay.

Rodgers KS, Graham AT, Murphy SK, Tripler AS & Scidmore-Rossing K. (2023). Assessing

carrying capacity using demographics, visitor experience and field studies: the case of
Hanauma Bay Nature Preserve. Tourism Recreation Research, DOLI:
10.1080/02508281.2023.2173930.

LOCATION: Hanauma Bay, O‘ahu HI
TYPE: Field Study

In Text Citation: (Rodgers et al. 2023)
SUMMARY:

e Perceived visitor contact on the reef was compared to in situ snorkeling impact. These quantitative
observations reported an average of one reef disturbance for every two individuals.

e  Partial mortality occurred in 60% of coral colonies.

Materials and Methods:

e A social carrying capacity study was conducted upon reopening, following a nine-month
COVID-19 closure due to travel restrictions.

e Surveys were compared to three prior surveys conducted between 1990 and 2002 to provide a
larger historical context of social dynamics and perceived human impacts over time.

e Demographics, recreational activities, crowding perceptions, and educational availability were
assessed. Visitor activity photos and counts were evaluated in context with survey responses.

e Perceived visitor contact on the reef was compared to in situ snorkeling impact.

Discussion:

e  Visitor demographics have shifted in two areas, the number of first-time visitors and visitor origin.

e Satisfaction levels and perceptions of crowding to be inversely related. Low actual visitor counts
remained constant (~1500/day) due to new instituted limits, as did satisfaction levels.

e At the HBNP, the mandatory educational video, instituted in 2002, was perceived as the most
effective educational tool. This contrasts with signage, displays and the information booth.

e Activity interest was similar to the 2001 survey (Wanger, 2001) with snorkeling as the most
popular response. This has shifted since 1990 (Reynolds, 1990) when sunbathing was the most
popular activity.

e Across all surveys, respondents with no snorkeling experience ranged from 4% to 14%.

Conclusion:

e Management policies for social carrying capacity should align with those recommended for
biological carrying capacity to achieve the greatest success in balancing and maintaining both the
health of the ecosystem and the enjoyment of HBNP visitors.
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e High impact from human contact with the reef, found in this study, provide the impetus to institute
prevention strategies including floatation devices, snorkeling lessons, or exclusive zones for
novices.

Wanger, J.R. (2001). Interpretive Education as a Conservation Tool at Hanauma Bay Nature
Preserve, Hawaii. Master of Arts in Geography. University of Hawaii. 123p.
e SUMMARY:

e This thesis evaluates the degree of effectiveness of the Hanauma Bay Education Program as well
as examines the historical events, decision making processes and interest group dynamics that
have influenced the operation of HBEP.

e Interpretive Environmental Education at Hanauma Bay:

e Trampling was in higher occurrence at all tidal levels when the education program was closed.
While education program was open tramping presence appears to be around 6% of swimmers at
low, average and high tide. Very low tide saw no tramplers while the education program was open.

e Conclusions:

e Education efforts were found to contribute to increased awareness of rules and appropriate
behavior within the preserve resulting in behavior modifications. This awareness, however, did not
translate into an increased understanding of the Hanauma Bay environment.

Environmental CC Studies of Hbay:

Brock, R., & Kam, A. (2000). Carrying capacity study for the Hanauma Bay nature preserve:
final report. Honolulu: Department of Parks and Recreation. Carrying Capacity Study for
the Hanauma Bay Nature Preserve Final Report

e MAIJOR FINDINGS:
e Turbidity was higher in shallower sections with more visitors (Figure 8).
e  Algal growth was not much different from adjacent areas where people walk in treatments open to
grazing fish but away from trampling (Pg. 52).
e Found that there was no biological evidence from their preliminary findings that the number of
visitors should be increased or decreased over present levels.

105



