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Executive Summary 

The first quarterly report updated species inventories. The species archive—developed to 
augment Sea Grant’s photo repository for education and web display—now includes nearly 200 
taxa across fishes, invertebrates, and seaweeds, providing identification tools for resource 
managers and reef users. Detailed archives separated by biological groups were created to focus 
on fishes, invertebrates, and seaweed to provide in-depth identification tools for snorkelers. In 
addition, initial coral bleaching surveys (Task B) along permanent transects were completed in 
September 2025 and included in the first report. To support related research and comparative 
analysis (Task C), an updated annotated bibliography was included in the initial report. A 
section on marine debris (Task D) summarized internal responses, external data, and included 
recommendations for interagency coordination of marine debris removal and Alien Invasive 
Species (AIS) monitoring, community engagement, and policy enforcement for prevention.  

In this second quarterly report, analyses of current fish communities derived from ecological 
monitoring of reef fishes (Task A) conducted via fish transects on 14 October 2025 are 
included. Fish assemblages on the inner reef flat of Hanauma Bay were dominated by 
herbivores, particularly surgeonfishes, which drove overall community structure and biomass. 
Wrasses were also abundant but contributed less to biomass due to smaller body sizes, while 
larger parrotfishes and chubs played a disproportionate role in biomass. Overall, the reef flat 
reflects a grazing-dominated system supported by a mix of indigenous and endemic species, 
indicative of a functioning and protected nearshore reef ecosystem. 

Substrate material collection (Task C) occurred in October 2025, followed by compositional 
burn analyses in early 2026, with results reported here. Results indicate that sediment dynamics 
at HBNP are largely marine-derived rather than land-based. The reef flat site with the highest 
organic fraction occurred at Keyhole, while offshore organics were lower than comparable 2004 
measurements. Organic material is primarily attributed to marine sources, including fish 
detritus, reflecting the current high fish biomass and history of fish feeding. Terrigenous 
fractions detected both inshore and offshore are consistent with basaltic and olivine mineral 
signatures of volcanic origin rather than watershed runoff. Fine sediments were predominantly 
carbonate-based, and overall findings indicate minimal sediment influence from the adjacent 
undeveloped watershed. Current coral species tolerances to organic content and silt/clay remain 
within growth thresholds, with the exception of Montipora flabellata, which was observed in 
very low abundance. 

Finally, updates to other tasks outlined in the Scope of Work and prior management 
recommendations (Task E) are included for reference, with updated and additional guidance to 
be provided in the third quarterly and final reports. 
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Introduction 

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

The level of human use an area can withstand while still maintaining sustainability, is often 
referred to as its carrying capacity. However, in managing any conservation area, balancing 
recreation with ecosystem health is vital. Thus, our carrying capacity studies incorporate 
diverse dimensions: biological, social, and physical. 

In 2021, the first full year open following the pandemic, HBNP recorded 386,054 annual 
visitors, approximately 1,500 per day (excluding two weekly closure days). This is less than 
half of pre-pandemic visitation, when 842,439 annual visitors (~3,000/day) entered the Bay. 
Based on publicly available City & County box office data, visitation remained relatively 
consistent in the three years following reopening, with 365,744 visitors in 2022 (~1,400/day) 
and 383,930 visitors in 2023 (~1,477/day). 

Carrying capacity can serve as a benchmark to assess management strategies and guide 
adaptive decision-making. Although the complexity of marine ecosystems makes isolating 
specific impacts challenging, prior studies indicate growing concern for marine resources 
under increasing tourism pressure. Both direct and indirect impacts have been documented, 
including changes to fish and coral populations, nursery habitats, benthic composition, coral 
recruitment, disease prevalence, and sediment-related smothering. 

Quantifying human interaction and impacts within each reef environment is essential for 
defining acceptable disturbance limits. Carrying capacity studies have previously been 
conducted at Hanauma Bay under varying visitor densities. 

A biological carrying capacity study was conducted in 2020 during the COVID-19 closure 
(Severino et al., 2021), examining ecological responses to the anthropause and providing 
insight into recovery trajectories. While earlier work assessed physical and social carrying 
capacities, biological carrying capacity focuses specifically on marine ecosystem health in 
relation to visitor use. 

This current study builds on prior findings, integrating ecological monitoring, water quality 
analysis, and species documentation to advance long-term understanding of how human 
activity influences the sustainability of the Hanauma Bay Nature Preserve. 
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Scope of Work 2025/2026 
 

Status 
Report Task/Activity Progress/Results 

Task A: 

Inventory marine biological resources and inventory related terrestrial influences in the 
watershed. 

Activity 1:Ecological Monitoring of 
Fish; transect surveys for abundance and 
biomass. 

Fish surveys conducted 10/14/25. Results are 
included in the 2nd quarterly report. ​
See Appendix A for data. 

Activity 2: Species Inventory 
Updated inventory of fishes, corals, invertebrates, 
and macroalgae included in 1st quarterly report. 

Activity 3: Establish a scientific 
methodology for monitoring and 
analyzing the marine biological 
resources as well as the water quality for 
the Bay. 

Detailed methodologies for 11 recognized survey and 
collection techniques employed at the HBNP. See 
Appendix B for established methodologies included 
in the 2nd quarterly report.  

Task B: 

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. 

Activity 1: Human Impact from 
Trampling: Annual monitoring of 8 inner 
reef transects established during the 
2015/2016 coral bleaching event.  

Repeat surveys completed February 2026 to be 
included in the 3rd quarterly report.  

Activity 2: Visitor Data Request 
Received box office counts and associated 
demographic data from Lynette Liu for calendar 
years 2024 and 2025.  

Task C:  

Related Research and Comparative Analysis 

Activity 1: Collation of Related Research 
See 1st quarterly report for updated annotated 
bibliography. 

Activity 2: Water Temperature 
Monitoring 

Placement of temperature loggers in September 2025 
for all four main sectors of the Bay. 

Activity 3: Composition of Substrate 
Materials: carbonate vs. terrigenous 
fractions at differing depths 

Sediment composition analyses completed to include 
organic, carbonate, and terrigenous components for 
four inshore sectors and one outside sector. 

Task D: 

Work with the City and State agencies, respective officials, resource management staff. 

Activity 1: Water Quality 
GIS data water quality data from Dept. of Health 
(Jade Licudine) forthcoming. Analyses will be 
included in 3rd quarterly report. 

Activity 2: Marine Debris 
Marine debris summary included in 1st quarterly 
report. 

Task E:  Management Recommendations and 
Presentations 

Recommendations from previous years have been 
included in the 1st quarterly report. 
Recommendations for fiscal year 2025/2026 will be 
prepared in the final report. 
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Detailed descriptions and outcomes of work activities 
Task A: Inventory Marine Biological Resources and Terrestrial Influences 

Activity 1: Ecological Monitoring of Fish  

Ecological monitoring was completed October 14, 2025. DAR data has been requested and will be 
used in recommendations alongside the long-term dataset collected by the Coral Reef Ecology 
Laboratory.  
 
Methods 

A modified visual transect (line/belt/strip) (Brock, 1954) (species abundance methodology) is 
employed to quantify fish communities. The fish surveyor spools out the 82 ft (25 m) transect line 
while recording, species, size (total length [TL] in centimeters [cm]) and the number of individual 
fishes to 7 ft. (2 m) on each side of the 13 ft. (4 m total width) transect line. This eliminates 
changes in fish behavior and allows fishes to equilibrate from previous activity in contrast to 
laying a transect prior to the survey. All transects are perpendicular to shore. The surveyor records 
on a slate, equipped with underwater writing paper. All fishes within the linear transect from the 
bottom to the surface are recorded. 

Biomass estimates are derived through total length estimated to the nearest cm in the field and 
converted to biomass estimates (kg/m2) using length-weight fitting parameters. In estimating fish 
biomass from underwater length observations, most fitting parameters are obtained from the 
Hawai‘i Cooperative Fishery Research Unit consistent with previous analyses. Additionally, 
locally unavailable fitting parameters are obtained from Fishbase (www.fishbase.org) whose 
length-weight relationship is derived from over 1,000 references. The general trend for a 10 cm 
fish of the common fusiform shape should be approximately 10 g. Any gross deviations are 
replaced with values from the alternate source. 

Trophic categories include herbivores, invertebrate feeders, zooplanktivores, and piscivores. 
Trophic levels and endemism for fish species are also determined in these surveys. The trophic 
categories used by Brock (2000) were carnivores, herbivores, planktivores, omnivores, and 
corallivores. Trophic categories from 2019 forward are herbivores, invertebrate feeders 
(including sessile and mobile invertebrates, detritivores, and coralivores), zooplanktivores, and 
piscivores. These categories are similar to the functional groups used by Brock (2000) but are 
now comparable on a Statewide spatial scale over a similar temporal scale. These categories are 
similar to the functional groups used by Friedlander (2018). Herbivorous fishes diet consists 
primarily of algae, zooplanktivores feed in the water column on zooplankton, invertebrate 
feeders are described as fishes feeding on small benthic invertebrates and include corallivores 
that feed exclusively on corals, and piscivores that eat fishes and invertebrates. Friedlander 
(2018) is based on data that is a compilation of over 25 datasets containing greater than 25,000 
surveys collected between 2000 and 2018. The Hawai‘i Monitoring and Reporting Collaborative 
(HIMARC) is a consortium of managers and researchers throughout the Hawaiian Islands that 
collectively contribute monitoring and assessment data to the largest database for fishes in 
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Hawai‘i. 

Diversity was calculated using the Shannon-Weiner diversity index 𝐻′ = ∑𝑆   (𝑝ᵢ𝑙𝑛𝑝ᵢ). 

Where S is the total number of species present, and Pi is the relative cover of ith species. 
Biodiversity is an important indicator of change in an ecosystem. A diverse environment is a 
healthy system that can continue functioning. Negative changes to biodiversity indicate a decline 
in ecosystem function and health. 
 
 

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

The following quantitative assessment summarizes the fishes that were present on the inner 
reef flat of the HBNP in October 2025. 

Overall Abundance and Biomass 

Surgeonfishes (Acanthuridae) comprised approximately half of all individuals observed (53.6%, 
1.4 individuals/m²) and were also major contributors to total biomass (48.8%, 168.8 g/m²) (Fig. 
2). While surgeonfish abundance remained similar to previous surveys, their biomass increased 
by 7% relative to 2022. Wrasses (Labridae) represented the second highest abundance (20.2%, 0.5 
individuals/m²), while all other families each contributed less than or equal to 0.1 individuals/m² 
to total abundance in 2025. In the 2022 survey, parrotfishes (Scaridae) and chubs (Kyphosidae) 
comprised the second highest abundances (0.24 ± 0.07 individuals/m² and 0.24 ± 0.16 
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individuals/m², respectively).  

In 2025, surgeonfishes also contributed the greatest proportion of biomass, followed by 
parrotfishes (12.3%, 42.4 g/m²) and chubs (9.7%, 33.6 g/m²), while all other families each 
contributed less than 10% of total biomass. In contrast, 2022 surveys recorded chubs as having 
the highest overall biomass (52.8 g/m²), while parrotfishes ranked fourth (6.4 ± g/m²). Wrasses 
contributed substantially to overall abundance but did not contribute proportionally to total 
biomass, a pattern attributable to their relatively small body sizes. 
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Figure 2. Hanauma Bay reef flat overall abundance (individuals/m2) and biomass (g/m2) by fish 
family in 2025. 

Species Abundance and Biomass 

In 2025, the brown surgeonfish, ma‘i‘i‘i (Acanthurus nigrofuscus), was the most abundant 
species (0.6 Ind/m²) and ranked fifth in biomass (27.1 g/m²) (Fig. 3). Following the brown 
surgeonfish, the next most abundant species were the saddle wrasse, hinalea (Thalassoma 
duperrey, 0.3 Ind/m²), the convict tang, manini (Acanthurus triostegus, 0.2 Ind/m²), the ringtail 
surgeonfish, pualu (Acanthurus blochii, 0.2 Ind/m²), and the orangespine unicornfish, 
umaumalei (Naso lituratus, 0.2 Ind/m²). 

The orangespine unicornfish, umaumalei (Naso lituratus), had the highest biomass (56.6 g/m²) 
(Fig. 4), followed by the spectacled parrotfish, uhu uliuli (Chlorurus perspicillatus, 34.3 g/m²). 
Other species contributing notably to biomass included chubs (Kyphosus spp.), ringtail 
surgeonfish, brown surgeonfish, and the whitespotted surgeonfish (ʻapi, Acanthurus guttatus). 
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Figure 3. Hanauma Bay reef flat overall top 10 species by abundance (individual/m2) in 2025. 
(marinelifephotography.com) 
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Figure 4. Hanauma Bay reef flat overall top 10 species by biomass (grams/m²) in 2025. 
(marinelifephotography.com) 

 

Size Class 

Recorded fishes were grouped into five size classes: <10 cm (3.9 in), 10.0–19.9 cm (3.9–7.8 in), 
20.0–29.9 cm (7.9–11.7 in), 30.0–39.9 cm (11.8–15.7 in), and >40 cm (>15.7 in). The majority of 
fishes observed (56%) fell within the 10.0–19.9 cm size class. Individuals <10 cm and 20.0–29.9 cm 
comprised 13% and 24% of observations, respectively (Fig. 5). 

Overall size structure was similar to 2022 surveys, and average fish size increased between 2020 and 
2022. Although representation of larger size classes had increased in previous years, no fishes greater 
than 40 cm were recorded in 2025 surveys, compared to 2022, when this size class comprised 5% of 
individuals observed along transects. 
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Figure 5. Pie chart showing percentage of observed fishes in each of four size classes in 2025. 

  

Breakdown by sector 

Channel supported the greatest number of fish individuals (41.5 +/- 11.3 individuals) and the 
highest biomass (73.7 +/- 22.6 g/m²) compared to the other sectors. Elevated abundance and 
biomass in Channel were driven by high numbers of wrasses and large surgeonfishes, along 
with a few very large individuals, including a school of four umaumalei, orangespine 
unicornfish (Naso lituratus), and a single blue scrawled filefish (Aluterus scriptus). 

Backdoors had the second highest number of fishes (34.0 +/- 12.7 individuals) along transects 
but only the third highest biomass (31.6 +/- 3.8 g/m²), reflecting the dominance of smaller size 
classes of surgeonfishes and wrasses.  

Keyhole supported slightly fewer fishes (27.5 +/- 0.7 individuals) than Backdoors, but 
substantially lower biomass (18.4 +/- 7.6 g/m²), the lowest of all four sectors. This reduced 
biomass is likely driven by both lower abundances and smaller size classes of surgeonfishes 
and wrasses observed along transects.  

Although Witches Brew had the second highest fish biomass (49.3 +/- 27.5 g/m²), it supported 
the lowest number of individuals (22.5 +/- 9.2 individuals) among sectors. Most fishes 
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observed at Witches Brew exceeded 20 cm in length, including several large (>30 cm) 
surgeonfishes, chubs, and a parrotfish. 

Channel had the highest diversity index (2.7 +/- 0.2), followed by Keyhole (2.0 +/- 0.5), 
Backdoors (1.7 +/- 0.1) and Witches Brew (1.5 +/- 0.5) (Fig. 6). Acanthurids comprised nearly 
50% of fish abundance across all transects, with the exception of Channel A, which exhibited 
the highest species diversity (Fig. 7). Wrasses were the second most abundant fish family 
along transects.  

 

 

Figure 6. Average fish abundance and biomass at each sector on the Hanauma Bay reef flat in 2025. 
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Figure 7. Percent individuals by family on each transect in 2025. 

  

Trophic Levels 

Trophic structure was largely herbivore-dominated across transects; however, Channel A differed in 
composition, with invertebrate feeders comprising the dominant group (62% of individuals; Fig. 8). 

Across the inner reef flat of Hanauma Bay, herbivores accounted for the majority of both individuals 
(63%) and biomass (75%). Invertebrate feeders represented the second most abundant trophic group 
(individuals: 34%, biomass: 19%), followed by piscivores, which comprised a relatively small 
proportion of the assemblage (individuals: 3%, biomass: 6%) (Fig. 8). The only corallivorous fishes 
noted along transects were two species of butterflyfishes (Chaetodontidae) along transect Channel A: 
two ornate butterflyfish (kīkākapu, Chaetodon ornatissimus) and one fourspot butterflyfish (lau hau, 
Chaetodon quadrimaculatus).  
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Figure 8. Percentage of individuals and biomass within each trophic level at each transect in 2025. 

  

Endemism 

At Hanauma Bay, the majority (67%) of fishes are indigenous, naturally occurring in Hawaiʻi, 
but also found in other parts of the world. Of the remaining fishes on the inner reef flat of 
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Hanauma Bay, 32% of fishes were endemic, found only in Hawaiʻi, and 2% of individuals were 
non-native species. Endemism remains higher at HBNP than the statewide average.. 

The Hanauma Bay Nature Preserve has three introduced and invasive species of fishes, ta‘ape, 
toa‘u, and roi. Introduced species have become common on reefs in the Hawaiian Islands. The 
Division of Aquatic Resources originally known as the Hawai‘i Fish and Game 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. Lutjanus kasmira (ta’ape) the Blue-stripe snapper 
and Lutjanus fulvus (to’au) the Black-tail snapper have become widely established, while the 
third species, Lutjanus gibbus, the Humpback red snapper, is extremely rare. The more 
common of the non-native snappers, L. kasmira, (ta‘ape) was introduced from the Marquesas 
in 1958, while L. fulvus (to‘au) was imported two years earlier in 1956. Although only 3,200 
L. kasmira (bluestripe snapper, 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 (roi) introduced by the state for commercial purposes in 1956 from 
Moorea, French Polynesia, originally had more popularity as a food fish than the introduced 
snappers. Its attractiveness as a food fish rapidly declined as cases of ciguatera poisoning 
increased. This opportunistic feeder is perceived by many local fishermen as unsafe to 
consume and in direct competition with them because it preys upon native fish species. 
However, the attractive colors of the peacock grouper make it a popular snorkeler sighting. 

Summary of Results and Discussion 

Overall, the inner reef flat of Hanauma Bay continues to support a functionally 
herbivore-dominated assemblage with higher than average endemism and spatially 
heterogeneous diversity patterns—hallmarks of a protected but dynamic nearshore reef system. 
Similar to previous years, the 2025 surveys indicate a reef flat assemblage strongly structured 
by herbivory, with surgeonfishes playing a central ecological role in both abundance and 
biomass. Transect-level contrasts reveal habitat-driven structuring of fish communities, where 
some areas support dense schools of smaller fishes while others harbor fewer but larger-bodied 
individuals that disproportionately contribute to biomass. The lack of fishes  greater than 40 
cm in size class in 2025 warrants continued monitoring, as large-bodied fishes are key 
contributors to reproductive output, trophic regulation, and reef resilience. 

 

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

The following methodologies have been added to Appendix B: 

1.​ Sediment Techniques 
a.​ Sediment Composition Method 
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b.​ Sediment Grain Size Method 
2.​ Photographic Survey Techniques 

a.​ Photographic Survey Method 
b.​ 2015 Jokiel et al. Method 

3.​ Fish Survey Techniques 
a.​ Fish Survey Method 
b.​ 2019 Friedlander et al. Fish Calibration Method 

4.​ Spatial Complexity Method 
5.​ Other Sources 
6.​ Temperature Monitoring 

a.​ In situ Temperature Monitoring 
b.​ 2015 Bahr et al. Temperature Logger Method 

7.​ Turbidity and water clarity Method 
8.​ Current Methodology 

a.​ Currents Method 
b.​ 2017 Rodgers et al. Coral Bleaching and Current Method 

9.​ DOH 2024 Water Quality Method 
10.​Coral Reef Assessment and Monitoring Program (CRAMP) Long-Term Method 
11.​Social Carrying Capacity Method 

 
 

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 
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.  

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 were conducted in 
February 2026 to document recovery. Analyses are pending and will be included in the 3rd quarterly 
report. 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 received box office counts and associated demographic data from the Hanauma Bay 
Management (Lynette Liu) for calendar years 2024 and 2025. A data summary will be included in the 
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3rd quarterly report.  
 
Task C: Related Research and Comparative Analysis 
Activity 1: Collation of Related Research 
Nine papers were added to the annotated bibliography in the 1st quarterly  report. 

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 (See site map Figure 1). Loggers are set to automatically log temperature once 
every hour. 

Activity 3: Composition of Substrate Materials 
Sediment can be important in determining the condition or state of the reefs. It can determine the wave 
regime and other stresses to the environment and biota.   

Sediments containing high levels of organics and high silt/clay are indicative of areas heavily impacted 
by sedimentation, while those with high organics and low silt/clay may indicate anthropogenic stress 
from nutrification or enhanced fish feeding. When silt/clay overwhelm the system, sedimentation 
becomes the dominant forcing function on community structure.  

Sites that have high proportions of basalt and low levels of carbonate have low coral cover and are 
primarily dominated by Cauliflower coral, a pioneer species found in shallow, high wave energy 
environments. Many sites with north-facing exposures have high percentages of large grain sizes.  This 
may be attributed to strong currents and high waves that flush and remove fines. 

Methods 
Sediment may be collected and burned at different temperatures to determine the organic (material 
once alive) and carbonate and basalt content. 

Sediments were collected in 2025 from sand areas within the reef flat at Back Door, Keyhole, Channel, 
and Witches Brew. To compare with historical data, the Offshore sediment was collected from 3 m 
(10.3 feet) depth at the Coral Reef Assessment and Monitoring (CRAMP) site outside the Witches 
Brew reef flat. Approximately 500 cm3 of sediment are collected by hand along the transect at each 
site and secured in sediment collection sample bags. Sediment composition was determined using 
standard loss on  ignition procedures (Parker 1983, Craft et al. 1991). To determine the 
inorganic-organic carbon fraction, 20 g of bulk sediment was finely ground using a mortar and pestle. 
Subsamples were taken from each replicate to determine variability. Samples are subsequently oven 
dried for 10 h at 100 oC to remove moisture, placed in a glass desiccator and weighed. To remove the 
organic fraction, 10 g are burned in a muffle furnace for 12 h at 500 oC (LOI500), placed in a desiccator 
and weighed (Parker 1983; Craft et al. 1991). For removal of carbonate material, samples are placed in 
a muffle furnace for 2 h at 1000 oC (LOI1000), cooled in a desiccator and weighed (Craft et al. 1991). 
Replicate samples for each site were averaged to account for within site variability. The percentage of 
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organic material and the carbonate fraction are calculated from these data. The remaining material is 
considered terrigenous. This includes land derived basalt, silicates, other rock debris, minerals and 
clays that are deposited in the ocean through weathering and erosion. Organic material calculated 
separately can be land or ocean derived from the breakdown of plants and other biological materials. 

Results 
The organic fraction by sector determined Channel (3.8%) and Back Door (3.7%) were similar while 
Witches Brew (3.2%) was the lowest and Keyhole was highest (4.6%) (Fig. 9).  

 

Figure 9. Percent sediment fractions of organics, carbonates, and terrigenous materials for inshore and 
offshore sites at the Hanauma Bay Nature Preserve in 2025. 

The 3 m site outside Witches Brew (3.8%) was compared to results from CRAMP 2004 at the same 
location (4.7%) and found to be considerably lower. No historical data is available for the inshore sites. 
The 10 m CRAMP site in 2004 had the highest organic fraction (5.0%) of other marine managed areas 
on O‘ahu (Fig. 10, Table 1).  

Table 1. Depth, year of collection, and percent sediment fractions of organics, carbonates, and 
terrigenous materials for O‘ahu marine managed areas. 

Site Collection 
Year 

Depth 
(m) 

Organics 
(%) 

Carbonates 
(%) 

Terrigenous 
(%) 

Pūpūkea 
MLCD 

2004 3 2.34 96.03 1.62 

Pūpūkea 
MLCD 

2004 10 2.34 95.68 1.98 

Waikīkī 
FMA 

2004 2-12 3.45 94.45 2.1 
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Hanauma 
Bay MLCD 

2004 3 4.65 46.51 48.84 

Hanauma 
Bay MLCD 

2004 10 4.97 58.97 36.06 

Hanauma 
Bay MLCD 

2025 1-2 3.8 30.33 62.86 

Hanauma 
Bay MLCD 

2025 3 3.8 17.84 75.95 

  

  

 

Figure 10. Percent sediment fractions of organics, carbonates, and terrigenous materials for O‘ahu 
marine managed areas in 2004 and Hanauma Bay Nature Preserve in 2025. 

Highest organics among O‘ahu sites in 2004 were in Kāne‘ohe Bay ranging from a low of 7.4% at 
Moku o Lo‘e to a high of 17.1% at Ka‘alaea. Hanauma Bay’s high terrigenous input inshore (62.9%) 
and offshore (76.0%) is indicative of land-based basalt and olivine of volcanic origin not of terrigenous 
runoff. This conclusion is based on historical data that has determined low levels of silt and clays 
associated with land runoff. Sediments with high organics and low silt/clay may indicate 
anthropogenic stress from nutrification or enhanced fish feeding. Along with terrigenous input, organic 
contributions can be derived from marine sources such as decomposing algal material or fish detritus. 
Sites with high organic levels are highly correlated with the silt/clay fraction (<63 µm) with the 
exceptions of Hanauma Bay and Molokini Island on Maui. These anomalies have 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. Explanations for the high organics and low silt/clay 
found at Hanauma Bay and Molokini can be explained by a low contribution of terrigenous material in 
the surrounding watershed, a past or current history of fish feeding, and/or high fish biomass. These 

20 



 

two of the 65 sites compared have all three characteristics with very low influence from the 
undeveloped adjacent watershed, extremely high fish populations, and a history of fish feeding. 

 

Figure 11. Percent sediment fractions of organics, carbonates, and terrigenous materials for O‘ahu 
Coral Reef Assessment and Monitoring sites in 2004 (Rodgers 2005). The Loss on Ignition (LOI) 
indicates the fraction of organics, while the H2CO3 represents the fraction of carbonates.  

Coral Species Tolerances 
To determine coral species tolerances to organics and silt, relative percent coral cover of each taxon 
was previously plotted against percent organics and percent silt (Table 2). Thresholds were extremely 
low for the Blue Rice Coral (Montipora flabellata) and Cauliflower Coral (Pocillopora meandrina). 
Finger  Coral (Porites compressa) and Lobe Coral (Porites lobata) appear to have a higher tolerance to 
silt. This can be site specific where acclimation or adaptation to fine sediments and nutrients increase 
this threshold. Lower growth rates in Kāne‘ohe Bay led to speculation of higher tolerances for 
Montipora capitata than for Porites compressa.  M. flabellata’s occurrence at low silt levels may be a 
function of its distribution rather than its tolerance level. M. flabellata  occurs in high wave energy 
environments where finer grain-sizes are winnowed out. M. flabellata  thrives in organic levels below 
those found at the HBNP however, it is found in very low abundance on the reef flat there. 

All species were found at highest mean wave heights except P. compressa whose threshold is near the 
highest levels of wave heights. Morphological within species plasticity may explain this. An example 
of morphological changes in response to wave action would include the plate form of M. capitata in 
high energy environments and the branching form in low wave energy environments. Encrusting or 
lobate forms of corals dominate high wave energy environments while branching, more delicate forms 
are correlated with low energy environments. This is also correlated with skeletal strength where 
species found in areas of lower energy have lower compressive and tensile strengths (Rodgers et al. 
2003, Storlazzi et al. 2005. 
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Table 2. Dominant coral species derived from over 65 sites in the main Hawaiian Islands by Rodgers 
(2005) showing the threshold of organics and silt/clay fractions that corals can tolerate. 

Species tolerances Organics 
(%) 

silt/clay 
(%) 

Mean wave 
height (ft) 

Montipora flabellata 4 1 7 

Montipora capitata 15 62 7 

Montipora patula 11 50 7 

Pocillopora meandrina 11 9 7 

Porites compressa 17 62 6 

Porites lobata 23 50 7 

 

Principal Components Analysis (PCA) combines and reduces large data sets with many variables and 
helps visualize and analyze graphically (Fig. 12). A PCA elucidates trends and patterns by determining 
and displaying how much of the variance can be explained by each of the variables. The variables used 
at each of 65 sites include sediment grain-size: Silt/Clay, Fine sand, Medium size, Coarse, and Gravel. 
Sediment composition variables include: Organics, Carbonates, and Terrigenous materials. The sites 
that are in close proximity to one another in the graph are most similar while the ones further in 
ordination space are dissimilar and unrelated. The direction the site is oriented explains how strong the 
variable influences are. For example, Hanauma Bay sites group with the bays and protected sites 
orienting towards the low silt and moderate organics. 
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Figure 12. Principal Components Analysis graph depicts site differences and similarities in sediment 
components for Coral Reef Assessment and Monitoring sites in 2004 (Rodgers 2005). Hanauma Bay 
sites (OaHan3, OaHan10 (meters) fall within the Bays and Protected sites grouping on the mid-left. 
  
Summary 
The culminating focal points derived from current analyses and historical comparisons summarize the 
sediment analyses as related to the HBNP. 

▪     The organic fraction for reef flat sites with the highest organic percentages was in the Keyhole. 
▪     Organics at the offshore site was lower when compared to an equivalent site in 2004. 
▪     Organics at the HBNP are derived from marine sources such as fish detritus due to high fish biomass. 
▪     Extremely high fish populations and a history of fish feeding contributes to organic levels. 
▪     High terrigenous input inshore and offshore is indicative of land-based basalt and olivine of volcanic 

origin not from terrestrial runoff. 
▪     Fine sediments found at the HBNP are mainly ocean carbonate based not land derived. 
▪     The HBNP shows very low sediment influence from the undeveloped adjacent watershed.  
▪     Coral species tolerances to organics and silt/clay are currently within the levels for coral growth at the 

HBNP with the exception of M. flabellata found in very low abundance. 
  
 

 
Task D: Work with Collaborating Agencies toward Resource Management 
Activity 1: Water Quality 
The Hawaiʻi 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 Oʻahu Marine Life 
Conservation Districts (MLCDs); Waīkīkī and Pūpūkea-Waimea.  

 
Task E: Management Recommendations and Presentations 
Recommendations from previous years have been included in the 1st quarterly report. 
Recommendations for fiscal year 2025/2026 will be prepared in the final report. 
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Appendix A. Species Inventory 
Table 1. Fish transect data from surveys conducted by Dr. Kuʻulei Rodgers at Hanauma Bay, 
Oʻahu, Hawaiʻi on October 14, 2025.  

 
TRANSECT SPECIES Number AvgLgth 
Backdoors A Acanthurus triostegus 2 15 
Backdoors A Acanthurus guttatus 2 22.5 
Backdoors A Acanthurus nigrofuscus 2 15 
Backdoors A Acanthurus nigrofuscus 12 12 
Backdoors A Abudefduf sordidus 1 12 
Backdoors A Abudefduf sordidus 1 15 
Backdoors A Scarus rubroviolaceus 1 30 
Backdoors A Stethojulis balteata 1 6 
Backdoors A Naso lituratus 1 30 
Backdoors A Kyphosus species 1 22 
Backdoors A Acanthurus blochii 1 25 

    
Backdoors B Acanthurus triostegus 1 6 
Backdoors B Acanthurus triostegus 2 12 
Backdoors B Acanthurus triostegus 5 15 
Backdoors B Acanthurus nigrofuscus 1 10 
Backdoors B Acanthurus nigrofuscus 11 12 
Backdoors B Naso lituratus 2 25 
Backdoors B Acanthurus guttatus 2 22.5 
Backdoors B Acanthurus guttatus 1 15 
Backdoors B Stethojulis balteata 4 7 
Backdoors B Rhinecanthus rectangulus 1 14 
Backdoors B Thalassoma duperrey 1 6 
Backdoors B Thalassoma duperrey 11 12 
Backdoors B Thalassoma purpureum 1 8 

    
Keyhole A Caranx melampygus 1 30 
Keyhole A Naso lituratus 2 22.5 
Keyhole A Abudefduf sordidus 1 12 
Keyhole A Acanthurus triostegus 1 12 
Keyhole A Acanthurus nigrofuscus 2 15 
Keyhole A Acanthurus nigrofuscus 7 12 
Keyhole A Rhinecanthus rectangulus 1 16 
Keyhole A Chaetodon lunula 1 14 
Keyhole A Chlorurus perspicillatus 1 12 
Keyhole A Chlorurus perspicillatus 1 20 
Keyhole A Thalassoma duperrey 2 8 
Keyhole A Thalassoma duperrey 1 15 
Keyhole A Stethojulis balteata 1 8 
Keyhole A Thalassoma trilobatum 1 17 
Keyhole A Acanthurus leucopareius 1 15 
Keyhole A Anampses cuvier 1 20 
Keyhole A Gomphosus varius 1 10 
Keyhole A Scarus dubius 1 10 

 



 

    
Keyhole B Chaetodon lunula 2 15 
Keyhole B Thalassoma duperrey 2 8 
Keyhole B Thalassoma duperrey 5 6 
Keyhole B Acanthurus nigrofuscus 12 12 
Keyhole B Naso lituratus 1 20 
Keyhole B Acanthurus nigrofuscus 1 10 
Keyhole B Stethojulis balteata 1 6 
Keyhole B Acanthurus xanthopterus 1 18 
Keyhole B Kyphosus species 1 25 
Keyhole B Zanclus cornutus 1 12 
Keyhole B Abudefduf sordidus 1 15 

    
Channel A Lutjanus fulvus 1 20 
Channel A Thalassoma duperrey 2 12 
Channel A Thalassoma duperrey 1 15 
Channel A Thalassoma duperrey 3 10 
Channel A Caranx melampygus 1 25 
Channel A Chaetodon lunula 1 16 
Channel A Stethojulis balteata 2 10 
Channel A Stegastes marginatus 1 16 
Channel A Lutjanus kasmira 1 25 
Channel A Chlorurus perspicillatus 2 30 
Channel A Rhinecanthus rectangulus 4 22.5 
Channel A Naso lituratus 2 28.5 
Channel A Acanthurus nigrofuscus 1 18 
Channel A Aluterus scriptus 1 35 
Channel A Cephalopholis argus 1 35 
Channel A Parupeneus multifasciatus 1 16 
Channel A ectroglyphidodon imparipen 2 4 
Channel A Chaetodon quadrimaculatu 1 15 
Channel A Acanthurus triostegus 1 15 
Channel A Canthigaster jactator 2 10 
Channel A Chaetodon ornatissimus 2 22 
Channel A Acanthurus guttatus 1 30 

    
Channel B Stegastes marginatus 1 6 
Channel B Thalassoma duperrey 2 8 
Channel B Thalassoma duperrey 1 12 
Channel B Stethojulis balteata 4 10 
Channel B Parupeneus multifasciatus 1 12 
Channel B Parupeneus bifasciatus 1 10 
Channel B Acanthurus nigrofuscus 4 14 
Channel B Acanthurus nigrofuscus 1 10 
Channel B Acanthurus nigrofuscus 2 12 
Channel B Acanthurus nigrofuscus 5 14 
Channel B Ctenochaetus strigosus 2 16 
Channel B Kyphosus species 1 35 
Channel B ectroglyphidodon imparipen 1 4 

 



 

Channel B Naso lituratus 4 27 
Channel B Gomphosus varius 1 8 
Channel B Gomphosus varius 2 15 
Channel B Rhinecanthus rectangulus 2 15 
Channel B Chaetodon auriga 2 22 
Channel B Lutjanus fulvus 1 28 
Channel B Acanthurus xanthopterus 1 18 
Channel B Acanthurus xanthopterus 2 30 
Channel B Acanthurus triostegus 1 8 
Channel B Acanthurus triostegus 5 7 
Channel B Chaetodon lunula 1 12 
Channel B Acanthurus olivaceus 2 22 

    
Witches Brew A Stegastes marginatus 1 12 
Witches Brew A Acanthurus triostegus 5 12 
Witches Brew A ectroglyphidodon imparipen 1 4 
Witches Brew A Rhinecanthus rectangulus 3 18 
Witches Brew A Parupeneus porphyreus 1 22 
Witches Brew A Naso lituratus 2 25 
Witches Brew A Naso lituratus 1 30 
Witches Brew A Kyphosus species 1 35 
Witches Brew A Scomberoides lysan 1 30 

    
Witches Brew B Kyphosus species 2 35 
Witches Brew B Acanthurus blochii 20 25 
Witches Brew B Chaetodon auriga 1 18 
Witches Brew B Chaetodon auriga 2 16 
Witches Brew B Chlorurus perspicillatus 1 38 
Witches Brew B Scomberoides lysan 1 20 
Witches Brew B Caranx melampygus 2 20 
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Sediment Composition 
Prepared by: Bahr Marine Ecology Lab 
Last Updated: January 2023 
Safety Precautions: 

• Required PPE – Gloves, Closed-toe shoes
Purpose: 

• To analyze the composition of sediment based on weight differences (loos on ignition)
after burning

Materials: 
• Spoon
• Petri dish
• Sediment grinder
• Glass vials
• Ceramic crucibles
• Scale
• Drying oven
• Muffle Furnace
• Desiccator

Preparation 
• Collect 3-4 spoonfuls of sediment and spread out in a petri dish to dry (~2-4 weeks).

Be sure to take a representative subsample from that site and homogenize (there may
be fines on the bottom of bag, etc.).

• Once dry, grind sediment to a fine powder with grinder. Place ground samples into
glass vials labeled with site name. Ensure glass vials are full of ground sample (~25 -
30g of sediment).

• Weigh ceramic crucibles and record weights. Record which crucible number
corresponds to each sample in notebook for proper identification. Crucibles cannot be
labeled as Sharpie or pencil will burn off. Use heat resistant permanent marker and
map position in furnace and in desiccator.

• Homogenize ground sediment sample and place ~10g into each crucible. Weigh
crucible with sediment and record weight in notebook.

Sediment Techniques- Sediment Composition Method
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Composition Burns 
• 100°C for 10 hours

o Use drying oven
o After 10 hours at 100°C, place crucibles into desiccator with vent overnight
o Once cool, weigh crucibles and record weights (removal of all moisture)

• 500°C for 12 hours
o Use muffle furnace. Place crucibles inside before turning on, but allow at least

45 minutes for furnace to reach 500o temperature before starting 12-hr timer.
o After 12 hours at 500°C, use heat resistant gloves and tongs to transfer

crucibles to desiccator with vent overnight
o Once cool, weigh crucibles and record weights (removal of organic fraction)

• 1,000°C for 2 hours
o Use muffle furnace. Place crucibles inside before turning on but allow at least

1-1 ½ hours for furnace to reach temperature before starting 2-hr timer.
o After 2 hours at 1,000°C, use tongs to transfer crucibles to desiccator with vent

overnight. Be very careful when removing from furnace. Even when using
tongs, arm hair can burn off.

o Once cool, weigh crucibles and record weights (removal of carbonate fraction)
• Calculate percent organic, carbonate, and terrigenous fractions from weight differences

between burns
o The sediment remaining is of terrigenous origin
o Note: no need to conduct multiple weighting of crucibles because desiccator

keeps moisture out

Quality Assurance and Control Methods 
Proper protocols and training must be implemented to ensure the quality of data generated in 
the laboratory. Quality control measures are outlined in each protocol to ensure data generated 
are of accurate quality. Researchers must ensure that all equipment is accurately calibrated, 
inspected, and maintained according to the manufacturer’s instructions. Data must be entered 
in Excel spreadsheets by one individual and QA-QC checked by a different individual.   

Data Review  
All laboratory data will be reviewed for completeness and transfer errors. Data will be 
reviewed by a second individual after entry into Excel spreadsheets by comparing the entered, 
electronic data to the original records (e.g., hand-written datasheets or laboratory 
notebooks).  Data will be summarized as descriptive statistics and in tabular and graphical 
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form to allow visual inspection and verification, and comparison to expected or target 
values.    

Data Verification   
Data will be checked for compliance with the procedures outlined in the SOPs and OPs.  Any 
deviations from those procedures and the impact on the quality of the data will be assessed and 
discussed with Task Members. Any laboratory data outliers will be flagged.  

Data Validation  
Once the data has been reviewed and verified, it will be assessed to determine the overall 
acceptability of the objectives of the project.  Blank samples, such as with water quality 
testing, will be used to determine any biases or instrument calibration issues during the sample 
collection and analysis processes.  Control samples will be used to determine the condition of 
the experimental test specimens in the absence of experimental treatments or exposures.  Any 
errors in datasets detected will be discussed with lab members and project leads to determine 
the impact on the data and its use for the project.  If there are any limitations to the data, they 
will be disclosed as part of the published literature.  

Procedure Specific QA/QC Methods 
Equipment Management 
The electronic balance will be properly cleaned and calibrated before and after each use to 
prevent inaccurate measures of sample weight. No hot items will be placed on the balance to 
prevent damage to the mechanics. The oven will be placed is a proper place away from 
flammable or combustible materials.  

Cooling Practices 
Crucibles will be allowed to cool in a clean, dry place that is out of direct drafts. A lid or cover 
will be placed over the crucibles as they cool to prevent debris or other particulate from 
landing in the samples and skewing the data.  

Data Quality Indicators for Off-Site Analyses 
The accuracy of measurements is limited by sampling techniques, storage conditions, 
equipment, and, the capability of the operator.  To achieve the best possible results 
special care is taken to address the level of uncertainty associated with each measurement.  
• Accuracy is determined by comparison of a first sample with a second sample
collected on the same transect. A replicate sample is a separate sample taken close to the first
sample.  Each replicate sample is processed and analyzed in an identical manner.  Replicates
are taken to determine representation of the entire transect.
• Precision is addressed by sediment subsamples. Standard deviations are used as an
indicator of agreement. A subsample is a portion of the sample taken as part of the sample.
Subsamples are averaged to address within sample variability.  Acceptable levels for organics
is 0.5% of the sample, for higher carbonate composition, acceptable levels are within 10% of
the total sample, and for terrigenous material 5% of the total.  This was determined by
assessing within transect variability.
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• Completeness obtained is >90% of the expected 100% for valid, usable data.
Occasional spills are recorded.  Mistakes are minimized by weighing and checking all data in
triplicate.
• Comparability is assured by requiring all standard procedures are strictly adhered to.
All data entry is entered into identical spreadsheets using identical units and formulas.
• Detection limits: grain size sieving efficiency and accuracy increases with smaller
sample sizes thus we use a 50 g thoroughly homogenized wet aliquot from each sample.  The
finer size grains also determine efficiency (Royse, 1970).
• Detection limits for sediment composition all samples are weighted using a Mettler
Toledo   Model: #AB 104  Certification Type: COC.  We weigh sediments to 1000th of a
gram.  Quality Control Services calibrates this balance annually and has detected very minimal
drift.  Changes in weight due to humidity are minimized by storage in desiccators between
weighings.
• The Isotemp Muffle Furnace 550 Series Model 58 performance characteristics include:
Operating range: 500C to 11250C, Avg Temperature Stability: ±10C, Set Point Repeatability:
±10C, Set Point Accuracy: ±100C, Rise Time: 25 min., Recovery Time: 10 min., and Cool
Down Time: 25 min.
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Sediment Grain Sizes 
Prepared by: Bahr Marine Ecology Lab 
Last Updated: January 2023 
Safety Precautions: 

• Required PPE – Gloves, Closed-toe shoes
Purpose: 

• To sort sediment by size
Materials: 

• Filter paper (Whatman 114 185mm Wet Strengthened Circles)
• Funnels
• Jars
• Sieves (No. 7, 35, 60, 230)
• Squirt bottle

Preparation 
• Fold filter papers into fourths to create a cone shape, weigh, and write the weight on

each side of the filter in pencil
• Set up 6 jars or beakers with funnels on top

• Label a set of 6, PRE-WEIGHED (ex.Whatman 114 wet strength) filter papers with the
site name, and numbered 1-4, 5a, and 5b

• For example, if the site name is “F3b,” then all filters papers will say “F3b 1,” “F3b 2,”
“F3b 3,” “F3b 4,” “F3b 5a,” and “F3b 5b.” Then it should have the mass of filter paper
after it.

• Numbers 1-5 on filter papers correspond to grain size as follows:
§ 1- Gravel
§ 2 - Coarse
§ 3 - Medium
§ 4 - Fine
§ 5 (a & b)- Silt/Clay

Using the Sieves: 

Sediment Techniques- Sediment Grain Size Method
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• Stack sieves in order from top to bottom: No. 7 (>2.8 mm), 35 (500 um- 2.8 mm), 60
(500-250 um), 230 (63-250 um), then catch pan (<63 um on the bottom (largest to
smallest mesh, top to bottom). Wentworth scale (Folk 1974)

• One spoonful of sediment sample is enough for processing. Make sure you mix the bag
so you are collecting a good representative sample from that site (there may be some
rubble on the bottom of the bag, etc.). Average replicate and subsamples to reduce
variability.

• Use tap water to rinse sediment down through each sieve. Use a squirt bottle with tap
water to rinse the sediment retained on each sieve into its respective filter. Rinse down
sediment to the bottom of each filter, then lay it on a tray to dry. Once dried, filters
must be weighed three times on three different days.

Tips/Reminders: 
• Check the catch pan once or twice during processing to make sure you are not

overflowing it
• Don’t stack the sieves too tightly on top of each other, may be difficult to break loose

causing spills
• Make sure to write filter masses (weights) in notebook and site name
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• Remember to check off bag and checklist when done processing grain size and keep
together in same area!

Quality Assurance and Control Methods 
Proper protocols and training must be implemented to ensure the quality of data generated in 
the laboratory. Quality control measures are outlined in each protocol to ensure data generated 
are of accurate quality. Researchers must ensure that all equipment is accurately calibrated, 
inspected, and maintained according to the manufacturer’s instructions. Data must be entered 
in Excel spreadsheets by one individual and QA-QC checked by a different individual.   

Data Review  
All laboratory data will be reviewed for completeness and transfer errors. Data will be 
reviewed by a second individual after entry into Excel spreadsheets by comparing the entered, 
electronic data to the original records (e.g., hand-written datasheets or laboratory 
notebooks).  Data will be summarized as descriptive statistics and in tabular and graphical 
form to allow visual inspection and verification, and comparison to expected or target 
values.    

Data Verification   
Data will be checked for compliance with the procedures outlined in the SOPs and OPs.  Any 
deviations from those procedures and the impact on the quality of the data will be assessed and 
discussed with Task Members. Any laboratory data outliers will be flagged.  

Data Validation  
Once the data has been reviewed and verified, it will be assessed to determine the overall 
acceptability of the objectives of the project.  Blank samples, such as with water quality 
testing, will be used to determine any biases or instrument calibration issues during the sample 
collection and analysis processes.  Control samples will be used to determine the condition of 
the experimental test specimens in the absence of experimental treatments or exposures.  Any 
errors in datasets detected will be discussed with lab members and project leads to determine 
the impact on the data and its use for the project.  If there are any limitations to the data, they 
will be disclosed as part of the published literature. Remove gravel fraction (>2.8 mm) from 
calculations that may skew data. 

Procedure Specific QA/QC Method 
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Equipment Maintenance 
All sieves will be properly cleaned and dried before and after use to prevent deterioration of 
the sieve and thereby inaccurate separation of the size fractions. The electronic balance will be 
properly calibrated and cleaned before and after each use to ensure accurate measures of mass. 
Further, no wet items will be weighed directly on the scale as water can damage the balance. 

Labeling 
All labels will be made with a ball point pen or sharpie to prevent bleeding. Filters and beaker 
masses will be recorded on both the item itself as well as within a notebook to prevent 
confusion. 

8



Photographic survey techniques for coral and benthic populations 

Numerous methods have been used to evaluate benthic environments.  
Selection criteria for benthic sampling methods should include the population of interest, 
statistical power, accuracy, precision, sources of variability, the focus of the study and the 
spatial scale involved. Time, cost and effort must also be evaluated.    
Jokiel et al. (2015) (attached) compared the nine most used methods for measuring coral 
cover in the Hawaiian Islands by researchers and managers and found similar results. 
This allows different benthic methods to be legitimately employed, combined and 
compared. 
The photographic transecting method selected for use in the Coral Reef Assessment and 
Monitoring Program (CRAMP) was selected for several reasons. Method selection 
criteria required data compatibility with sites previously surveyed.  A quantitative method 
is critical to most advanced statistical procedures. The photographic method is not 

Photographic Survey Techniques- Photographic Survey Method
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restrained by the limitations of many other benthic sampling methods (see Table 1). 
Precision using this photographic technique was determined to be high (~95% similarity 
among observers) compared to in water observations.  Although initial costs are high due 
to the photo equipment, cost effectiveness surpasses visual techniques after only ten 
surveys.  While post processing time increases due to the photo analysis, costly 
underwater dive time is greatly reduced with the use of photographic techniques. 
Photographic methods allow for archiving (saving data to analyze other organisms) and 
data verification (checking its accuracy), which is critical in addressing further questions, 
and in quality control. The disadvantage of limited resolution of pictures has been 
resolved with recent photo technological advances. 

Table 1 Benthic sampling methods used in coral reef investigations 
Method Type Description Limitations 
Presence/ 
Absence 

Qualitative Lists species No abundance data 
Records species only 

Relative 
abundance 

Semi-
Qualitative 

Categories ranging from 
common to rare 

No absolute data 

Quadrat Quantitative % cover of substrate types 
are recorded 

High observer variability 

Planar Point 
Intercept 

Quantitative Substrate type under each 
intersection is recorded 

No absolute value can be 
calculated 

Line Transect Quantitative Lengths of substrate types 
underlying the transect 
line are recorded 

Small or rare species can 
be missed 

Nearest 
Neighbor 

Quantitative Distance of organism 
from random transect 
point is recorded 

Determines only 
abundance of target 
species 

Point-Quarter Quantitative Coral colony 
measurements are taken 
from a haphazardly 
determined point 

Greater variance 
Vertical overlap possible 

Photographic 
Transect 

Quantitative Video or digital still 
images 

Resolution 

To assess the characteristics of benthic populations, high resolution digital images are 
taken along a transect. The camera is mounted to an aluminum monopod frame, 1.7 m 
from the substrate to provide a 50 x 69 cm image.  A 6 cm bar provides a measurement 
scale. The reef analysis software program (CoralNet, PhotoGrid) is used to quantify coral 
percent cover, richness (number of different species), algae and substrate cover (sand, 
rubble, silt).   
Images are downloaded and 20 non-overlapping images from each 10 m transect are 
imported into analysis program where 50 randomly selected points are projected onto 
each image. These data are saved in a comma separated values (CSV) file, proofread in 
Excel and imported into Microsoft Access XP, a relational database. Access data is 
queried and exported to statistical programs for analyses. 
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Quadrat method 

Photoquadrat method 
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ABSTRACT
Nine coral survey methods were compared at ten sites in various reef habitats with
different levels of coral cover in Kāne‘ohe Bay, O’ahu, Hawai‘i. Mean estimated
coverage at the different sites ranged from less than 10% cover to greater than 90%
cover. The methods evaluated include line transects, various visual and photographic
belt transects, video transects and visual estimates. At each site 25 m transect lines
were laid out and secured. Observers skilled in each method measured coral cover
at each site. The time required to run each transect, time required to process data
and time to record the results were documented. Cost of hardware and software for
each method was also tabulated. Results of this investigation indicate that all of the
methods used provide a good first estimate of coral cover on a reef. However, there
were differences between the methods in detecting the number of coral species. For
example, the classic “quadrat” method allows close examination of small and cryptic
coral species that are not detected by other methods such as the “towboard” surveys.
The time, effort and cost involved with each method varied widely, and the suitability
of each method for answering particular research questions in various environments
was evaluated. Results of this study support the finding of three other comparison
method studies conducted at various geographic locations throughout the world.
Thus, coral cover measured by different methods can be legitimately combined or
compared in many situations. The success of a recent modeling effort based on coral
cover data consisting of observations taken in Hawai‘i using the different methods
supports this conclusion.

Subjects Marine Biology
Keywords Coral reefs, Coral cover, Methods comparison, Hawaii

INTRODUCTION
Over the past three decades a series of methods have been used to estimate coral cover

throughout the Hawaiian Archipelago. These methods vary in the cost of equipment

required, the amount of time required to conduct the survey, and the time needed to

analyze images and record data. Methodologies evolved over the past 30 years due to

technical advances in photography, digital video and most recently digital photography.

Some methods are more appropriate for surveys over broad geographic areas while others

are more suitable for intensive and detailed analyses of cover directed at coral community
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structure. The choice of method is very dependent on the question being asked. Some

research programs only involve measures of coral cover while others involve simultaneous

measurements of factors such as coral, algae, fishes, invertebrates and rugosity. In these

cases, the operational compatibility of the coral census method with other assessments

influences method selection. But to what extent are all of these methods comparable?

Can we legitimately combine coral cover measured by various methodologies? The need

for coral reef monitoring in Hawai‘i was evaluated during a major workshop (Maragos &

Grover-Dunsmore, 1999) that identified the need for methodology needed for long-term

monitoring in Hawaiian waters. In response to the workshop appropriate methodology

was developed by Brown et al. (2004) for the Hawaii Coral Reef Assessment Program

(CRAMP), which has been monitoring Hawaiian reefs since 1999. Other programs also

developed in Hawai‘i with specific needs for estimating coral cover, so there was a need to

compare results from the various measurements. The purpose of this investigation was to

evaluate the comparability of transect data developed using different methodologies used

in the Hawaiian Archipelago to measure coral cover.

MATERIALS & METHODS
This project was directed at evaluating estimates of coral cover as determined from the

various methods commonly used in Hawai‘i in much the same way as fishery catch

from different methods is compared (e.g., Huse, Løkkeborg & Soldal, 2000; Miller,

2013). The specific question asked was whether or not any of the coral survey methods

produced consistently higher or lower estimates of coral abundance. Such differences

could compromise analysis of integrated data sets from throughout Hawai‘i developed by

different observers over the past decade.

Nine methods that have been widely used in the Hawaiian Archipelago were selected for

comparison and applied collectively under controlled conditions. These are representative

of methods that have been used previously in Hawai‘i, although there have been minor

differences resulting from variations in number of points sampled, area sampled, type of

images taken or length of transect. The time required to run each transect, time required

to process data and time to record the results were documented for each method. Cost for

hardware and software required was also tabulated. Ten sites in various habitats having

different levels of coral cover were selected in Kāne‘ohe Bay for the inter-comparison

experiment (Fig. 1 and Table 1). Mean estimated coverage at different sites ranged from

less than 10% cover to greater than 90% cover. For purposes of this study, observers highly

skilled in each particular method were used with different observers for each method. At

each of the ten sites, 25 m transect lines were laid out and fastened to the bottom. Transect

lines remained until each of the nine methods were tested on the deployed line. All sites

were surveyed over a two-day period.

The nine methods that were compared are as follows:

1. Quadrat

The visual Quadrat method based on area estimates has been widely used in Hawai‘i

for the past 30 years (e.g., Maragos, 1972; Jokiel & Coles, 1974; Jokiel & Maragos, 1978;
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Figure 1 Map of sites. Aerial view of Kāne‘ohe Bay showing location of the 10 comparison sites.
Quickbird Imagery Digital Globe.

Table 1 Location and depth of the study sites.

Site Depth (m) Latitude Longitude

1 2 21◦26.587′ 157◦47.168′

2 6 21◦26.587′ 157◦47.168′

3 2 21◦26.587′ 157◦47.168′

4 1 21◦26.565′ 157◦47.189′

5 9 21◦26.565′ 157◦47.189′

6 2 21◦25.995′ 157◦47.204′

7 2 21◦25.995′ 157◦47.204′

8 4 21◦26.940′ 157◦47.748′

9 2 21◦27.634′ 157◦47.817′

10 7 21◦26.750′ 157◦47.639′
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Maragos & Jokiel, 1986; Jokiel & Tyler, 1992; Jokiel, Cox & Crosby, 1993; Jokiel & Brown,

1998) and pre-dates availability of video or reliable photographic methods. Coral cover

is estimated using a 1 m2 quadrat frame divided into 100 (10 × 10 cm) smaller squares.

The observer visually estimates coral cover in situ and records the data on an underwater

writing slate. Coral area filling one of the squares occupies 1% of the frame, so the

observer uses the grid to estimate total area of each species encountered. One advantage

of this method is that a transect line is not required because the frame can be flipped 25

times to measure contiguous non-overlapping areas without reference to the line. In this

study, the quadrat was moved successively along the entire 25 m transect line without

overlap, encompassing a total area of 25 m2. The coral coverage by species was estimated

in each frame. During this study, PL Jokiel made the measurements using this method.

2. Random

Various types of in situ random point sampling methods have been developed (Reed,

1980). The most widely used random point intercept method currently used in Hawai‘i

is that adopted by NOAA as part of their fish habitat utilization studies (FHUS) as

described at a website at http://ccma.nos.noaa.gov/ecosystems/coralreef/hi rfh.html.

This method uses a 1 m2 quadrat divided into 100 (10 × 10 cm) smaller squares. Sam-

pling points are randomly chosen intersections of the strung lines of the quadrat. Each

quadrat position along the transect line is randomly chosen before the diver enters the

water such that there is one randomly placed quadrat frame within every 5 m interval

along the transect. If the meter mark is an odd number, then the quadrat is placed on left

side of the tape; if even, it is placed on the right. Twenty-five random points per quadrat

are scored. One set of random points are selected prior to fieldwork and used for all

frames. The cover below each of the 25 random intercept points is scored as if looking

at the quadrat in a two dimensional plane (i.e., as in a photograph). Percent cover values

are calculated by dividing the number of recorded points by the number of selected

intersections. KS Rodgers made measurements using this method during this study.

3. Point Intercept Transect (PIT)

The Point Intercept transect (PIT) is described in Hill & Wilkinson (2004) and Obura

(2014). The PIT has been used in Hawai‘i in a coral disease monitoring program (Aeby et

al., 2011) and was included in this study. Data on coral species under each point located

at 50 cm intervals along a 25 m transect is recorded, yielding a total of 51 points per

transect. Data were taken along two 25 m transect lines spaced end to end with a five

meter gap. Percent coral cover is determined by dividing the number of points recorded

as live coral by the total number of points and multiplying by 100. A more widely used

technique called the line intercept transect (LIT) is essentially the same but measures are

taken at a higher resolution of 1 cm (Obura, 2014). To our knowledge, the classic LIT

has not been used in Hawai‘i. Dollar (1982) used a line transect method based on the

methods of Loya (1972) and Porter (1972). For each transect, a 45 m cord was stretched

over the reef and a chain draped along the transect line. The number of links lying over

each coral colony or non-coral substratum was recorded. Use of chain links to count
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cover adds a vertical dimension and will give a higher coral cover than planar methods.

During this study G Aeby made the measurements using the PIT method.

4. CRAMP RAT

The Hawai‘i Coral Reef Assessment and Monitoring Program (CRAMP) Rapid

Assessment Technique (RAT) is a highly abbreviated version of the CRAMP monitoring

protocol, consisting of a single fish transect, a single benthic transect, a rugosity

measurement, a sediment sample and various qualitative habitat observations (Jokiel et

al., 2004; Rodgers et al., 2015). The RAT is designed to produce quantitative spatial data

that is consistent with and comparable to data taken at the permanent monitoring sites.

The power of the RAT lies in large numbers of replicates taken over the spatial range of

a given habitat. The assessment program expands the ability to describe habitats and

spatial distributions of Hawaiian reef organisms in relation to various environmental

factors. However, the assessment protocol requires a small fraction of the human effort

and cost per site in comparison to the monitoring sites. Assessment data can be used

with monitoring data for spatial comparisons.

Benthic cover is determined using high resolution digital images taken along a

10 m transect using an Olympus 5050 zoom digital camera with an Olympus PT015

underwater housing. The camera is mounted to an aluminum monopod frame, 1.7 m

from the substrate to provide a 50 cm × 69 cm image. The 20 non-overlapping images

from each 10 m transect are imported into an ecological analysis program PhotoGrid

where 50 randomly selected points are projected onto each image for a total of 1,000

points per transect. Percent cover, species count and diversity of corals, algal functional

groups and substrate cover are quantified.

Precision using photographic techniques was determined to be high (∼95% similar-

ity among observers) compared to in situ observations (Brown et al., 2004). Although

initial costs are high, cost effectiveness surpasses visual techniques after only ten surveys

(Brown et al., 2004). While post-processing time is involved, costly underwater dive time

is greatly reduced with the use of this technique. The method allows for archiving and

data verification, which is critical in addressing further questions, and in quality control.

Recent technological advances in digital still cameras have alleviated the disadvantage of

limited image resolution. KS Rodgers made measurements using this method.

5. Video transect

A digital video camera in an underwater housing is used to record the substrate

along two 25 m transects placed end to end with a 5 m separation. A red filter in the

housing is used over the lens at depths greater than ∼4 m. The videographer swims

approximately 1 m above the transect line with the camera lens pointing directly

downward, and additionally records 360◦ views of the surrounding area at the beginning

and end of each transect line. The software program DVRaptor-RT Video (Canopus

Corporation, Kobe, Japan) is used to capture adjacent, non-overlapping still frames

along the length of each transect line. Images are enhanced in ACDSeeTM (ACD

Systems, Seattle, Washington, USA) when needed to improve the quality of the

images. The number of captured frames varied among the 20 transects at the 10 sites
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(range 29–36 frames/transect) in the present study due to variation in the height of

the videographer (KS Rodgers) above the transect lines. Accordingly, the number

of captured still frames randomly selected for analysis varied (range 16–25) so as

to include 16 m2/transect benthic area (Kenyon et al., 2006a). J Kenyon analyzed

selected frames for coral cover by species according to the method described in

Kenyon et al. (2005).

6. Towed-diver
Towed-diver surveys have been widely used throughout Hawai‘i by the Coral

Reef Ecosystem Division (CRED) of NOAA’s Pacific Islands Fisheries Science Center

following the methods of Kenyon et al. (2005). Habitat digital still frames sampled from

videotapes at 30 s intervals as the towboard moves over the bottom at ∼0.8 m/s are

analyzed for coral percent cover using the methods of Kenyon et al. (2005). In the present

study, three photos were taken with an Olympus 5050 digital camera in an Olympus

PT015 underwater housing to simulate images produced by the towed-diver method.

One image was taken at the beginning and end of the first 25 m transect and one at the

end of the second 25 m transect (i.e., three images over 50 m). This spacing and image

area (∼1 m2) is equivalent to that produced by the towed-diver method (Kenyon et al.,

2006a). The field survey was supervised on site by J Kenyon and used her equipment.

The processing of the images was carried out entirely by J Kenyon.

7. Photoquad (Photographic Transect)
An Olympus 5050 digital camera with a wide-angle lens and an Olympus PT015

underwater housing was used to obtain the images. The camera was positioned above a

1 m2 quadrat strung into 100 subdivisions at the proper distance needed to include the

entire frame in the photograph. Images were taken along the entire 25 m transect line

without overlap. A total of 25 m2 was used to visually determine the percent substrate

cover. The software program ACDSeeTM 32 Browser is used for image viewing with data

input directly into Microsoft Excel. The amount of coverage of each substrate type is

estimated in each subsquare, and then summed to determine the total cover for each

species in a manner similar to the in-situ quadrat method. Coral cover is recorded by

species. During this study the quadrats were photographed by F Farrell with P Jokiel

moving the frame over the transect line. The laboratory analysis of the images was

conducted by K Uchino.

8. Estimate
In this method a visual in situ estimate of percent coral cover by species is visually

recorded by a diver swimming along a transect 25 m in length and 5 m in width. The

method requires an experienced observer. During this study KS Rodgers made the

measurements using this method.

9. NOAA ground truth
NOAA’s National Ocean Service Biogeography Team uses this method for field val-

idation and accuracy assessment of benthic habitat maps (NOAA, 2005; Monaco et al.,

2005). The location of a sampling station for map accuracy assessment is determined us-

ing a stratified random sampling regime as per Congalton (1988), while stations used for
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field validation are selected based on specific features in the imagery, which are difficult

to identify without further fieldwork. The stations are located using navigational GPS

and marked with a temporary buoy. A 7 m radius around the marker delineates the area

surveyed. Geomorphologic structure and biological cover based on the NOAA classifi-

cation scheme are recorded (Coyne et al., 2003). Coral cover is estimated in 10% incre-

ments, which are subsequently placed into one of the following four categories: <10%,

10%–49%, 50%–89%, and 90%–100%. Thus, the estimated total coral cover may fall

into only one of four categories, which might be termed “none,” “low,” “medium” and

“high.” This method requires a skilled observer, but takes very little time. For shallow

sampling stations, the observer will often view the bottom through a “look box” from a

boat or kayak without actually getting into the water. Deeper sampling stations or those

with poor visibility are assessed by snorkel. Digital photographs of stations sampled by

snorkeling are often collected. WR Smith made measurements for this investigation.

Statistical methods
Number of species was examined using a General Linear Model (GLM) one-way ANOVA

with number of species as the dependent variable (N = 10 sites) and nine methods

(Quadrat, Random, Point Intercept, CRAMP RAT, Video, Towed-diver, Photoquad,

Estimate, and NOAA Ground Truth) as the factor. Transects at each of the 10 sites were

averaged for methods using two 25 m transects (Point Intercept, video, towed-diver).

Comparing both coral cover and species count data among methods utilized a one-way

ANOVA. Percent coral cover was arcsin-square root transformed to meet the assumptions

of normality and homogeneity of variances. Post-hoc multiple comparisons among

means were conducted using a Tukey HSD test when ANOVA results detected significant

differences among methods.

A ranking test was applied to the site data in order to determine whether or not any of

the methods produced estimates that were consistently higher or consistently lower than

the others. For each site, each method was ranked with a rank of 1 given to the method

yielding the highest coral cover for the site and a rank of 9 to the method that gave the

lowest coral cover for the site. Thus, a method that yielded the highest coral cover at all 10

sites would have an average rank of 1. A method that yielded the lowest coral cover at all

10 sites would yield a rank of 9. If all methods yielded the exact same number at each site

then all methods would have a rank of 5. The rank data can then be analyzed statistically to

determine if there was a consistent difference in the estimate of coral cover produced by any

of the various methods.

Coral cover for each method was ranked from highest to lowest at each site. A one-way

ANOVA was then conducted with untransformed ranks as the dependent variable and

method as the independent factor. This procedure allowed a more appropriate comparison

among the methods by separating out the effect of habitat.

The coral cover variance structure among methods was plotted to display which method

generated the most variable data set and consequently the lowest statistical power to detect

spatial differences.
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Figure 2 Error bars for the first 7 methods (rainbow colors) are Standard Deviations. Error bars for
the last two methods (white for Estimate and black for NOAA Ground Truth) represent estimated range.

RESULTS AND DISCUSSION
A comparison of the costs and time required for each method is presented as Table 2. The

initial equipment cost varies by three orders of magnitude among methods. For example,

the visual “Estimate” method takes one person several minutes and costs practically

nothing while a “Towed-diver” survey requires two divers, two tow-boards, cameras,

communication gear and a towing boat and crew. Considerable post-processing of the

imagery is required for the video transect. A summary of the total coral cover data for each

method at each site is shown as Fig. 2. Note the high variance of all methods due to the

inherent “patchiness” of reef coral communities. Coverage by species for each method is

shown in Table 3. A summary of the number of coral species recorded by each method

is shown in Table 4. The values for coral cover are for a single site (n = 1) (Table 5).

Sub-samples are not independent estimates, so the error bars are only useful for showing

the high variance encountered in a coral reef environment. Running the same method over

the same transect a number of times will give a highly variable result (e.g., see Brown et al.,

2004).

Outcome of statistical analyses
Measured species count (Table 4 and Fig. 3) differed significantly among methods

(F8,81 = 3.2, p = 0.003). The “Quadrat” method detected the highest number of species
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Table 2 Summary table describing main features and costs for each method.

Method Equipment Data record Transect

length

Number of

samples

per site

Points per

sample

Approx.

area (m2)

Survey time

(min)

Lab analysis

(min)

Spread sheet

data entry

(min)

Total

time (min)

Equipment

cost (US

Dollars)

Quadrat 1 m2quadrat, writing

slate

in situ 25 m 25 100 25 20 0 5 25 $20

Random transect line

1 m2quadrat, writing

slate

in situ 25 m 5 25 5 15 15 1 31 $20

Point Intercept

(PIT)

transect line, writing

slate

in situ two 25 m

lines

2 51 50 20 0 5 25 $20

CRAMP RAT transect line digital

camera, PhotoGrid

Software

Lab.

Computer

System

10 m 20 50 20 15 40 10 65 $700

Video transect line video

camera, D/V Raptor,

CPCe Software

Lab.

Computer

System

two 25 m

lines

34–47 50 50 5 65 5 75 $1,500

Towed-diver digital camera,

Sigma Scan software,

tow-board system.

Lab.

Computer

System

approx. one

image per

25 m

3 50 3 3 5 5 13 $2,500

Photo-quad transect line

1 m2photoquad,

camera

Lab.

Computer

System or

Projector

25 m 25 100 25 15 35 5 55 $700

Estimate transect line writing

slate

in situ 25 m 1 estimated

range

25 3 0 1 4 $2

NOAA Ground

Truth

writing slate in situ 7 m radius 1 estimated

range

154 3 0 1 4 $2
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Table 3 Coverage by species for each method at each site.

Quadrat Random Point

Intercept

(PIT)

CRAMP

RAT

Video Towed-

diver

Photoquad Estimate Ground

truth

Quadrat Random Point

Intercept

(PIT)

CRAMP

RAT

Video Towed-

diver

Photoquad Estimate Ground

truth

Montipora capitata Pocillopora meandrina

1 15 4 25.5 30.7 20.1 22.8 20 20.0 15.0

2 21 15 17.6 30.6 9.4 8.8 23 10.0 18.0

3 37 22 53.9 27.4 44.1 42.7 39 25.0 35.0

4 29 54 39.2 33.7 37.6 20.1 30 40.0 42.0 0.2

5 9.9 15 21.6 16.8 14.7 34.9 12 3.5 21.0

6 8.1 8.8 1.4 6.7 15.3 7 4.0 15.0 0.1 0.02

7 27 26 18.6 40.7 21.1 3.4 44 10.0 7.0 1.6

8 2.3 4 5.9 2.1 8.9 20.1 6.5 25.0 56.0 0.2 0.3

9 8.1 14 16.7 14.2 16.2 16.7 9 9.5 15.0 0.1

10 8 33 7.8 16.1 10.4 42.5 11 15.0 21.0

Porites compressa Pavona varians

1 18 14 24.5 27.5 21.2 9.9 20 15.0 15.0

2 16 22 36.3 20.9 15.5 33.7 8.4 15.0 12.0

3 14 17 24.5 20.9 22.4 18.7 14.2 30.0 35.0

4 41 26 48.0 41.4 43.8 43.4 30.4 45.0 28.0

5 1.8 3.9 1.8 1.6 3.8 4.0 9.0

6 1.1 2.4 1.0 1.5 0.2 0.7 0.7 2.0 9.0

7 39 21 41.2 10.4 34.0 70.5 20.6 25.0 63.0

8 84 68 85.3 48.8 83.3 68.8 79.4 65.0 14.0 1 1.6 1.1

9 3.5 7.2 7.8 5.2 4.9 9.1 2.9 15.0 15.0 0.02

10 10 16 21.6 7.0 13.3 8.8 4.9 10.0 9.0

(continued on next page)
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Table 3 (continued)

Quadrat Random Point

Intercept

(PIT)

CRAMP

RAT

Video Towed-

diver

Photoquad Estimate Ground

truth

Quadrat Random Point

Intercept

(PIT)

CRAMP

RAT

Video Towed-

diver

Photoquad Estimate Ground

truth

Porites lobata Fungia scutaria

1 0.1

2

3

4

5 0.7

6 5.2 8.8 2.9 3.8 2.8 1.3 5.2 4.0 6.0

7 0.1 1.0 0.1 0.7 0.3 9.0

8 2.0

9 0.1

10 0.1

Pocillopora damicornis Montipora patula

1 0.03

2 0.02

3 0.02 0.1

4 0.1

5 0.2 1.0 0.1 0.1 0.1

6 0.2 0.8 1.0 0.1 0.3

7 0.1 1.0 0.2 0.3 0.1 1.0

8 0.1 0.2 0.1 0.2 0.8 0.1 2.8

9 0.3 1.6 1.0 0.1 0.7 1.4 0.4 0.5 0.4 0.3

10 1.0 0.1
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Table 4 Number of coral species recorded per site by each method.

Species recorded per transect

Site no. Quadrat Random Point
Intercept (PIT)

CRAMP RAT Video Towed-diver Photoquad Estimate NOAA ground
truth

1 3 2 2 2 3 2 2 2 2

2 3 2 2 2 2 2 2 2 2

3 2 2 2 3 2 2 2 2 2

4 2 2 2 2 2 2 3 2 2

5 3 1 3 3 3 1 4 2 2

6 4 3 4 3 5 3 5 3 3

7 4 3 4 4 4 2 4 4 2

8 5 4 3 5 3 3 3 2 2

9 6 2 2 3 4 3 3 2 2

10 3 2 3 2 3 2 3 2 2

Mean 3.5 2.3 2.7 2.9 3.1 2.2 3.1 2.3 2.1

S.D. 1.2 0.8 0.8 0.9 0.9 0.6 0.9 0.6 0.3

Figure 3 Average species count for each of the benthic survey methods (N = 10). Mean number ± 1
SE. The same letter denotes homogeneous means using a Tukey HSD post-hoc test on square root
transformed data (F8,81 = 3.2 p = 0.003).
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Table 5 Mean rank scores and mean % coral cover (mean of 10 sites) for each method.

Transect Quadrat Rank Random Rank Point
intercept
(PIT)

Rank CRAMP
RAT

Rank Video Rank Towed-diver Rank Photoquad Rank Estimate Rank NOAA
Ground
Truth

Rank

1 32.6 7 17.7 9 50.0 2.0 58.2 1.0 41.4 3.0 32.7 6.0 39.8 4.0 35.0 5.0 30.0 8

2 37.0 5 37.6 4 53.9 1.0 51.5 2.0 24.9 9.0 42.4 3.0 31.6 6.0 25.0 8.0 30.0 7

3 51.1 7 39.2 9 78.4 1.0 48.4 8.0 66.5 3.0 61.3 4.0 53.3 6.0 55.0 5.0 70.0 2

4 69.6 7 80.0 4 87.2 1.0 75.1 5.0 81.6 3.0 63.5 8.0 60.8 9.0 85.0 2.0 70.0 6

5 11.9 8 15.2 7 26.5 3.0 18.7 4.0 16.4 5.0 34.9 1.0 16.1 6.0 7.5 9.0 30.0 2

6 14.6 3 12.0 6 13.7 4.0 6.7 9.0 9.8 8.0 17.3 2.0 13.2 5.0 10.0 7.0 30.0 1

7 66.4 3 48.0 8 61.8 5.0 51.5 7.0 56.1 6.0 73.9 1.0 64.5 4.0 45.0 9.0 70.0 2

8 87.8 5 74.4 7 93.2 1.0 52.3 9.0 92.4 2.0 91.7 3.0 86.2 6.0 90.0 4.0 70.0 8

9 12.4 9 23.2 5 25.5 3.0 19.5 7.0 22.0 6.0 27.2 2.0 12.4 8.0 25.0 4.0 30.0 1

10 18.2 8 48.8 2 30.4 3.0 23.1 7.0 23.6 5.0 51.2 1.0 15.5 9.0 25.0 6.0 30.0 4

Sum 401.6 62.0 396.1 61.0 520.6 24.0 405.0 59.0 434.7 50.0 496.1 31.0 393.4 63.0 402.5 59.0 460.0 41.0

Mean 40.2 6.2 39.6 6.1 52.1 2.4 40.5 5.9 43.5 5.0 49.6 3.1 39.3 6.3 40.3 5.9 46.0 4.1

SD 27.3 2.1 23.8 2.3 27.9 1.4 21.9 2.8 29.1 2.3 23.1 2.3 26.0 1.8 28.7 2.3 20.7 2.9
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while the “NOAA Ground Truth” and “Towed-diver” methods showed the lowest number

of species. The “Quadrat” method detected a significantly greater number of species

(Fig. 3) than the other methods for a number of reasons. In the first place, this method

surveys every coral within the 25 m2 area. Methods that involve sampling a limited number

of points generally will miss rare species. The “Quadrat” method involves close and direct

observation of the corals by a diver who can easily detect corals such as Pavona varians and

Fungia scutaria that typically grow in crevices and shaded areas that often do not show on

image analysis. Close inspection by the diver allowed easy recognition of Montipora patula,

which often cannot be differentiated from Montipora capitata in images. The Quadrat

method requires an experienced coral reef ecologist as observer, but clearly will produce a

more complete estimate of species number for a given belt transect. The “Ground Truth”

and “Towed-diver” methods require viewing from a greater distance and were significantly

lower in their ability to detect small, uncommon or cryptic species (Fig. 3), while the

remaining six methods showed no significant differences.

Overall mean coral cover measured at the 10 sites (Fig. 4) was not significantly different

among methods (F8,81 = 0.38 p = 0.93) due to the inherent variance in “patchy” coral reef

communities. Nevertheless, the ranking analysis (Fig. 5) detected a significant difference

among methods in terms of a consistent coral cover pattern (F8,81 = 4.0 p < 0.001).

The “Point Intercept” method typically ranked higher (lower numbered rank) at each

site followed by the “Towed-diver,” “NOAA Ground Truth,” “Video,” “RAT,” “Estimate,”

“Random,” “Quadrat,” and “Photoquad” method. The “Point Intercept” method probably

gives a slightly higher cover estimate because wave action tends to move the transect line

slightly until it catches on a coral. All points measured by the method are taken directly

under the transect line, so the ranking score was significantly higher. The “Point Intercept”

method was statistically similar to the “Towed-diver,” “NOAA Ground truth,” “Video,” and

“RAT” methods. The “Estimate,” “Random,” “Quadrat,” and “Photoquadrat” methods,

however, grouped together and ranked statistically lower at each of the ten sites. Note that

there is considerable overlap between the groups A and B (Fig. 5), so distinctions are not

clear statistically.

There is a growing recognition of the importance of power analysis and sample size

calculation for the proper design of monitoring and assessment programs. Statistical

power of an analysis is a function of sample variance and sample number. Thus, variance

estimates determined in this comparison study are useful in determining sample size

needed using different methods and thereby can help in the design of future surveys.

The variance structure among methods (Fig. 6) showed that the “Video” method had the

highest variance for the ten sites and therefore, lowest statistical power to detect differences

among sites. In contrast, the “NOAA Ground Truth” protocol had half the variance among

the sites/transects. However, this difference is most likely an artifact due to the limited

number of coral cover categories used in this method. The “RAT” method used high

resolution digital still images, but otherwise was similar to the “Video” approach in terms

of image analysis and substrate categorization. The “Video” technique covers a larger area

(50 m) with 234 to 247 image subsamples within this distance. In contrast, the RAT covers
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Figure 4 Mean coral cover for the 10 sites as measured by each of 9 methods (±S.D.) Mean num-
ber ± 1SE. No significant differences among methods were detected using a Tukey HSD post-hoc test on
arcsin-square root transformed data (F8,81 = 0.38 p = 0.93).

a shorter distance (10 m) and covers the entire area sampled, using 20 non-overlapping

images. Thus, the higher variability in the “Video” method is likely due to the larger area

being subsampled. In addition, the lower image resolution for the “Video” method may

also be a factor in producing higher variability in the estimate.

Investigators who initially developed and implemented each method apparently had

an “intuitive” grasp of how to develop a reasonable scheme that met their specific survey

needs. All of the methods yield comparable estimates for coral cover. Each method has

strengths and weaknesses and no one method will fit all research needs. The methods

evaluated here were originally developed in response to the needs of specific investigations.

Factors such as differences in question being asked (intensive or extensive surveys),

constraints on field time or laboratory processing time, costs of hardware and software

required, level of field experience of observers, utility of sampling regimes under various

field conditions, need to archive images for future use, etc. led to development of diverse

methods. These methods were widely used in the past and undoubtedly will continue to be

used in the future, so it is of great value to know that all of them yield similar coral cover

estimates.

Franklin, Jokiel & Donahue (2013) compiled a benthic cover database from the various

scientific research and monitoring programs that included 37,710 total benthic cover
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Figure 5 Average ranking of coral cover at each site for the nine benthic survey methods (N = 10)

plotted from Table 5 data. Mean number ± 1 SE. Methods in each group are statistically different than
those in other groups while group AB has means statistically similar to those in both groups A and B
(Tukey HSD post-hoc test on raw data (F8,81 = 4.0 p < 0.001).

observations from 2000 to 2009 around the main Hawaiian Islands. Coverage for each

species was plotted throughout the Hawaiian Islands. This data was used to successfully

develop species distribution models for dominant Hawaiian coral species, which was then

tested with survey data. The excellent agreement between field observations and modeling

results of the Franklin, Jokiel & Donahue (2013) report adds additional evidence that results

of the different methods produce comparable coral cover estimates.

Coral cover data inevitably show very high variance due to inherent “patchiness” of

reef coral distributions, so even repeat sampling of the same transect with the same

method will produce quite variable results. From a statistical point of view, it appears

that no one method was sufficiently different from the other methods based on the

various characteristics evaluated in this study (Table 6). For example, some methods

(e.g., Point Intercept) documented high values in one area (e.g., coral cover rank), but

generated moderate values for other characteristics (e.g., species count). Other protocols

(e.g., Estimate) spanned the range of category values, but did not represent the extreme

for any one particular parameter. Finally, methods such as “Random” recorded moderate

values for all of the characteristics.

Ideally, the optimal method would document higher species count for biodiversity

considerations, rank in the middle in terms of coral cover for good precision, and have low
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Figure 6 Variance (%) for each of the benthic survey methods (N = 10).

Table 6 Summary of categorical groupings from data of coral cover methods based on species count,
coral cover ranking, and variance.

Method Species counta Coral cover rankb Variancec

CRAMP RAT Medium Medium Low

Estimate Medium Low High

NOAA Ground Truth Low Medium Low

Photoquad Medium Low Medium

Point Intercept (PIT) Medium High Medium

Quadrat High Low Medium

Random Medium Low Medium

Towed-diver Low Medium Medium

Video Medium Medium High

Notes.
a Based on groupings of means in multiple comparison test.
b Based on groupings of means in multiple comparison test.
c Based on the following categories (high > 800, medium 500–800, low < 500).

variance for high statistical power. Perhaps the closest method is the CRAMP RAT, but only

for the variables we measured. However, how well does this protocol really characterize

the actual coral community compared to the other methods? Answering this question

would require knowing the entire population under consideration. Therefore, any of these
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methods appear to be adequate for relative comparisons both spatially and temporally and

the method should be selected based on other considerations.

Results of this investigation indicate that all of the methods used in the comparison are

appropriate for measuring coral cover to provide a good first estimate for the general

characterization of coral cover on a reef. This inter-comparison did not detect any

consistent differences in the estimate provided by each method.

Numerous visual surveys of coral cover have been conducted in the past, but the

information obtained has been used sparingly in the literature. In some situations, visual

estimates can be more reproducible and more accurate than random-point sampling

(Dethier et al., 1993). However, there is a general reluctance to place reliance on subjective

visual assessments, although Kenchington (1978) indicated that it should be possible to

develop training procedures and scales of assessment which enable valid comparisons to

be made of coral cover in space and time. Results of this investigation support the view of

Kenchington (1978) in that observers with extensive experience in quantitative assessments

of coral cover produced visual estimates that were similar to results of techniques that

require much more effort. Even the “NOAA Ground Truth” method, which is restricted to

scoring on a scale of four divisions ranked well against the other methods.

The classic “Quadrat” method has been in use in Hawai‘i for nearly 40 years and is

simple and inexpensive to use but requires a highly experienced observer. This method

is especially attractive because of the large sample size (25 m2, each with 100 squares

= 2,500 sampling units) compared to other methods. The proximity of the observer

to the substratum and the large sample area yields a much better estimate for small or

rare coral species. The ability of the “Quadrat” method to detect species allows coral

abundance to be classified objectively (Jokiel & Maragos, 1978) according to a system

such as dominant (>10% cover), abundant (<1.0 to 10% cover), “common” (<0.1–1.0%

cover), or “rare” (<0.1% cover). “Very rare” species can be defined as species not occurring

in any quantitative sample, but noted in the area.

The use of towed-diver surveys was inaugurated in 1990 to assess those benthic variables

considered to be important to lobster habitat on three emergent banks in the Northwestern

Hawaiian Islands (Parrish & Polovina, 1994). Since that time the method has evolved

under the guidance of the Coral Reef Ecosystem Division at NOAA’s Pacific Islands

Fisheries Science Center in response to advances in videographic and georeferencing

technology and has been adapted for mesoscale assessment of coral reef benthic habitats

throughout the insular US Pacific. A primary strength of towed-diver surveys is their

ability to assess the major benthic components and condition of reef habitats over spatial

scales substantially greater than can be observed and documented by free-swimming

divers. A typical towed-diver survey covers up to 3 km, and 6 surveys can usually be

conducted each field day. The method is particularly useful for assessing remote areas

that can only be visited infrequently and for short durations, where more limited sampling

by free-swimming divers may not adequately characterize the diversity of habitats. Because

the divers are towed underwater by a surface boat, they are able to work in sea conditions of

swell or surge that are too dangerous for free-swimming divers, and can thus provide data
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for habitats such as windward exposures that are otherwise rarely accessible (e.g., Kenyon

et al., 2005; Kenyon et al., 2006a; Kenyon et al., 2006b). They provide a permanent visual

record that is amenable to re-sampling. Because the imagery is linked to geographical

position by way of a GPS receiver onboard the tow boat, a survey can be sub-sampled for

any spatial interval that may be of interest. A primary limitation of interpreting visual

information from a towed camera is the loss of taxonomic resolution, as is seen in reduced

species count in the present study relative to most other techniques (Table 4, Fig. 3).

Field equipment as well as computer equipment needed to analyze imagery is expensive

(Table 2), realistically limiting this method to programs with large budgets. Field and

computer personnel require special training, the former to ensure safety and accuracy, the

latter to ensure consistency and reproducibility.

The “Video” method evaluated in the present study was developed for use in benthic

assessment surveys in the Northwestern Hawaiian Islands by a single diver tasked with

estimating multiple parameters relevant to coral communities during one dive per site

per year. The short field survey time required compared to most other methods in the

present study (Table 2) is well suited to maximizing the time available to assess other

coral parameters including site species count, colony abundance and density, and size

class distributions. It can also be implemented by an experienced diving assistant without

expertise in the identification of marine organisms. The permanent visual record allows

comparison between observers at a later date. However, as seen in the present study,

efficiency of field data collection is offset by substantial post-processing time (Table 2).

Though species count in the present study was congruent with other methods (Table 4,

Fig. 3), the “Video” method is not as adept at reporting small, cryptic, or encrusting taxa

(e.g., Pavona varians, Cyphastrea, Leptastrea) when they occur as are most in situ methods.

Other workers in Hawai‘i have used techniques that are similar, but not identical to those

evaluated in this investigation. Dimensions of photo-transects less than the 1 m2 used in

this investigation have been adopted by some investigators in order to accommodate the

image taken by 35 mm cameras. Coles (1984) used a fixed photoquadrat measuring 1 m

× 0.66 m marked by fixed galvanized iron bolts, which serve as a platform for a camera

frame. Images taken with a Nikonos camera having a 28 mm wide angle lens at a focal

distance of four feet correspond to the field of view of 0.66 m2 for each quadrat. Percent

coverage of each species on each quadrat are determined by the point intercept method

using 485 points superimposed on the projected image. Likewise, Dollar & Grigg (2004)

used a 1 m × 0.66 m2 image area to accommodate the field of a wide angle lens, but used

a visual estimate based on a grid of 100 subdivisions similar to that used in this study.

Other variations in the different methods have been employed, but generally methods used

previously are encompassed by the type of measurements evaluated in this investigation.

This study focused on techniques used in Hawai‘i. Other studies have compared

techniques not widely employed here. These include comparison of video line-intercept

(Carleton & Done, 1995) or chain method (Rogers, 1999) with video, photographic, and

estimated cover. The major conclusion of these studies is techniques that involve a three

dimensional component (video line-intercept, chain method) will give a different estimate
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than methods that measure in a planar view. All of the techniques used commonly in

Hawai‘i report a planar area for coral coverage including the in situ line intercept method.

Relatively few coral species occur in Hawai‘i. Low coral diversity might have contributed

to the agreement in results among different methods in this study. Similar evaluations in

highly diverse reef systems might show greater differences between the techniques. Further,

gorgonians and Acropora thickets are not found on shallow Hawaiian reefs, so investigators

here do not have to deal with a large vertical dimension.

Applications to monitoring
The present investigation compared methods suitable for initial site characterization along

a single transect. Comparison and evaluation of monitoring techniques designed to detect

subtle changes in coral cover over time is a far more complex issue. The choice of sampling

design for a reef monitoring project is determined principally by the question to be

answered and the sampling accuracy and precision required (Green & Smith, 1997). Such

studies require rigorous sampling design and analysis in order to produce the statistical

power needed for the experimental design. Statistical power is the probability of rejecting

the null hypothesis or the confidence in accepting null hypotheses of no change over time

for key parameters such as coral percent cover (Green & Smith, 1997). The development

and testing of the monitoring design employed by CRAMP has already been discussed in

Brown et al. (2004) for Hawaiian reefs. During extensive studies in 1998, Brown et al. (2004)

found that repeated sampling of conventional transects or quadrats showed unacceptably

high variation unless fixed transects were established to allow precise repositioning.

Statistical power to detect change in coral cover decreased dramatically when coral cover

was greater than 20%. Longer transects (e.g., 25 m and 50 m) fared well in homogeneous

substrates but shorter transects (e.g., 10 m) were more appropriate in heterogeneous habi-

tats. Variability between observers analyzing the same data was low in comparison to other

sources of error. Visual estimation techniques were cost effective but did not permit data

archiving of digital images. Digital imaging had the highest initial monetary investment

but yielded the largest quantity of data per unit of field effort. These results were used to

establish the standard CRAMP monitoring sites that can detect less than a 10% change in

coral cover with high statistical power (P > 0.80) using 50 points per frame, 20–30 frames

per transect and 8–10 transects of 10 m in length per site. The power of this design in-

creases over time with repeated surveys. In the CRAMP protocol, fixed photoquadrats with

high precision are also used to address questions on recruitment, growth and mortality.

The recent production of precise habitat maps along with introduction of the geographic

positioning system (GPS) and availability of geographic information systems (GIS) has

opened the possibility of using stratified random sampling of coral communities in Hawai‘i

as an alternative to fixed transects, but again this approach requires a large number of

transects per habitat to detect change due to the inherently high variance of coral coverage

data. An extensive summary and review of all aspects of coral reef monitoring (questions,

techniques and design) has been compiled by Hill & Wilkinson (2004).
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CONCLUSIONS
Over the past three decades numerous underwater survey methods have been used to

estimate coral cover throughout the Hawaiian Archipelago. These methods vary in

technical complexity, the cost of equipment required, the amount of time required to

conduct the survey, and the time needed to analyze images and record data. Some methods

are more appropriate for rapid low-cost surveys while others are more suitable for intensive

detailed analyses of cover that require digital images of coral community structure which

are analyzed in the laboratory and archived for future reference. The choice of method is

dependent on the question being asked. Some studies only involve measures of coral cover

while others involve simultaneous measurements of factors such as coral, algae, fishes,

invertebrates and rugosity. In these cases, the operational compatibility of the coral census

method with other assessments influences method selection.

Results indicate that each of the nine methods tested in this investigation is appropriate

for measuring coral cover and all methods provide a good first estimate for the general

characterization of coral cover on a reef. However, it has long been known that a large

number of short “quick and dirty” transects will produce a better estimate of coral cover

in a given habitat than a few highly detailed longer transects (Kinzie & Snider, 1978; Brown

et al., 2004). A method that yields more transects with the same amount of effort will

generally be superior in quantifying coral cover in a given habitat.

The nine methods evaluated in this study were originally developed in response to the

needs of specific research projects. Some of the factors that led to the development of

these methods include the question being asked (intensive or extensive surveys), field and

laboratory processing time restrictions, costs required, observer field experience, utility

of sampling regimes under various field conditions, and archival capabilities. Results of

this investigation indicate that investigators who initially developed and implemented

each method had a strong “intuitive” understanding of how to develop a reasonable

method that accurately measures coral cover, among their other survey needs. It is of

great significance to managers, researchers, and modelers to know that all of these methods

yield similar coral cover estimates since these methods that have been widely used in the

past will undoubtedly continue to be used in the future. This study only compared transect

methods and did not address the question of long-term monitoring design which has been

considered elsewhere.

Beenaerts & Vanden Berghe (2005) compared a line transect method (LTM), line inter-

cept method (LIT) and a point intercept transect (PIT). The LTM is similar to the LIT but

follows the contours of the coral and substrate. They concluded that results from the three

methods were virtually indistinguishable.” We can describe this relationship as LTM = LIT

= PIT. Nadon & Stirling (2006) searched the recent literature and found that of the three

most commonly used methods, the belt transect (BT) method was used twice as much as

the LTM method and 2.5 times as often as the PIT method. The correlation coefficients for

three ecological parameters were calculated for the three possible pairs of methods, and

the accumulation curves plotted for each of the parameters using number of transects as

the independent variable. The authors conclude that results from the three methods were
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virtually indistinguishable (i.e., BT = LTM = PIT). When the parameters were plotted

using measuring time on the x axis, the curves for the PIT method converged twice as fast

as those for LTM, while BT time was intermediate. It is suggested that the PIT method

might be most suitable for assessing coral cover, richness and diversity where time and

effort are significant constraints. Results of their study indicates that the least used method

(PIT) was the most cost-effective means of measuring coral cover while being at least as

precise and accurate as the other two methods. Combining the conclusions of both studies

leads to the logic that LTM = LIT = PIT = BT. Recent improvements in digital imaging

allows for inexpensive and rapid photo documentation and archiving with subsequent

analysis of the images on computers in the comfort of the laboratory. This has become

the method of choice in Hawai‘i and other locations using the BT approach. Josephitis et

al. (2012) compared the effectiveness and relative cost (processing time) of three image

analysis techniques commonly used to assess coral/benthic cover and coral bleaching.

Digital photographs along a BT, taken 1 m above the substrate at 1 m intervals along 16

transects (50 images per transect), were used to examine the extent of coral cover and

bleaching within coral communities. Each image was evaluated by: (1) assessing habitat

under six randomly placed points (‘point count’); (2) dividing images into 20 square

blocks and recording the dominant item in each block (‘block’); and (3) visually estimating

benthic cover and bleaching without reference to points or grids (‘visual’). Overall, there

was a high degree of congruence between the commonly used techniques and there were

no significant differences when comparing coral cover or the extent of bleaching. Similarly,

there was no detectable difference in the precision of coral and bleaching estimates made

using the three techniques. The comparison of the nine methods described in the present

study support, expand and amplify the results of the previous investigations and further

show the similarity of results from BT, LTM, LIT, PIT and visual estimate methods. The

one caveat of concern is that line methods can yield a slightly higher coral cover, especially

under conditions of high surge, because the line will tend to hang up on coral heads and

bias the result. Use of a chain along a line transect or following contours adds a three di-

mensional aspect that will yield higher coral cover, especially in areas of high relief of living

coral colonies. Inshore coral reefs in Hawai‘i are characterized by heavy wave action that

moves chain across the bottom. Therefore, the use of chain transects in Hawai‘i has been

discouraged by management agencies as well as scientists due to resulting coral breakage.

The results of this investigation lead us to the encouraging observation that in many

applications coral cover measured by different methods can be legitimately combined. This

conclusion has been supported directly by the success of recent modeling efforts based on

a benthic cover database consisting of historical measurements taken in Hawai‘i using the

different methods and different observers over the past decade (Franklin, Jokiel & Donahue,

2013). These data were used to successfully develop and test species distribution models for

dominant Hawaiian coral species.
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Fish Survey Techniques 

Numerous methods have been developed for sampling fishes. Method selection depends 
on the focus of the research and the spatial and temporal scales involved. Accuracy can 
depend on the number and size of transects and whether transect locations are randomly 
selected, stratified random (e.g. following depth contours), or fixed (returning to the same 
spot over time). Fixed transects may not be representative of the entire community of 
interest but allow for more accurate repeated measurements. 

Spatial and temporal variability of fishes can be extremely high due to mobility and large 
home ranges. Many fish species are cryptic (hidden), rare or transient (move from place 
to place). There are also diurnal/nocturnal and seasonal sources of variability. To quantify 
absolute values for fish populations an extremely large sample size is required especially 
for heterogeneous (different) habitats. Relative values are often used to determine 
differences between sites.  
The Coral Reef Assessment and Monitoring Program uses the species abundance 
method (Table below).  
To relocate fixed  stations, a GPS point is designated with a surface float. The fish 
surveyor spools the transect out while recording number, species, and size (total length in 
cm), recording all fishes to 2.5 m on each side of transect line (5 m width). To allow for 
larger, fast-moving fishes at least 10 mins should be allowed.  

Data collected include species, number and length. Through these three indicators 
calculations are made of species, abundance, biomass, trophic levels, size structure, 
endemism, and species dominance. Unlike the belt transect method, species abundance 
estimates do not require additional survey time to allow for fish equilibrium to occur. The 
transect line is spooled out as the survey is conducted to avoid scaring fishes. Although 
additional dive and training time must be allotted to estimate fish length, post processing 
of data is relatively rapid. Species abundance estimates were selected to maximize data 
and statistical comparability, allow for length to biomass conversions, and avoid 
limitations inherent in some other methods. This method includes two measures of 
abundance: numerical (number of fishes) and biomass (weight of fishes). These are both 
important population parameters that address different aspects of fish community 
structure. Total length is estimated to the nearest cm in the field and converted to biomass 
estimates (tons/hectare) using length-weight fitting parameters.  In order to estimate fish 
biomass from underwater length observations, most fitting parameters were obtained 
from the Hawai‘i Cooperative Fishery Research Unit (HCFRU).  Additionally, locally 
unavailable fitting parameters were obtained from Fishbase (www.fishbase.org) whose 
length-weight relationship is derived from over 1,000 references.  Congeners of similar 
shape within certain genera were used in those rare cases lacking information.   
Conversions between recorded total length (TL) and other length types (e.g. fork length 
FL) contained in databases involved the use of linear regressions and ratios from 
Fishbase linking length types.  A predictive linear regression of logM vs. logL was used 
in most cases to estimate the fitting parameters of the length-weight relationship.   Visual 
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length estimates were converted to weight using the formula M = a � Lb where M=mass 
in grams, L=standard length in mm and a and b are fitting parameters. 
Any anomalous values are detected by calculating a rough estimate for a given body type.  
The general trend for a 10 cm fish of the common fusiform shape should be 
approximately 10 g.  Gross deviations were replaced with values from the alternate 
source. 
 
Trophic levels for fish species are also determined from the data. Trophic categories 
include: piscivores, herbivores, detritivores, mobile and sessile invertebrate feeders, and 
zooplanktivores. 
 
Visual fish censusing methods used in nearshore marine sampling 
Method Type Description Limitations 
Presence/ 
Absence 

Qualitative Lists species No abundance or density 
data 
Records species only 

Timed Swim Qualitative Surveyor swims within 
defined area for specified 
length of time recording 
species observed 

No size estimates 

Relative 
Abundance 

Semi-
Qualitative 

Records abundance of 
species 

No density estimates 

Reed Method 
(Reed 1980) 

Semi-
Qualitative 

Surveyors record species 
only once, in the order 
they are sighted 

No size estimates 

Rapid Visual 
Transect  
(Sanderson and 
Solonski 1986) 

Semi-
Qualitative 

Species are recorded only 
once and assigned to a 
time interval based on 
when they were observed 

Underestimated patchy  

Species 
Abundance  

Quantitative Records number of 
individuals and size  

Time constraints 

Line/Strip/Belt 
transect 
(Brock 1954) 

Quantitative Line laid prior to 
observations  
Records number of 
individuals and size  
 

Speed variability: rare 
and cryptic species 
overlooked, highly 
mobile species 
overestimated 

Video Transect Quantitative Video recording Limited resolution 
Circular Plot Quantitative Visual or video recording 

of all fishes in a 360o arc 
in a designated time 

Water visibility estimate 
necessary 
High variability 

 
Size structure is also calculated from the data. Size structure of fish populations can be an 
informative means of characterizing fish communities both spatially and temporally. 
Variations in recruitment processes such as production, transport, settlement, and 
mortality, can be revealed in missing or reduced size classes. Lack of recruitment can 
limit population size. Variations in size categories can explain variation in site attached 
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fishes. The condition of different size assemblages can provide clues to causal 
mechanisms and links to environmental factors. Certain anthropogenic impacts can be 
detected, including the most influential impact of overfishing, by quantifying absence or 
highly reduced abundance of food fishes in the larger size classes. Absence or 
overabundance in certain size groups can predict future trophic structure and species 
composition. Size classes can directly influence competition, predation, and shifts in 
community structure.  
 
Endemism is also determined from transect data. Endemic species are found only in  the 
region and nowhere else in the world. Indigenous species are found in the region and 
alsoin other regions. Introduced species were not originally from the region but have been 
established due to intentional or accidental introductions. Endemism is a biologically 
relevant attribute in examining fish assemblages. It relates to conservation of 
biodiversity, genetic connectivity and spatial patterns of recruitment. Historically, 
endemic comparisons have been based solely on presence/absence data due to lack of 
quantitative data. Yet, endemism evaluations are more statistically meaningful when 
incorporating numerical and biomass densities which allow for inclusion of spatial 
patterns. 
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Abstract

1. Ancient Hawaiians developed sophisticated natural resource management systems

that included various forms of spatial management.

2. The state of Hawaiʻi established its first legislated marine protected area (MPA) in

1953, and today there exists a patchwork of spatial marine management strategies

along a range of sizes, with varying levels of governance, enforcement, and

effectiveness.

3. Approximately 12% of waters within the 50 m depth contour and 5% of waters

within state jurisdiction (≤3 nmi) have some form of marine management. No‐

take areas make up <0.5% of nearshore waters, and combined with highly

protected areas account for 3.4% of this habitat. Most of the existing MPAs are

small, with a median area of 1.2 km2 (confidence interval 0.2–8.1).

4. Twenty‐five datasets, representing 1,031 individual surveys conducted throughout

Hawaiʻi since 2000, were used to compare fish assemblage characteristics amongst

a subset of MPAs using a regulation‐based protection classification scheme.

5. Fully and highly protected areas had significantly greater resource fish biomass

than areas with intermediate or low protection did. High human population density

adjacent to MPAs had a negative influence on fish trophic structure within MPAs,

whereas remote MPAs harboured higher fish biomass. Complex and heteroge-

neous habitats were important contributors to MPA effectiveness.

6. Long‐term monitoring of select MPAs showed mixed and complex trajectories.

Resource fish biomass increased after the establishment of the Hanauma Bay

Marine Life Conservation District in 1967 but plateaued after ~15 years, followed

by changes in assemblage structure from fish feeding and invasive species. The

Pūpūkea Marine Life Conservation District, established in 1983, was expanded

sevenfold in 2003 and showed dramatic increases in resource fish biomass follow-

ing increased protection.

7. This information is critical to improving effectiveness of existing MPAs, helping

inform ongoing efforts to implement a network of MPAs statewide, and aiding in

the development of comprehensive statewide marine spatial planning.
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1 | INTRODUCTION

As a result of local and global anthropogenic stressors, coral reefs are

becoming increasingly degraded worldwide (Hoegh‐Guldberg et al.,

2007; Hughes et al., 2017). The failure of contemporary management

to halt these declines has led to a growing interest in exploring new

and innovative approaches to conserving marine ecosystems. Marine

protected areas (MPAs) have been shown to be a highly effective

means of conserving biodiversity and managing fisheries, while also

restoring and preserving overall ecosystem function (Gaines, White,

Carr, & Palumbi, 2010; Lubchenco & Grorud‐Colvert, 2015).

The effectiveness of MPAs can be influenced by many factors,

including their size, shape, age, level of protection, and movement pat-

terns of individual species (Babcock et al., 2010; Botsford, Micheli, &

Hastings, 2003; Claudet et al., 2008; Edgar et al., 2014; Gill et al.,

2017). Human impacts in surrounding areas can affect the capacity

of MPAs to deliver key conservation benefits (Cinner et al., 2018).

MPAs in low human‐impact areas are required for sustaining ecologi-

cal functions like high‐order predation, but reserves in high‐impact

areas can provide substantial conservation gains in fish biomass. Most

MPAs include a variety of zoning and management schemes, ranging

from single to multiple zones and from no‐take to multiple‐use areas

(Spalding, Fish, & Wood, 2008). Fully protected areas have been

shown to have much greater conservation benefits than areas under

lesser levels of protection (Horta e Costa et al., 2016; Lester et al.,

2009; Sala & Giakoumi, 2017). Larger MPAs protect a greater amount

and diversity of habitats, as well as critical habitats and processes that

help maintain ecosystem integrity, providing protection for a wider

range of species and buffering against environmental fluctuations

and large‐scale disturbances (Allison, Gaines, Lubchenco, &

Possingham, 2003; Dayton, Sala, Tegner, & Thrush, 2000; Roberts

et al., 2017). Large MPAs are also more likely to contain fully func-

tional ecosystems and suffer less from outside effects since they have

a smaller perimeter‐to‐area ratio (Bartholomew et al., 2008; McLeod,

Salm, Green, & Almany, 2009).

Closing certain areas to harvest for periods of time has been prac-

tised for centuries by Pacific Islanders to help sustain healthy popula-

tions of marine resources (Cinner, Marnane, McClanahan, & Almany,

2006; Johannes, 1982). Hawaiians of old (pre‐Western contact, before

AD 1778) developed sophisticated and complex management systems

for marine resource use that included various forms of spatial manage-

ment (Kahaʻulelio, 2006; Malo, 1951). Today, myriad state and federal

authorities manage Hawaiʻi's coastal resources, which include various

forms of spatial management (Friedlander, Stamoulis, Kittinger,

Drazen, & Tissot, 2014). Hawaiʻi established its first MPAs over

65 years ago, and since that time numerous MPAs have been created

with varying levels of protection, ranging from complete ‘no‐take’

areas to areas that allow a wide variety of activities to occur within

their boundaries. Designation of many of these areas was not based

on comprehensive biological selection criteria or a systematic ecolog-

ical assessment, but rather the existing system was built piecemeal

and is reflective of various approaches to manage user conflicts, safe-

guard protected species, or address the wishes of local communities. A

comprehensive examination of existing marine life conservation dis-

tricts (MLCDs)—the most restrictive type of MPA in Hawaiʻi—previ-

ously showed that areas fully protected from fishing had higher fish

biomass, larger overall fish size, and higher biodiversity than adjacent

areas of similar habitat quality (Friedlander, Brown, & Monaco,

2007a, b).

Reef fish populations and their associated fisheries have declined

dramatically around Hawaiʻi over the past 100 years due to a growing

human population, destruction of habitat, introduction of new and

unsustainable fishing techniques, and loss of traditional conservation

practices (Friedlander et al., 2014; Smith, 1993). Today in Hawaiʻi,

resource (food) fish biomass is low in areas near large human popula-

tions; however, remote areas with small human populations in the

main Hawaiian Islands (MHI) still support high standing stock of impor-

tant fisheries species (Friedlander et al., 2018; Williams et al., 2008).

Owing to the large number and variety of MPAs in Hawaiʻi, the

objectives of this work were first to characterize these protected areas

based on their potential for biodiversity conservation and fisheries

replenishment according to existing regulations. The next objective

was to examine the efficacy of these protected areas based on bio-

physical and governance factors, followed by an examination of the

long‐term trends in three well‐established MPAs. This information is

critical to developing sustainable fisheries management strategies,

which includes improving management of existing MPAs, helping

inform ongoing efforts to implement a network of MPAs statewide,

and aiding the development of comprehensive marine spatial planning.

2 | METHODS

2.1 | Marine managed areas classification

Within the MHI, there are more than 90 unique marine managed areas

that regulate fishing and other marine‐related activities (State of

Hawaiʻi Office of Planning, 2018; Figure 1, Supporting Information

Table S1). These areas include MLCDs (designed primarily for conser-

vation), fisheries management areas (designed to resolve conflicts

among users), and fish replenishment areas (aquarium fish protected

areas), along with various areas with other designations, such as mili-

tary exclusion zones, national parks, and community‐based manage-

ment areas. Some of these areas were excluded from these analyses

because they did not meet the criteria specific to the classification
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schemes employed (e.g. harbours, piers, anchorages, canals, specific

military designations).

Because of the diversity of MPAs in Hawaiʻi, areas were grouped

into management categories based on existing classification schemes

to evaluate their effectiveness. The International Union for the

Conservation of Nature (IUCN) protected area management

categories are a global framework, recognized by the Convention

on Biological Diversity, which distinguishes six categories of protec-

tion (i.e. scientific reserve, national park, natural monument/national

landmark, nature conservation reserve, protected landscape) based

FIGURE 1 Marine protected areas in the main Hawaiian Islands mapped by International Union for the Conservation of Nature categories and
protection class based on the modified regulation‐based classification system of Horta e Costa et al. (2016). Dotted tan line delineates 3 nmi state
waters and the dotted lavender line delineates the 50 m depth contour around each island
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on their management objectives (Dudley, 2008). MPAs were classi-

fied by the IUCN categories using guidance provided by the IUCN

specific to MPAs (Table 1; IUCN World Commission on Protected

Areas, 2018).

These IUCN categories were not designed to capture the variety of

regulations within MPAs and did not seem appropriate to classify

Hawaiʻi's existing MPAs for purposes of assessing protection effec-

tiveness. An alternative classification scheme has been proposed by

Horta e Costa et al. (2016), which focuses on the potential impact of

different gear types and regulations on biodiversity and habitats

(Table 2). The regulation‐based classification system was adapted to

the unique characteristics of the MPAs and nearshore fisheries found

in Hawaiʻi, ultimately reducing them to four major classes of protec-

tion (full, high, intermediate, and low). Highly protected areas permit

limited fishing, which is typically restricted to gear types such as

pole‐and‐line that have low gear efficiency and minimal habitat

impacts. Fully and highly protected areas were together classified as

strongly protected for analysis purposes owing to the small number

of fully no‐take MPAs in Hawaiʻi, and previous work in Hawaiʻi

(Friedlander et al., 2007a) and elsewhere (Horta e Costa et al., 2016)

showing that highly protected areas can have comparable fish biomass

and assemblage structure to fully protected no‐take MPAs. Intermedi-

ate levels of protection allow a wider range of gear types but restrict

gear types that are highly efficient and those most damaging to eco-

system function and habitats (e.g. gill nets, scuba spear). Low levels

of protection were assigned to MPAs that only regulated a specific

gear (e.g. gillnets) or fishery (e.g. coastal pelagic species).

2.2 | Fish sampling methods

To compare the efficacy of these MPAs, fish assemblage structure

among MPAs was examined using data from underwater visual sur-

veys. Twenty‐five datasets were compiled, representing 1,031 individ-

ual fish surveys at 26 MPAs from throughout the MHI since 2000.

These data were rigorously checked for errors and integrated into a

common database with a standardized structure. A number of

methods were used to assess fish populations across the MHI, includ-

ing belt transects of various dimensions (e.g. 25 m × 5 m, 25 m × 4 m,

and 25 m × 2 m), stationary point counts (15 m diameter), and 5 min

timed swims. Details of each method are described in Supporting

Information Table S2.

Underwater surveys of fishes in Hanauma and Kealakekua bays

were first conducted in 1952 using long (230 m × 3 m) belt transects.

Following the creation of the Hanauma Bay MLCD in 1967 and the

Kealakekua Bay MLCD in 1969, long‐term monitoring was initiated by

the Hawaiʻi Division of Aquatic Resource (HDAR) using this same long

belt transect method. In 1982, the Pūpūkea MLCD was established

and HDAR began long‐term monitoring of fishes at this site using the

same methodology. Beginning in 2005, HDAR changed their sampling

TABLE 1 Characteristics of marine protected areas in Hawaiʻi based on IUCN categories (IUCN World Commission on Protected Areas, 2018)

Characteristics Ia II IV V VI Total

Number 3 12 4 10 41 70

Total area (km2) 202.4 9.9 38.5 312.5 308.8 872.1

Total area 50 m (km2) 44.6 9.9 3.5 5.8 120.8 184.6

Area ≤50 m (%) 2.0 0.5 0.2 0.3 5.5 8.4

Area ≤3 nmi (%) 1.2 0.1 0.2 1.9 1.9 5.2

Area, mean (SD) (km2) 67.5 (116.5) 0.8 (1.2) 9.6 (17.9) 31.2 (0.6) 7.5 (42.1) 12.5 (31.3)

Area, median (95% CI) (km2) 0.4 (0.1–202.0) 0.3 (0.1–0.7) 1.0 (0.1–27.7) 11.9 (7.4–41.6) 1.3 (0.3–6.9) 1.6 (0.3–8.2)

Age (years), mean (SD) 23.7 (18.6) 39.2 (13.8) 10.7 (7.6) 32.2 (20.2) 28.5 (9.8) 29.7 (12.9)

TABLE 2 Characteristics of marine protected areas in Hawaiʻi based on based on the modified regulation‐based classification system of Horta e
Costa et al. (2016)

Characteristics Full High Intermediate Low Total

Number 12 6 40 14 72

Total area (km2) 10.2 221.5 412.5 228.0 872.2

Total area 50 m (km2) 10.1 62.7 126.6 70.7 270.1

Area ≤50 m (%) 0.5 2.9 5.8 3.2 12.3

Area ≤3 nmi (%) <0.1 1.3 2.5 1.4 5.2

Area mean (SD) (km2) 0.8 (1.2) 36.9 (80.9) 10.3 (17.6) 16.3 (36.6) 12.1 (30.9)

Area, median (95% CI) (km2) 0.3 (0.2–0.7) 4.7 (1.1–56.3) 3.3 (0.4–9.1) 0.6 (0.1–14.4) 1.2 (0.2–8.1)

Age (years), mean (SD) 36.1 (16.9) 32.8 (13.9) 26.3 (11.3) 27.7 (7.9) 28.9 (12.6)
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methods within these MLCDs to be consistent with the West Hawaiʻi

Aquarium Project (25 m × 2 m), while also adding a 5 min timed swim

for resource species (Supporting InformationTable S1).

2.3 | Methods calibration

Underwater visual fish survey methods each have unique biases

(Colvocoresses & Acosta, 2007; Edgar, Barrett, & Morton, 2004;

McClanahan et al., 2007). Differences in the performance of these sur-

vey methods requires that data gathered by multiple methods should

be standardized before being combined for analysis (Maunder & Punt,

2004). To account for overall differences in survey methods, conver-

sion factors were calculated to standardize methods using general lin-

ear models and Monte Carlo simulations to calculate methods

calibration factors (Nadon, 2014). Calibrations were calculated by spe-

cies, where possible, using the following decision rules: (1) ≥10 paired

observations were available within an island; (2) if the proportion of

zeros was high (>15%), a delta model was run where occurrences were

modelled separately from non‐occurrences; (3) the fit was checked for

normally distributed residuals, and if this check failed the model was

rerun and checked with log‐transformed data. If a species did not pass

this series of rules then a calibration factor was not calculated, and a

calibration factor for each combination of family and trophic level

was calculated and applied instead. If a calibration factor could not

be calculated at the combined family–trophic level, then a global cali-

bration was used that considered all species pooled for each method.

For all subsequent analyses, density estimates were based on cali-

brated densities of raw data (Friedlander et al., 2018, table S3).

2.4 | Biomass estimates

The biomass of individual fishes was estimated using the allometric

length–weight conversion: W = a × TLb, where parameters a and b

are species‐specific constants, TL (cm) is total length, and W (g) is

weight. These constants were obtained from a comprehensive assess-

ment of Hawaiʻi length–weight fitting parameters (Froese & Pauly,

2011). The cross‐product of individual weights and numerical densities

was used to estimate biomass by species. Fishes were categorized into

four trophic groups (piscivores, invertivores, planktivores, and herbi-

vores) after DeMartini, Friedlander, Sandin, and Sala (2008) and

Sandin et al. (2008). Resource species were defined either as those

species having ≥450 kg of average annual commercial or recreational

harvest from 2000 to 2010 or as recognized species that are

important to the local subsistence or cultural sectors (Friedlander

et al., 2018).

2.5 | Statistical analyses

Total fish biomass and resource fish biomass among major MPA clas-

ses (full and high combined, intermediate, and low) were analysed

using generalized linear mixed‐effects models (GLMMs, Bolker et al.,

2009) with the ‘glmer’ function in the ‘lme4’ package in R version

3.4.1 (Bates, Mächler, Bolker, & Walker, 2015). MPA class was treated

as a fixed effect. Dataset was included as a random effect to account

for differences in sampling and methods across datasets included in

the analyses (Friedlander et al., 2018). Model fits were assessed by

visual inspection of residuals. The models for total fish biomass and

resource fish biomass were fitted using a gamma error structure with

a log link function (Crawley, 2012). GLMMs were rerun with an addi-

tional random effect of year and compared with models without year

using likelihood ratio tests. To examine the influence of depth on MPA

class, the GLMM was rerun using MPA class, depth, and their interac-

tion as fixed effects. Hypothesis tests for fixed effects were based on

likelihood‐ratio tests using the ‘Anova’ function in the ‘car’ package in

R (Fox & Weisberg, 2011). Unplanned post hoc multiple comparisons

to discriminate between pairwise treatments of fish assemblage char-

acteristics among classes were tested using a Tukey's honestly signifi-

cant difference (HSD) test in the ‘glht’ function in the ‘multcomp’

v1.4–7 package in R (Hothorn, Bretz, & Westfall, 2008).

To describe the pattern of fish trophic structure within MPAs and

their relationship to MPA characteristics, direct gradient analysis

(redundancy analysis, RDA) was performed using the ordination

program CANOCO version 5.0 (Ter Braak & Šmilauer, 2012). Linear

models were appropriate, as a preliminary detrended correspondence

analysis showed short gradient lengths along the ordination axes

(<2 SD). The response variables were centred and log transformed fish

trophic biomass data by MPA. Explanatory variables consisted of level

of protection, MPA age, MPA size, benthic habitat characteristics

(PC1, PC2), and human population density associated with each

MPA. All explanatory variables were centred and standardized prior

to analysis. Pearson's product‐moment correlation analysis was used

to test for dependence between explanatory variables, which resulted

in no pairwise comparisons greater than ρ = 0.54. We therefore

included all explanatory variables in the RDA. To rank MPA character-

istics in their relevance to fish assemblage structure, interactive for-

ward selection was used; the statistical significance of each variable

was judged by a Monte Carlo unrestricted permutation test with

499 permutations (ter Braak & Verdonschot, 1995).

Benthic habitat characteristics were generated by extracting

detailed structure data (e.g. rock/boulder, aggregated coral reef, pave-

ment, sand, patch reef) from benthic habitat maps derived from visual

interpretation of multispectral IKONOS and Quickbird satellite imag-

ery (Battista, Costa, & Anderson, 2007). Habitat boundaries were

delineated around signatures (e.g. areas with specific colour and tex-

ture patterns) in the orthorectified imagery mosaic corresponding to

habitat types in the classification scheme. Thematic map accuracy

was >90.0% for all detailed habitat structures. Although these

vector‐based benthic habitat maps are limited to a two‐dimensional

planar representation, they are the best available for the study area

and adequately represent the reef surface area except in areas with

great topographic change (e.g. steep slopes and reef walls), which

were not common in the MPAs that were assessed.

A principal components analysis was performed using the area of

coverage for detailed structure categories among MPAs. PC1 and PC2

from the benthic principal components analysis were used as variables
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to describe the benthic community among MPAs in the RDA. Human

population density was used as a proxy for isolation and human impacts

associated with MPAs. Total human population based on 2010 census

data (www.census.hawaii.gov) within each moku (traditional Hawaiian

district) was divided by the shoreline length of that moku to provide

an index of human population pressure (Friedlander et al., 2018).

Long‐term trends in resource fish biomass were examined for the

Hanauma Bay and Pūpūkea MLCDs on Oʻahu, and zones A and B of

the Kealakekua Bay MLCD on Hawaiʻi Island. All fishing is prohibited

within Kealakekua zone A. Within zone B, it is permitted to fish for,

take, or possess any finfish using hook‐and‐line and thrownet. These

long‐term datasets have been collected by the Hawaiʻi Division of

Aquatic Resources starting in 1952 in Hanauma Bay and Kealakekua

Bay zones A and B, and in Pūpūkea starting in 1983. GLMMs were

fitted for Hanauma Bay, Pūpūkea, and Kealakekua zone A. Signifi-

cance of the fixed effect (survey year) was tested using the F ‐statistic.

Survey method was included as a fixed effect to account for the influ-

ence on density estimation due to detection differences. Each transect

site was treated as a random effect to account for repeated surveys. A

simple linear model was used to test the annual trend for Kealakekua

zone B since there was only one transect site and one method.

Segmented regression (Muggeo, 2008) was also used to explore

non‐linear trends in resource fish biomass across years in each MLCD

using the R package ‘segmented’ and approximate F ‐test using

Kenward–Rogers approximation for degrees of freedom in the R pack-

age ‘lmerTest’.

Fish assemblage size spectra (Graham, Dulvy, Jennings, & Polunin,

2005; Rochet & Trenkel, 2003) were described for each long‐term

MLCD using least‐squares regression to relate log10‐transformed

numerical densities to body length in 3 cm size bins. Size spectra were

performed for each year, with the resulting slopes plotted against

years and fitted to least‐squares regressions. F ‐statistics were used

to examine trends in slopes for each MLCD using the ‘car’ package

in R. Years with less than five size bins were eliminated from these

analyses (Kealakekua Bay zone A: 1952; Kealakekua Bay zone B:

1970, 1994, 1998, 1999, 2003).

To examine patterns in fish assemblage structure over time in each

long‐term MLCD, constrained analysis of principal coordinates with a

Bray–Curtis distance matrix was performed using the ‘vegan’ package

in R on fish biomass by family using year as the constraint. Biomass of

each family for each transect was standardized using Wisconsin dou-

ble standardization. The misclassification error or residual error was

used to obtain a non‐arbitrary decision concerning the appropriate

number of dimensions to include in the constrained analysis of princi-

pal coordinates (Anderson & Willis, 2003).

3 | RESULTS

3.1 | Characteristics of marine managed areas

Most of the existing marine management areas are small, with a

median area of 1.2 km2 (confidence interval 0.2–8.1). The Kahoʻolawe

Island Reserve is the largest MPA in the MHI at 202.1 km2, which

accounts for 23% of total MPA coverage within state waters (3 nmi

from shore) and 16% of waters within the 50 m depth stratum. The

mean age of MPAs is 28.9 years (±12.6 years SD), with the oldest

being the Moku o Loʻe Marine Laboratory Reserve, established in

1953.

The total area considered under marine management was 872 km2,

which covered 5% of state waters within 3 nmi from shore. Of this,

270.1 km2 was within the 50 m depth contour and encompassed

12.6% of this nearshore area using the regulation‐based classification

scheme. One‐third of the MPAs in the database could not be classified

using the IUCN criteria. Of the remaining areas, IUCN Categories Ia

and II (the most restrictive designations) together covered 2.5% of

waters within the 50 m depth stratum.

Owing to the difficulties in assigning IUCN categories to many of

the MPAs in Hawaiʻi, the regulated‐based scheme was used to assess

MPA contributions to marine protection. Under the regulation‐based

classification scheme, fully protected areas made up <0.5% of near-

shore waters (within 50 m depth stratum) and combined with highly

protected areas accounted for 3.4% of the nearshore area. However,

most of this coverage was within the Kahoʻolawe Island Reserve,

which incorporates 42.2 km2 of highly protected nearshore waters. If

Kahoʻolawe was excluded from this calculation, then <1% of nearshore

waters were highly protected.

The MPAs of Hawaiʻi Island comprised 35.9% of all nearshore

areas under marine management, with 33% of the island protected

in some manner (Table 3). An additional 24% of nearshore protected

area occurs around Oʻahu, although <2% of this is classified as strongly

protected. The island of Kauaʻi contributed an additional 18.2% to

total protected area within 50 m depth; however, 81% of this cover-

age is located within the Barking Sands Pacific Missile Testing Range

Danger Zone (39.9 km2), which provides low protection. The entire

island of Kahoʻolawe has a high level of protection under the Kahoʻo-

lawe Island Reserve. For all other islands, strong levels of protection of

nearshore waters (≤50 m depth) range from ~2.5% of the nearshore

area around Molokaʻi to virtually none around Kauaʻi.

3.2 | MPA efficacy

Resource fish biomass (g m−2) was highest in Kalaupapa National His-

torical Park (X = 164.8 ± 117.8 SD) and the Kahoʻolawe Island Reserve

(X = 125.7 ± 102.3 SD), and lowest at theWaikiki Beach Restricted Area

(X = 2.8 ± 2.0 SD, Figure 2). There were significant differences in total

fish biomass (Gamma GLMM: x22; 1;021 ¼ 112:1, P < 0.01) and resource

fish biomass (Gamma GLMM: x22; 1;021 ¼ 126:7, P < 0.01) among the

three levels of regulation‐basedMPA protection. In both cases, fish bio-

mass was significantly higher (P < 0.01) in highly protected areas than in

areas of intermediate or low levels of protection, and significantly

higher in intermediate areas than in areas of lowprotection (high > inter-

mediate > low). No effect of survey year was found when modelled

independently against resource fish biomass (Gamma GLMM,

P = 0.65), suggesting little change in biomass within MPAs over the
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study period. There was a significant effect of depth on resource fish

biomass (Gamma GLMM, P < 0.001), but the interaction of depth and

MPA class was not significant (Gamma GLMM, P = 0.09), indicating that

depth was not a significant determinant of differences in MPA class

efficacy.

MPAs were well separated in ordination space according to

regulated‐based levels of protection (Figure 3). The first two axes of

the RDA biplot explained 62.0% of the variance among fish trophic

groups and 98.1% of the trophic groups and MPA variables relation-

ship (Table 4). MPAs with high levels of protection explained 22.6%

of the variation in fish trophic structure, followed by PC2, which

explained 22.0% of the variation. PC2 was a proxy for habitat type,

with the major loading being scattered coral/rock (0.73), rubble

(0.73), aggregated reef (0.65), and rock/boulder (−0.62). MPAs with

low protection from fishing explained an additional 12.8% of the var-

iation, followed by population density by moku (district), which

accounted for an additional 6%.

3.3 | Temporal comparisons

There were significant increases in resource fish biomass in Hanauma

Bay ( F 1, 576 = 8.2, P < 0.01) and Pūpūkea ( F 1, 354 = 8.8, P < 0.01)

MLCDs over the study period (Figure 4). Kealakekua zones A

( F 1, 215 = 2.7, P = 0.10) and B ( F 1, 32 = 2.9, P = 0.10) showed no appar-

ent trends over time. Segmented linear regression showed a significant

increase (slope: 8.6; F 1, 33 = 14.7, P < 0.01) in resource fish biomass in

Hanauma Bay after initial protection, with a break point in 1982, after

which time there has been a slight decrease in resource fish biomass

(slope: −1.04; F 1, 536 = 30.5, P < 0.01). However, there was a significant

effect of survey method, which changed in 2005 (P < 0.01). The

initial slope of resource fish biomass in the Pūpūkea MLCD was not

significant (slope: 0.17; F 1, 316 = 0.8, P = 0.37) but increased dramati-

cally after 2015 (slope: 25.8; F 1, 79 = 8.8, P < 0.01). Initial trends in

resource fish biomass in Kealakekua Bay zone A were relatively flat

(slope: 0.01; F 1, 35 = 0.48, P = 0.49), with a slight but non‐significant

TABLE 3 Area (km2) of levels of protection by island, based on the modified regulation‐based classification system of Horta e Costa et al. (2016).
Nearshore = area ≤ 50 m depth

Island

Statewide nearshore

area protected (%)

Area (km2) of nearshore

≤ 50 m depth Full High Intermediate Low Total

Nearshore protected

by island (%)

Hawaiʻi 35.9 295.6 4.6 1.0 73.7 17.6 96.9 32.8

Kahoʻolawe 16.4 44.2 — 44.2 — — 44.2 100.0

Kauaʻi 18.2 332.8 0.1 — 9.2 39.9 49.2 14.8

Lanaʻi 0.4 131.0 — 1.2 — 0.0 1.2 0.9

Maui 2.4 366.1 3.8 — 2.8 — 6.5 1.8

Molokaʻi 2.9 306.7 — 7.6 — 0.1 7.8 2.5

Oʻahu 23.0 531.0 1.7 8.6 40.9 13.0 64.3 12.1

Total 100.0 10.1 62.7 126.6 70.7 270.1

FIGURE 2 Resource fish biomass (g m−2) for
marine protected areas (MPAs) in Hawaiʻi,
ordered from highest to lowest. Box plots
showing median (black line), mean (white line),
upper and lower quartiles, and 5th and 95th
percentiles. MPAs are colour coded according
to protection class. Inter. = intermediate
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decline (slope: −1.0; F 1, 177 = 3.70, P = 0.06) after a break point in 1996.

However, there was a modestly significant effect of survey method

(P = 0.03). Segmented regression could not be performed on

Kealekekua zone B since the years around the break point were not sur-

veyed adequately for the regression to be fit.

Size spectra analysis was used to examine changes in size structure

of fish assemblages in each MLCD over time. Slopes of the size spec-

tra showed significant increases in Hanauma Bay and Kealakekua Bay

zone B (P < 0.01 for both) since establishment (Figure 5). However, in

Kealakekua zone A and Pūpūkea the slopes of their size spectra were

not significantly different from zero since establishment.

All MLCDs showed significant family compositional changes over

time (Hanauma: F 1, 581 = 28.68, P = 0.001; Pūpūkea: F 1, 439 = 6.78,

P = 0.001; Kealakekua Bay zone A: F 1, 218 = 9.92, P = 0.001;

Kealakekua Bay zone B: F 1, 33 = 5.51, P = 0.001) (Figure 6). Constrained

variables (time) explained 25% of the variation at Kealakekua zone A,

62% at Kealakekua zone B, 8% at Pupukea, and 11% at Hanauma.

The misclassification error or residual error accounted for 50.6% of

the residual variation at Kealakekua zone A, 28.5% at Kealakekua

zone B, 65.8% at Pupukea, and 61.7% at Hanauma.

In most cases, within‐decade concordance was high. In the early

years (1960–1970s) 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 increase in fish feeding during that time. Once

fish feeding was banned in 1999, the family composition reverted to

something resembling that in the 1960s, but with the addition of

two invasive species from the families Serranidae (Cephalophus argus)

and Lutjanidae (Lutjanus kasmira).

In the earlier years of the Pūpūkea MLCD, wrasses (Labridae) and

surgeonfishes (Acanthuridae) weremost abundant. Following increased

protection in 2003, resource species such as jacks (Carangidae) and

parrotfishes became more important in the assemblage. In both zones

in Kealakekua Bay, wrasses were most abundant in the earlier years,

followed by an increase in the importance of parrotfishes, as well as

grouper and snappers, which were represented by the two invasive

species (C. argus and L. kasmira). In Kealakekua Bay zone B,

surgeonfishes also became more important in the latter years.

4 | DISCUSSION

The large number of MPAs in Hawaiʻi gives the impression of a sub-

stantial network of actively managed areas, but in reality the majority

of these areas are small, and nearly all allow some form of fishing

within their boundaries. The existing MPAs were built ad hoc,

reflecting the need to manage user conflicts, conserve biodiversity,

or address local interests. The diversity of MPAs in Hawaiʻi provides

a unique opportunity to examine the effectiveness of existing areas

while also providing guidance for future protected areas.

4.1 | Level of protection

Fully and highly protected MPAs in Hawaiʻi harboured greater fish bio-

mass than areas with intermediate or low levels of protection. Cur-

rently, only 3.4% of Hawaiʻi's nearshore areas within 50 m depth (an

FIGURE 3 Biplot of results of redundancy analysis on fish biomass
of trophic groups with marine protected area (MPA) variables (level
of protection, size, age, human population by moku, PC1, and PC2).
Data were centred and log‐transformed fish biomass for trophic
groups by MPA. MPA characteristics were centred and standardized
prior to analysis. Pisc: piscivores; Invert: invertivores; Plank:
planktivores; Herb: herbivores. MPAs are colour coded according to
protection class: red circles, fully protected; brown circles, highly
protected; green circles, intermediate protection (Inter); and blue
circles, low protection

TABLE 4 (a) Results of redundancy analysis (RDA) on log‐trans-
formed fish biomass data for trophic groups with MPA variables (level
of protection, size, age, human population by moku, PC1, and PC2). (b)
Conditional effects of Monte‐Carlo permutation results on the RDA

(a) Axes Axis 1 Axis 2 Axis 3 Axis 4

Eigenvalues 0.58 0.04 0.01 0.01

Explained variation

(cumulative)

58.35 62.04 63.01 63.22

Pseudo‐canonical
correlation

0.88 0.51 0.43 0.21

Explained fitted

variation

(cumulative)

92.29 98.12 99.66 100.00

(b) Variables

Explained

(%)

Contribution

(%) Pseudo‐ F P

High protection 22.6 32.7 6.7 0.006

PC2 22.0 31.9 8.7 0.006

Low protection 12.8 18.6 6.3 0.004

Human population

density

5.8 8.4 3.2 0.034
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approximation of inshore habitats, which are the primary targets for

fishing of reef and reef‐associated species) are in strongly protected

(full and high combined) areas, and only 0.5% are within no‐take MPAs

(‘full’ protection). A large majority (72%) of the state's strongly

protected waters are in the Kahoʻolawe Island Reserve, and therefore

the remaining extent of strongly protected areas is extremely limited.

FIGURE 4 Resource fish biomass density (g m−2) by survey year for three marine life conservation districts (MLCDs). Blue arrows indicate the
year each protected area was established. The brown arrow shows the year fish feeding was banned at Hanauma Bay. Surveys methods

include Dingell–Johnson 230 m × 3 m belt transects (DJ), 5 min timed resource fish swims (5min), and four 25 m belt transects at permanent sites
(West Hawaii Aquarium Project, WHAP). Black lines show biomass trends standardized for the DJ method for MLCDs with significant increases.
Green lines show fitted segmented regressions

FIGURE 5 Mean slopes of size spectra for among years for three marine life conservation districts (MLCDs). Black lines show the fitted
regression line for MLCDs with significant trends. Blue bands show 95% confidence intervals for the fitted regression lines
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Approximately 95% of state‐managed waters (within 3 nmi of shore)

are not spatially managed for fishing or specially restricted in any way.

The assessment of progress towards ocean conservation targets

varies considerably (Fitzsimons, 2011; Horta e Costa et al., 2016).

Major disagreements as to the actual area protected globally results

in a false sense of accomplishment, especially when greater protec-

tion is needed (Sala & Giakoumi, 2017). The World Database on

Protected Areas (United Nations Environment World Conservation

Monitoring Centre & IUCN, 2018) states that ~7% of the ocean is

protected, whereas analysis by the Atlas of Marine Protection (Marine

Conservation Institute, 2018) suggests that only 3.6% of the world's

oceans are in MPAs and only half of that is strongly protected in

no‐take marine reserves. The term ‘MPA’ is now being used so

loosely that it no longer connotes meaningful protection, emphasizing

the current overestimation of marine protection and highlighting the

need for more transparent methods of accessing accurate marine pro-

tection levels (Malta Declaration, 2017).

4.2 | Biophysical factors

The median size of MPAs in Hawaiʻi (1.1 km2) is minuscule compared

with the geographic extent of the species they are designed to

protect. This is even more pronounced in full and highly protected

areas, where the median size is only 0.6 km2 (confidence interval

0.3–3.4). The influence of MPA size in explaining fish trophic structure

within MPAs in Hawaiʻi was low (~2%) and may partially be attributed

to the small size of the vast majority of these areas.

Larger MPAs are more effective because they encompass biologi-

cally connected and diverse ecosystems, allowing a greater fraction

of fish populations to remain protected than in smaller MPAs

(Jennings, 2000; Sale et al., 2005). To maintain healthy populations

of targeted fisheries species, marine reserves should be larger than

the home ranges of the species of interest (Green et al., 2014). A

meta‐analysis of European MPAs found that for every onefold

increase in no‐take MPA size, there was a 35% increase in the density

of commercial fishes within the reserve (Claudet et al., 2008). In

Tasmania, the largest MPAs had higher fish species richness, higher

density of large fish, and larger‐sized exploitable fishes than the

smaller reserves did (Edgar & Barrett, 1999).

Increasing MPA size often incurs significant socio‐economic costs

that impede the implementation of these areas (Devillers et al.,

2014). In some cases, smaller MPAs have been shown to be effective

(Aburto‐Oropeza et al., 2011; Russ & Alcala, 2003) and are therefore

useful components in a larger MPA network. Although the current

small size and extent of MPAs in Hawaiʻi are not meeting their stated

FIGURE 6 Constrained analysis of principal coordinates (CAP) of fish family biomass among years for each marine life conservation district. Only
families with CAP1 or CAP2 scores with absolute values ≥0.5 are shown. Years are colour coded from red to blue/purple as older years to more
recent years
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conservation and fisheries management objectives (Friedlander et al.,

2007a), they can be designed as effective components of a larger net-

work, which is an effort that is of importance considering the chal-

lenges in creating new and larger MPAs. This may be particularly

relevant in highly urbanized areas, where area protection is

constrained due to conflicts among multiple users (Curley, Kingsford,

& Gillanders, 2003).

Habitat was also an important contributor in explaining MPA effec-

tiveness. MPAs with a heterogeneous mix of habitat types with high

complexity (e.g. aggregated reef, scattered coral, boulder, and rubble)

harboured higher fish biomass and more diverse trophic assemblages

than MPAs with low habitat diversity and low complexity did. This is

consistent with previous work in Hawaiʻi showing MPAs with high

habitat complexity, high coral cover, and low macroalgae cover had

higher values for most fish assemblage characteristics (Friedlander

et al., 2007b).

4.3 | Temporal trends

Long‐term monitoring of select MLCDs has shown mixed and complex

trajectories. In addition, changes in monitoring methods have compli-

cated the interpretation of trends within these protected areas. In

Hanauma Bay, resource fish biomass increased early after the 1967

establishment of the MPA but plateaued after ~15 years, with changes

in assemblage structure resulting from fish feeding and invasive spe-

cies. The Pūpūkea MLCD was established in 1983 and expanded in

area by sevenfold in 2003 while also expanding restrictions to prohibit

most fishing. Dramatic increases in resource fish biomass and the

abundance of target resource fishes (e.g. jacks and parrotfishes) have

been noted since this transition. Although no significant changes have

been observed in resource fish biomass within either zone of the

Kealakekua Bay MLCD, increases in the size structure of fishes within

zone B have occurred over time, suggestive of potential indirect

effects of ecological processes such as predation (i.e. protected fish

growing bigger, resulting in heavier predation on smaller size classes).

Decadal‐scale observations of no‐take MPAs have shown that

direct effects on target species typically occur within 5 years of estab-

lishment, but these effects can be vary greatly depending on the life

histories of individual species (Babcock et al., 2010; Barrett, Edgar,

Buxton, & Haddon, 2007; Russ & Alcala, 2004). Indirect effects can

take a decade or more to develop (Babcock et al., 2010), and many

non‐fishery species do not respond to protection at all (Barrett et al.,

2007). Species‐ and size‐related competitive and predatory control

have been noted in older MPAs, resulting in an ecological succession

of dominance among different families of fishes (McClanahan,

Graham, Calnan, & MacNeil, 2007). MPA size can also play an

interacting role in the rates of recovery inside MPAs. In eastern

Australia, many of the targeted taxa examined were more abundant

in large no‐take MPAs within a few years of their establishment com-

pared with small no‐take MPAs (Malcolm, Jordan, Creese, & Knott,

2016). Collectively, these studies show that MPA effects can be slow,

complex, and species specific.

4.4 | Climate change

Hawaiʻi experienced its first statewide mass‐bleaching event in 2015,

and projections for coral bleaching associated with climate change in

the state indicate that this disturbance will happen regularly by 2042

(Hughes et al., 2017; van Hooidonk, Maynard, Manzello, & Planes,

2014). The state of Hawaiʻi developed a coral bleaching recovery plan

following the mass‐bleaching event to support coral recovery. The

plan calls for the establishment of a network of permanent no‐take

MPAs and a network of herbivore fishery management areas to

enhance the ability of Hawaiʻi's reefs to resist and recover from

increasingly frequent climate disturbances (Chung et al., 2019).

Across the tropical Western Pacific, modelled climate variables

(e.g. sea surface temperature, dissolved oxygen, pH, and net primary

productivity) projected that the maximum potential catch of coral reef

fisheries would decrease >50% in many areas, with some species

becoming locally extinct (Asch, Cheung, & Reygondeau, 2018). In the

absence of more detailed understanding of how the biological sensi-

tivities of reef species across their life stages interact with climate

exposure directly, as well as higher order interactions within the eco-

system, a precautionary approach is warranted. In this sense, MPAs

can serve to maintain intact coral reef ecosystem structure and func-

tion to better withstand mounting climate pressures. Areas where

habitats and species are known to have withstood environmental

changes (or extremes) in the past are potential climate change refugia

and should be protected within future MPAs, because they are likely

to be important for maintaining biodiversity and ecosystem function

in the face of climate change (Green et al., 2014; McLeod et al., 2012).

Well‐managed MPAs may help marine ecosystems and people

adapt to the impacts of climate change (Roberts et al., 2017). Pacific

Islanders and their knowledge–practice–belief systems have a long

history of resilience to environmental variability and unpredictability,

including periodic and severe disturbances (e.g. droughts, floods,

storms, and tsunamis; McMillen et al., 2014). Integrating traditional

ecological knowledge and customary practices into contemporary

marine management has shown promise in many locations, including

Hawaiʻi (Cinner, 2005; Friedlander, Shackeroff, & Kittinger, 2013;

Kittinger, Cinner, Aswani, & White, 2014). Hybridization of customary

beliefs and institutions with modern management concepts such as

MPAs and ecosystem‐based management can help address broader

concerns, such as climate change and coastal degradation (Aswani &

Ruddle, 2013).

4.5 | Marine spatial planning

The seas around Hawaiʻi provide commercial, recreational, and subsis-

tence opportunities, and are vital to the state's approximately US$800

million a year marine tourism industry. Over 80% of the 9 million tour-

ists annually visiting Hawaiʻi participate in some type of marine activity

(Cesar & van Beukering, 2004). The economic value of the Hanauma

Bay MPA alone was estimated at US$650 million in 2002 (van

Beukering & Cesar, 2004). Hawaiʻi's nearshore resources also are
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important for the continuance of Native Hawaiian subsistence fishing

and associated socio‐cultural practices.

The most recent no‐take reserve in Hawaiʻi was established in

2003, and this area was minuscule in size (0.3 km2). There is strong

opposition to the creation of additional MPAs in Hawaiʻi by the large

and vocal fishing community. Fishing is an integral part of the local cul-

ture, and fishers often view MPAs as having a direct negative impact

on their activities and livelihoods. This issue can partially be addressed

through better public relations and educational efforts. There is much

evidence to show that protected areas in fact increase spillover of

fishable biomass into nearby waters (Halpern, Lester, & Kellner,

2009; Vandeperre et al., 2011), supporting local fisheries. In addition,

managers need to engage the fishing community in an equitable stake-

holder participatory approach. For example, incorporating fishers’ local

knowledge into designing MPAs has proven to be effective in gaining

public support for some of these areas (Aswani et al., 2012). Given the

large number of existing MPAs in Hawaiʻi, one strategy might be to

increase protection within existing MPAs, which may not be as con-

tentious as the creation of entirely new protected areas.

There is increased interest among communities and coastal stake-

holders in integrating aspects of Native Hawaiian knowledge systems

and customary practices into contemporary management in Hawaiʻi

(Ayers & Kittinger, 2014). Hybrid systems that incorporate elements

of customary and contemporary management can overcome some of

the limitations to implementation of successful MPAs. Despite the

numerous obstacles to formal governmental authorization, numerous

communities in Hawaiʻi are strengthening local influence and account-

ability for their marine resources, oftentimes independent of govern-

ment support (Friedlander et al., 2013).

Whether an MPA is successful in meeting the goals of supporting

biodiversity and ecosystem function depends on the level of compli-

ance and buy‐in from the people that use the resource. Consistently,

studies have found that human population density negatively impacts

reef fish biomass throughout Hawaiʻi, though the magnitude and

uncertainty of these impacts vary locally (Gorospe et al., 2018;

Williams et al., 2008). Although there is considerable variation in the

predicted natural capacity of different areas throughout Hawaiʻi to

support reef fish biomass, human population density remains a domi-

nant driver of decreased reef fish biomass (Friedlander et al., 2018;

Gorospe et al., 2018). This clear message highlights that marine man-

agement and public‐awareness efforts have a tremendous potential

impact on the health of Hawaiiʻs coral reef ecosystem.

More than half of the 11,000 MPAs in the MPAtlas.org database

are <10 km2 in size, with the median size being 3.8 km2 (Marine

Conservation Institute, 2018; United Nations Environment World

Conservation Monitoring Centre & IUCN, 2018). If marine reserves

and other MPAs are to provide significant conservation benefits to

species, they must be scaled up. Networks of MPAs provide an option

for increasing the benefits often provided by single MPAs (Grorud‐

Colvert et al., 2014), while simultaneously achieving conservation

and fishery goals (Gaines et al., 2010).

At the IUCN World Conservation Congress held in Hawaiʻi in

2016, Governor Ige of Hawaiʻi announced an initiative to effectively

manage 30% of Hawaiʻi's nearshore waters by 2030. This evaluation

of the effectiveness of existing MPAs in the state is an important step

in implementing this 30 × 30 initiative, as it helps to identify which

MPAs have been successful in Hawaiʻi in the past and to define criteria

and principles necessary for effective marine conservation in Hawaiʻi

in the future.

This work has broad regional and global importance owing to the

large number of MPAs examined and the scale of this assessment.

Typically, only a few MPAs are examined in a single study except for

meta‐analyses, where the results can be confounded by differences

in biogeography and other factors. Our results are consistent with

other study findings and can be useful in guiding similar efforts else-

where around the world. This information is critical to improving

effectiveness of existing MPAs, helping inform ongoing efforts to

implement future MPAs, and aiding in the development of compre-

hensive marine spatial planning worldwide.
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Spatial Complexity 
It is evident that fish populations are highly associated with spatial relief for several reasons.  
Increased substrate provides habitat for benthic invertebrates, which serve as the main diet of 
many species of fishes, which in turn are utilized at other trophic levels. Increase in coral cover 
associated with rugosity feed obligate corallivores. Spatial complexity increases habitat 
heterogeneity, providing increased areas of refuge for fish populations from predation and 
competition. Topographical relief can expand the availability of resources and their production 
rate. Increased rugosity results in higher heterogeneity, creating habitat complexity that increases 
fish diversity. Coral diversity, correlated with fish populations, is also probably a direct result of 
habitat complexity. 

Since habitat complexity is important in structuring fish assemblages, an index of fish abundance 
may be obtained through rugosity measurements.  There are clear advantages to this indirect 
measure of abundance. A large sample size is necessary due to the high variability among fish 
populations, many rare, cryptic or mobile species can be under reported, and the power to 
accurately detect absolute fish abundances can be extremely low. Although the use of a rugosity 
index can not substitute for fish abundance data, it can serve as a rapid, easy relative indicator of 
differences between sites over large spatial scales where abbreviated surveys are necessary.   
Spatial complexity can be an indicator in determining the distribution of fish size. For optimum 
protection, fishes select shelter that complements their size, reducing the risk of predation. Size 
of voids in reef structure are positively correlated to numerical and biomass densities. 
Rugosity measurements are heavily influenced by coral cover and diversity, which are also found 
to be highly correlated with fish populations.  Thus, measurements of spatial complexity may 
prove to be a rapid way to assess both coral and fish communities. 

Two well established standard methodologies to provide a rapid, low-cost or an in-depth fine 
scale assessment are the chain method for measures of rugosity and the structure for motion 
photogrammetry method. 

Rugosity 
A fast, easy valid method of determining spatial complexity is the chain method. Rugosity 
measurements are conducted along each transect.  A 15 m chain marked at 1 m intervals with 1.3 
cm links is draped along the length of the transect following the contours of the benthos. An 
index of rugosity is calculated using the ratio of the reef contour distance as measured by chain 
length, to the linear, horizontal distance. example: If the distance along 10 meters is 17.5 m then 
the rugosity index would be 17.5/10 or 1.75. 

Structure for Motion (SfM) 
The 3D analysis and mapping of coral reefs using SfM models is likely to transform marine 
monitoring and is rapidly becoming an accepted and preferred method. Substrate complexity is 
an key metric of reef health and a sound predictor of several ecological processes including 
disturbance, resilience, abundance, and diversity. SfM photogrammetry has been growing rapidly 
in use over the last few years due to advances in computing power, cost reductions of underwater 
digital cameras and the importance of reproducible, archival data. This method allows managers 
and researchers to make detailed 3D reconstructions of reef surfaces for morphometric 

Spatial Complexity Method
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measurements of the reef structure and execute large-scale image-mosaic mapping. SfM is useful 
for both habitat reef-scale and individual colony-scale assessments in fine detail. 
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Methodology for Other Sources 
Quantification of wave variables was generated using significant wave height and mean wave 
direction from Naval Oceanographic WAM models (www.navo.navy.mil).  Hawai‘i forecasts are 
generated from data collected by instruments on buoys surrounding the Hawaiian Islands. Wave 
factors used in data analysis include mean, minimum and maximum annual and seasonal wave 
heights and mean annual wave direction. 

Environmental data on wind speed and direction was acquired from the National Oceanic and 
Atmospheric Administration (NOAA) station 1612340 located in Honolulu, HI, while wave 
height, direction and mean period was acquired from the closest NOAA buoy 51202 located off 
the windward side of Oʻahu at Mokapu Point. Wind and wave parameters are averaged over the 
previous 24 hrs prior to the water clarity measurement. Tidal coefficient is calculated as the 
difference in amplitude between the consecutive high tides and low tides, and acquired from 
tides4fishing.com.  

Visitor counts, activity, and demographics used in statistical analyses included human population 
from box office counts, lifeguard records, photographic monitoring and field observations.  

Sea level rise predictions were obtained from the Coastal Research Collaborative 
(www.soest.hawaii.edu/crc/) All Geographic Information System (GIS) layers were obtained 
from the State of Hawai‘i GIS database (www.state.hi.us/dbedt/gis).   
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Insitu Temperature Monitoring 
Onset® and other scientific equipment companies provide a wide variety of underwater 
automatic temperature loggers. The most commonly used waterproof devices are the Onset® 
HOBO® Pro v2 loggers (U22-001) that measures temperatures between -40°C and 70°C in the 
air and up to 50°C in the water with a ±0.2°C accuracy and the Onset® HOBO® Pendant 
temperature data loggers (UA-001-08) that measure temperatures between -20°C and 70°C with 
a ±0.53°C accuracy. Solar radiation shields are available for air temperature measurements in 
direct sunlight.  

Due to accuracy, we recommend the Pro v2 logger (see table from below for specifications). 
Loggers are calibrated prior to placement by immersion in water baths outside natural ranges (0° 
C to 40° C). A certified thermometer and a digital temperature controller integrated in the water 
bath are used to replicate temperature readings during calibration. The loggers were secured in 6" 
x 12" hand-poured concrete "rocks" that mimic the benthic substrate and protect the loggers from 
solar irradiance (see abstract below from Bahr, Jokiel, Rodgers (2015) and associated heating 
while providing concealment from human disturbance. Temperature gauges are programmed to 
record temperature at hourly intervals and downloaded quarterly in the field using HOBOware 
Pro. 

Online Source: Coral Reef Watch (CRW) 
To provide additional support to insitu temperature loggers and deliver bleaching predictions and 
alerts, the National Oceanographic and Atmospheric Administration (NOAA) Coral Reef Watch 
(CRW) is available online at coralreefwatch.noaa.gov. CRW has been using remote sensing, 
modeled, and in situ data to provide a decision support network to assist resource managers, 
researchers, decision makers, in-water monitoring, and global stakeholders to assess, prepare, 
and respond to coral reef temperature stress. 

This global warning system monitors conditions that lead to coral bleaching, disease, and 
mortality. CRW delivers real-time information and early warnings to wide-ranging user 
community. Forecasts provide outlooks on environmental conditions on reefs worldwide and 
support investigations of historical records. Local and global bleaching alert levels include sea 
surface temperature (SST), light and ocean color, and other variables. 

Temperature Monitoring- In situ Temperature Monitoring
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Example from: National Oceanographic and Atmospheric Administration (NOAA) Coral Reef Watch. Four-
Month Coral Bleaching Outlook of August 25, 2020 for the period September-December 2020 for the Pacific 
Region (Hawaiian Islands outlined with black circle).  

Bleaching Surveys 
In addition to insitu temperature monitoring and online bleaching sources, it is also 
recommended to conduct bleaching surveys prior to bleaching season (August-October) and 
following bleaching season (Feb-April) to determine mortality and recovery.  
To define the extent of bleaching, two 15 m × 5 m transects are surveyed with transect lines 
placed on the reef flat at similar depths. All coral colonies within the transect area (75 m2) are 
counted. To quantify the severity of the bleaching and mortality, coral species, colony size, and 
percent of colony that was live, pale, bleached, and recently dead are recorded. Redundant 
methodologies are used to provide accurate locations for subsequent resurveys using a handheld 
GPS unit, graphic and written documentation of positions using triangulation, and underwater 
photographic imagery of distinct initial and concluding coral colonies on each transect. To avoid 
error from observer variation, one surveyor collects data on all transects during both initial 
bleaching and recovery surveys. 
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Influence of solar irradiance on underwater temperature recorded by
temperature loggers on coral reefs

Keisha D. Bahr,* Paul L. Jokiel, Ku‘ulei S. Rodgers
University of Hawai‘i Hawai‘i Institute of Marine Biology, K�ane‘ohe, Hawaii

Abstract

The use of miniaturized digital temperature logging devices on coral reefs is increasing dramatically due to

the threat of global warming. Shallow coral reef environments are characterized by extremely high solar radi-

ation and highly transparent seawater, raising the possibility of solar heating of devices deployed in these set-

tings. In this study, we compared temperature measurements under a variety of shading treatments to

investigate the potential error associated with high irradiance levels in shallow, clear waters. Results of this

experiment showed that mid-day water temperature readings by unshaded loggers were significantly higher

by 2.28C on average compared with shaded loggers. Loggers shielded with reflective tape showed less error

but still reported significant heating, with water temperatures that were on average 0.158C higher than

shaded loggers. There were no significant differences among shade treatments during nighttime hours, indi-

cating that irradiance is the source of the errors documented here. Care must be taken to shield temperature

loggers from irradiance while providing good circulation of water around the sensors. One option is to place

the loggers in a naturally occurring, cryptic or shaded habitat on the reef. When deployed in open reef areas,

in mesocosms, or in experimental aquaria, loggers can be shielded in protective, opaque plastic tubes that

are open at both ends.

Global warming has resulted in severe coral bleaching

events throughout the world and are causing high coral mor-

tality (Donner et al. 2005). The increasing frequency and

severity of these events has led to the rapid expansion of

monitoring and research on effects of high temperatures on

corals. This work has been greatly facilitated by the availabil-

ity of inexpensive miniaturized digital water-proof devices

that can continually log time and temperature in remote

field applications, experimental aquariums and mesocosms

for long periods of time. Electronic thermistor sensors came

into use on coral reefs over 40 yr ago (Jokiel and Coles

1977), but were not self-contained and required an under-

water wire connection from the thermistor to the data

recording device. The early workers quickly noticed that

solar radiation heats the submerged thermistor beads directly

and can give an erroneously high reading of water tempera-

ture related to intensity of irradiance striking the thermistor.

The problem was solved by inserting the thermistor into an

open ended section of plastic pipe that shielded the bead

from solar irradiance without reducing the free movement of

water to the sensor. The more recently developed waterproof

digital thermographs are self-contained, but potentially vul-

nerable to error caused by solar heating, especially in tropical

areas with high irradiance in the clear shallow waters charac-

teristic of coral reefs.

Several published reports illustrate the application of

these devices on coral reefs. OnsetV
R

HOBOVR TidbitV
R

and

OnsetV
R

HOBOVR Pro v2 units have been used to measure tem-

perature continuously since 1999 in shallow backreef pools

off Ofu Island in Samoa (Craig et al. 2001; Smith and Birke-

land 2007; Oliver and Palumbi 2011). These authors appa-

rently were aware that irradiance striking the loggers could

result in errors and placed them in shaded habitats on the

reef. Gorospe and Karl (2011) published a study that

involved placing 85 unshielded ThermochronVR iButtonVR

temperature loggers over a small coral reef to monitor fine-

scale distribution of coral reef temperatures.

Most of the scientists conducting coral bleaching work in

Hawai‘i are members of the Hawai‘i Coral Bleaching Group.

A questionnaire was sent to these members with the follow-

ing response from 14 of the principle investigators (PIs): The

majority (12 PIs) report using OnsetV
R

HOBOVR brand loggers

with two groups using SeaBirdVR electronics (model 39 and

model 56). Eight of the PIs are using unshielded devices. The

remaining investigators are shielding their loggers in various

ways including: reflective tape, placement inside a structure

(e.g., cement, plastic), and shading by placement within a

cryptic habitat. Therefore, there is no standardized*Correspondence: kbahr@hawaii.edu
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methodology on deployment nor has there been rigorous

testing of accuracy from these different deployments. Quan-

titative data are lacking on the possible impact of solar heat-

ing on temperature measurements made with these devices.

Thus, we undertook measurements comparing unshielded

units vs. shaded units and units wrapped in reflective tape to

evaluate the possible errors associated with high irradiance

levels.

Methods and materials

This research was conducted at University of Hawai‘i’s

Hawai‘i Institute of Marine Biology (HIMB) at Moku o Lo‘e,

K�ane‘ohe Bay, Hawai‘i (21.48N, 157.88W) in a continuous-

flow mesocosm facility that mimics the physical, chemical,

and biological conditions and natural diurnal fluctuations in

seawater chemistry that occur on the inshore reef of Moku o

Lo‘e (Jokiel et al. 2014). Two of the most commonly used

waterproof devices were evaluated (Fig. 1). The OnsetV
R

HOBOVR Pro v2 logger (U22-001) measures temperatures

between 2408C and 708C in the air and up to 508C in the

water with a reported60.28C accuracy. OnsetV
R

HOBOVR Pend-

ant temperature data loggers (UA-001-08) are reported by the

manufacturer to measure temperatures between 2208C and

708C with a60.538C accuracy. Solar radiation shields are

available from the manufacturer for air temperature measure-

ments in direct sunlight; however, shields are not presently

available for underwater applications.

Nine OnsetV
R

HOBOVR Pendant loggers and six OnsetV
R

HOBOVR Pro v2 loggers were used in this evaluation and were

first calibrated in 08C and 358C water baths. Onset HOBOVR

Pendant loggers were evaluated under three shielding treat-

ments (n53 loggers per treatment). The first treatment con-

sisted of loggers shaded with reflective metallic aluminum

foil tape (reflector treatment) (Nashua Tape Products, Water-

proofing Repair Tape). The second treatment consisted of

loggers shaded by an opaque plastic pipe that was open at

both ends to allow water circulation (shaded treatment), and

the third treatment consisted of loggers placed in direct sun-

light (unshaded treatment). Treatments for the OnsetV
R

HOBOVR Pro v2 (n53 loggers per treatment) included

shielded with an open pipe (shaded treatment) and in direct

sunlight (unshaded treatment). The OnsetV
R

temperature log-

gers were programed to record time and temperature every

minute. Irradiance above the mesocosm facility was continu-

ously measured using a cosine corrected quantum sensor (Li-

Cor, Lincoln, Nebraska, U.S.A.) (Fig. 2). Temperature loggers

were randomly placed in a well-flushed 500 L flow-through

experimental mesocosm located in full natural sunlight to

avoid variation in temperature and irradiance due to tidal

changes. Loggers were deployed for 72-h at a depth of 35 cm

in a well mixed mesocosm. Flow rate through the mesocosm

was maintained at a rate of 8 L min21 resulting in a seawater

turnover rate of 45 min.

Mean temperature for each logger within each treatment

was calculated for mid-day (11:00–14:00) and night (23:00–

02:00) within a 24 hr period. An one-way analysis of var-

iance (ANOVA) was used to detect significance of differences

in mean temperature values between the treatment variables.

Where significant differences did occur (p<0.05), post hoc

Fig. 1. Photograph of the HOBOVR PendantV
R

(a) and the HOBOVR Pro v2

(b) evaluated in this study. VCOnset Computer Corporation.

Fig. 2. Mean hourly water temperatures (8C) measured by unshaded
(red solid line), shaded (black solid line) and reflector (blue solid line)

OnsetV
R

HOBOVR PendantV
R

loggers and OnsetV
R

HOBOVR Pro v2 loggers
unshaded (red dashed line) and shaded (black dashed line) over a 24-h

experimental period. Mean hourly irradiance levels (lmol photons m22

s21) are indicated by solid gray shading.
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multiple comparison tests of means were followed using

Tukey’s honestly significant difference (HSD) test for the

OnsetV
R

HOBOVR Pendant loggers and a Student’s t-test was

used for OnsetV
R

HOBOVR Pro v2 loggers (Sokal and Rohlf

1981; Zar 1996). A linear regression analysis was used to test

the relationship between hourly irradiance and hourly tem-

perature differences between treatments and the shaded

loggers.

Results

HOBOVR PendantV
R

(UA-001-08)

Reported average mid-day (11:00–14:00) temperatures var-

ied among logger treatments (one-way ANOVA

F(2,8)51324.1, p<0.0001). The highest mid-day average tem-

perature readings were recorded in the unshaded loggers

(34.0960.038C) (mean6 SE). Tukey post hoc comparisons

revealed significant differences in mean mid-day temperature

among all logger treatments. Unshaded loggers were 2.28C

higher than shaded loggers (31.9060.01) (p<0.0001) and

28C higher than reflector-protected loggers (32.0560.018C)

(p<0.0001) (Fig. 2). Reflector treatment loggers recorded

mean mid-day temperatures that were 0.158C higher than

shaded treatment loggers (p50.041) (Table 1). The maxi-

mum temperature of 35.658C for the unshaded device was

3.28C higher than the actual water temperature (32.508C)

measured by the shaded device (Table 1). No statistical dif-

ference was found among treatment levels during night tem-

peratures (23:00–02:00) (one-way ANOVA F(2,8)50.264,

p50.776). Differences in mean hourly temperature readings

between treatment loggers and the reference shaded loggers

significantly increased with increasing irradiance (unshaded:

R250.82, p<0.0001; reflector: R250.72, p<0.0001). These

differences were as high as 38C for unshaded loggers and as

high as 0.48 in reflector loggers (Fig. 3).

HOBOVR Pro v2 (U22-001)

Mean mid-day temperature (11:00–14:00) values for the

OnsetV
R

Pro v2 unshaded temperature loggers were statisti-

cally higher (32.4560.028C) than shaded temperature log-

gers (31.7060.018C) (one-way ANOVA F(1,5)529.898,

p50.0054) (Fig. 2). Mean night temperatures (23:00–02:00)

did not statistically differ among logger treatments (one-way

ANOVA F(1,5)50.5205, p50.5106). The maximum tempera-

ture of 33.848C recorded for the unshaded logger was 1.58C

higher than the shaded logger (Table 1). Differences in mean

hourly temperatures between unshaded and shaded Pro v2

loggers significantly increased with increasing irradiance

(R250.86, p<0.0001) (Fig. 3). The highest differences (18C)

were observed at the highest irradiance regimes.

Discussion

The data provided here demonstrate that irradiance in

shallow, tropical waters can result in erroneously high

underwater temperature measurements when using

unshaded temperature loggers. The assumption that water

provides an adequate irradiance heat shield for digital

temperature-logging devices is flawed. Tropical environments

are characterized by extremely high solar radiation and

highly transparent seawater. Temperature data loggers can

absorb solar radiation and can be subject to extreme solar

heating. In these situations, the loggers will give anoma-

lously high temperature readings. Results of this experiment

show that mid-day water temperature readings under high

irradiance for an unshielded device in shallow water can be

Fig. 3. Mean hourly temperature differences between treatment and
reference shaded loggers as a function of mean hourly irradiance over

the 3-d period. OnsetV
R

HOBOVR PendantV
R

treatments included unshaded
(solid circle) and reflector (open circle). OnsetV

R

HOBOVR Pro v2 treatment
was unshaded (blue squares).

Table 1. Water temperature characteristics recorded by OnsetV
R

HOBOVR temperature Pendant and Pro v2 loggers by shading treat-
ments (n53) at mid-day (11:00–14:00) and night (23:00–02:00) over a 24-h period.

Onset HOBO

temperature logger Treatment (n53)

Mid-day (11:00–14:00) Night (23:00–02:00)

Min Max Mean6 SE Min Max Mean6SE

Pendant UA-001-08 Unshaded 32.29 35.65 34.0960.03 28.06 29.75 28.6560.02

Shaded 31.47 32.50 31.9060.01 28.16 29.75 28.6460.02

Reflector 31.47 32.70 32.0560.01 28.06 29.75 28.6460.02

Pro v2 U22-001 Unshaded 31.51 33.84 32.4560.02 27.88 29.60 28.4260.02

Shaded 31.18 32.30 31.7060.01 27.85 29.60 28.4560.01
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more than 38C higher than for a shaded device. This is an

extremely large error given coral sensitivity to small temper-

ature differences. For example, the prolonged maximum

upper lethal temperature of reef corals is only 1–28C above

summer maximum (Coles et al. 1976). The error due to solar

heating is much greater than the accuracies reported by the

manufacturer. This error is easily avoidable by simply adopt-

ing a deployment strategy that provides shading of the

sensor.

Irradiance distribution on coral reefs is very heterogene-

ous at the microhabitat level. Brakel (1979) showed that sub-

strate type, slope, and exposure had a marked influence on

irradiance patterns at any particular reef locality, with small

horizontal spatial differences between microhabitats some-

times equivalent to large differences in depth. Radiation that

penetrates seawater has previously been shown to increase

the temperature of the surfaces that it strikes. Jimenez et al.

(2011) employed temperature microsensor measurements at

the surface of illuminated stony corals which revealed

millimeter-scale increases in tissue surface heating. The tem-

perature increase was generally on the order of several tenths

to one 8C depending on factors such as water flow, irradi-

ance intensity and surface roughness of the coral.

Unshielded temperature loggers will consistently give higher

temperature readings in microhabitats experiencing higher

irradiance. Thus unshielded temperature loggers might show

spatial variation in temperature that is due to spatial varia-

tion in irradiance. Gorospe and Karl (2011) used unshielded

ThermochronVR iButtonVR temperature and time data loggers

situated 4 m apart in a grid pattern to monitor temperature

among corals at 85 sites on a single patch reef and found

consistent spatial differences over small horizontal distances.

In hindsight, data provided on the importance of shield-

ing these instruments when measuring air temperature

should have prompted more concern about shielding them

in marine and aquatic environments. Solar radiation shields

have been developed for outdoor air temperature sensors

that are mounted in direct sunlight. OnsetV
R

, the company

that manufactures the devices used in this study, offers the

RS3 solar radiation shield for measurements of air tempera-

ture that works with most of their external air temperature

measuring instruments including the HOBOVR Pendant data

loggers. Air temperature recording by ThermochronVR

iButtonsV
R

used in the study by Gorospe and Karl (2011) can

be influenced by irradiance. Hubbart et al. (2005) previously

evaluated the ThermochronVR iButton for air temperature

measurement and showed that shielding the device from

solar radiation is extremely important. In greenhouse experi-

ments of air temperature, the unshielded iButtonVR showed a

mean temperature of 23.48C compared with 18.38C for the

shielded and ventilated device. At mid-day the unshielded

device reported a 51.58C while the shielded ventilated device

measured 35.08C. Likewise, field investigations of air temper-

ature using the OnsetV
R

Computer Corporation HOBOVR H8

Pro demonstrated the importance of shielding temperature

loggers from solar radiation (Whiteman et al. 2000).

Unshielded loggers can produce air temperature readings

that are several 8C higher than actual air temperature when

wind speeds are low. These errors will be of lower magnitude

in seawater due to its high specific heat, but our results dem-

onstrate that it is still important to shade loggers deployed

in shallow tropical waters.

Comments and recommendations

Properly calibrated loggers (both shielded and unshielded)

at the same location will give an accurate temperature read-

ing at night when solar irradiance is absent (Fig. 2). How-

ever, during daylight the unshielded logger will give an

erroneous higher reading that is proportional to the level of

irradiance throughout the daylight hours (Fig. 3). We recom-

mend that care be taken to shield temperature loggers from

irradiance while providing good circulation of water around

the sensor. One option is to place the loggers in a naturally

occurring cryptic shaded habitat on the reef (Craig et al.

2001; Smith and Birkeland 2007; Oliver and Palumbi 2011).

In open reef areas, mesocosms and aquaria the logger can be

inserted in a protective opaque plastic tube that is open at

both ends.

In this study, the reflective tape used as shielding was

new and clean during the duration of the measurements.

However, in field applications the surface will quickly

become fouled with fleshy algae, crustose calcareous algae

and various invertebrates that will vary with the environ-

ment. These organisms will reduce reflectance of the tape

and will further insulate the device from the seawater with

an unknown impact on the accuracy of the temperature

measurements. Thus, we recommend shading with an open-

ended section of pipe that allows water ventilation or by

placing the device in small shaded caverns or under over-

hangs on the reef. Placing loggers in plastic tube shields will

reduce solar heating errors and allow circulation of water

around the sensors to be comparable among sites.

Results of this study demonstrate the importance of

appropriate deployment methods for monitoring and record-

ing water temperatures in shallow reef environments.

Detailed description of shielding, placement and treatment

of temperature loggers should be included in the methods

section of research reports. The possibility of errors associ-

ated with solar heating should be considered when planning

new studies as well as in the use of data from past studies.
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Turbidity and water clarity 
Turbidity is caused by particles in water. It can be measured relative to water clarity, directly 
with a turbidimeter or turbidity sensor, estimating using benthic sediment traps, collecting water 
samples, or using visual methods. Clarity methods involve a secchi disc that are rapid and 
inexpensive but are dependent on the observer’s vision. Turbidity meters use optical scatter-
detection for rapid, accurate measurements on water samples. Turbidity sensors are placed 
directly in the water to measure turbidity and can provide continuous measurements. Total 
suspended solids (TSS) are the main cause of turbidity. The most common, and accurate, method 
of measuring suspended solids is by weight. To measure TSS, a water sample is filtered, dried, 
and weighed. This method is the most accurate technique for measuring total suspended solids, 
however it is also more difficult and time-consuming. A recent development by the U. S. 
Geological Survey is a technique for calculating suspended sediment from acoustic Doppler 
meter backscatter. While this method is not as accurate as weighing, it provides the opportunity 
for continuous suspended sediment measurements, just as turbidity sensors allow for continuous 
turbidity measurements.  

It is important to remember that most turbidity data are not inter-comparable. Searching 
historical data to replicate prior turbidity methodology at a site will allow for seamless 
comparability. We recommend the use of the Secchi disk method due to comparability with prior 
data at Hanauma Bay (Severino et al. 2021). To measure horizonal secchi disk water clarity in 
shallow waters, surveyor one holds the secchi disk while surveyor two swims away with the 
connected transect tape until the white secchi disk (round, white plexiglass 40 cm diameter) is no 
longer visible. Surveyor two records the distance at which they lose sight of the disk. The 
surveyor swims away from the disk and waits for 30 seconds before swimming toward the disk 
and stopping to record the distance at which the secchi disk is again visible. To quantify the 
relationship between visual secchi distance and to further explain environmental influence on 
visual water clarity, counts of swimmers and waders, tidal coefficient, wind speed and direction, 
wave height, wave direction, and mean wave period are included into a multivariate analysis.  

Sediment Traps 
The rate of sediment accumulation is an important indicator of coral stress within an 
environment (Neil, 1990). Sediment traps measuring the quantity of fine particulates and sand 
deposited onto the reef flat were used as a proxy for sediment deposition. Sedimentation is 
standardized to accumulation per day to account for traps that have not been out the full duration. 
Each permanent transect contained two sediment traps, one at the beginning and one at the end 
of the 15 yd transects for a total of 16 traps. Sediment traps are 12 inches in height (ABS PVC 
with PVC plastic cap on bottom) with a 2-inch diameter mouth. A crosshatched piece of plastic 
was placed 2 inches below the mouth of the pipe to act as a ‘baffle’ and reduce wave action 
sediment resuspension outside the trap. Sediment trap design was based on those used in Bothner 
et al. (2006) and Storlazzi et al. (2011). Traps were affixed to natural holes in the reef using 
cable ties and are placed flush with the surface of the substrate. Prior to deployment, traps are 
kept out of the water and upon collection, capped (PVC cap) to avoid spilling sediment or water. 
Sediments are filtered (Whatman 1114-185 Filter Circles, wet strengthened grade 114) and 
rinsed with 200 ml of freshwater to remove salt deposits, then left to air dry for two weeks post-
collection. An average of three weights accounted for changes in humidity (Severino et al. 2021).  
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Currents 
Within Hanauma Bay, the overall circulation pattern brings water shoreward and westerly from 
Backdoors towards the southwest into Witches Brew (Rodgers et al., 2017). During all tide 
phases (incoming, outgoing, and mixed) and during both tradewind and south wind conditions 
this same pattern endures. As seawater enters the Bay it slows in velocity from 1 yd/sec down to 
0.01 yd/sec at the shoreline. Water parcels slow, allowing more heat to accumulate in the shallow 
shoreline and within a permanent eddy located in Witches Brew. The eddy trapping water 
parcels coupled with very little influx of open ocean water to Witches Brew are responsible for 
the slightly higher mean temperatures and increased frequency of temperature spikes observed 
during thermal stress events.  
Methodology 
Drogues 
Current patterns characterized by Whittle (2003) primarily covered the region seaward of the reef 
boundary. To determine the nearshore current patterns on the nearshore reef, drogues were 
released and tracked in the water by surveyors. Twenty 2.5” diameter hollow plastic balls were 
deployed and followed in each of the four sectors (n = 80). Drogues were identified by color and 
numbers written on 411× 411 underwater paper attached with a cable tie through small holes in 
the plastic. These holes also allowed the drogues to fill with water and remain positioned just 
below the water surface where wind effects are negligible. The position of each drogue was 
determined by GPS (Garmin eTrex 10) at initial deployment and at each subsequent sighting for 
eight consecutive hours spanning both low (−0.05 ft) and high (1.15 ft) tides. Drogues were 
deployed shoreward (n = 40) and seaward (n = 40) of the reef boundary. Researchers swam 
parallel to shore in a creeping line pattern from one end of the designated sector to the next 
dropping each drogue approximately 10 m apart horizontally with 5 m between each deployment 
line. After eight hours, drogues were retrieved and final location recorded. Drogues reaching 
shore prior to the end of the final retrieval were randomly redeployed in their original sector. To 
determine the original sector when drogues moved to another sector, each sector had different 
colored drogues. Some of the drogues deployed at BackDoor were carried outside the bay and 
were not followed by swimmers. Additionally, nearshore areas in the Channel sector were not 
fully covered. Thus, a second deployment was conducted during an incoming tide beginning at 
low tide (−0.23 ft). In the smaller BackDoor sector, drogues were released approximately 5 m 
apart along the eastern boundary. These were deployed over the reef in a perpendicular path to 
shore from the channel marker buoys. In the larger Channel sector, drogues were released 
approximately 10 m apart following a path parallel to shore. All drogues were deployed 
shoreward of the reef boundary and retrieved after three hours with final locations recorded. 

Dye Tracers 
Dye tracers can also be used to determine the dispersal characteristics of currents. Dyes can 
measure the flow and its speed, or a flow meter can be used. Dyes can be tracked for up to 
twelve hours depending on the water clarity and dispersive properties. Fluorescent dyes, 
particularly those which are non-toxic, can be added to water systems to determine water 
discharge characteristics. Sensitive fluorometers allow detailed, accurate dye concentration 
measurements. A common fluorescent dye used in the ocean is Fluorescein but other custom 
dyes can also be beneficial to a environmental studies.

Current Methodology- Currents Method
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Circulation direction and velocity patterns within Hanauma Bay determined using drogues. Adapted from 
Rodgers et al. (2017). Red dots indicate survey sites. 
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ABSTRACT
Drastic increases in global carbon emissions in the past century have led to elevated
sea surface temperatures that negatively affect coral reef organisms. Worldwide coral
bleaching-relatedmortality is increasing anddata has shown even isolated andprotected
reefs are vulnerable to the effects of global climate change. In 2014 and 2015, coral
reefs in the main Hawaiian Islands (MHI) suffered up to 90% bleaching, with higher
than 50% subsequent mortality in some areas. The location and severity of bleaching
and mortality was strongly influenced by the spatial and temporal patterns of elevated
seawater temperatures. Themain objective of this researchwas to understand the spatial
extent of bleachingmortality inHanaumaBayNature Preserve (HBNP),O‘ahu,Hawai‘i
to gain a baseline understanding of the physical processes that influence localized
bleaching dynamics. Surveys at HBNP in October 2015 and January 2016 revealed
extensive bleaching (47%) and high levels of coral mortality (9.8%). Bleaching was
highly variable among the four HBNP sectors and ranged from a low of ∼31% in the
central bay at Channel (CH) to a high of 57% in the area most frequented by visitors
(Keyhole; KH). The highest levels of bleaching occurred in two sectors with different
circulation patterns: KH experienced comparatively low circulation velocity and a
low temperature increase while Witches Brew (WB) and Backdoors (BD) experienced
higher circulation velocity and higher temperature increase. Cumulative mortality was
highest atWB (5.0%) and at BD (2.9%) althoughWB circulation velocity is significantly
higher. HBNP is minimally impacted by local factors that can lead to decline such as
high fishing pressure or sedimentation although human use is high. Despite the lack of
these influences, high coral mortality occurred. Visitor impacts are strikingly different
in the two sectors that experienced the highest mortality evidenced by the differences
in coral cover associated with visitor use however, coral mortality was similar. These
results suggest that elevated temperature was more influential in coral bleaching and
the associated mortality than high circulation or visitor use.

Subjects Conservation Biology, Ecology, Environmental Sciences, Marine Biology
Keywords Coral bleaching, Global climate change, Marine protected area, Elevated seawater
temperature, Marine life conservation district, Currents, Hanauma Bay
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INTRODUCTION
Global sea surface temperatures (SSTs) have increased an average 0.9 ◦C in the past century
due to an increase in anthropogenic atmospheric gases resulting mainly from fossil fuel
burning (Sabine et al., 2004). The greatest increases of 0.06–0.11 ◦Cdecade−1 have occurred
since 1970 (EPA, 2016) and have resulted in mass coral bleaching events worldwide.
Scientific documentation of these events began nearly a decade later (Jaap, 1979). Since
then, large-scale bleaching has occurred worldwide with increasing frequency and severity,
and is projected to continue (Hoeke et al., 2011; Mora et al., 2014; Bahr, Jokiel & Rodgers,
2015). Nearly half of the corals in the western Indian Ocean were lost following widespread
bleaching in 1998. By 2005, SSTs in the Caribbean had surpassed any previously reported
temperatures and caused unprecedented coral mortality (Eakin, Lough & Heron, 2009).
The year 2014 marked the beginning of the longest global bleaching event on record, which
currently continues and has affected more reefs than any previous worldwide bleaching
event (Eakin et al., 2014). Australia’s Great Barrier Reef (GBR) recently experienced
catastrophic bleaching andmortality with over 90% of its 2,300 km reef tract affected (ARC,
2016). The pristine reefs of the northern GBR were thought to be resistant to bleaching due
to their remote location and low fishing and tourism pressure, however, over 99% of these
reefs were observed bleached along a 1,000 km stretch (Normile, 2016). On Kiritimati atoll,
over 80% mortality occurred during a record 15 months with SSTs above local bleaching
thresholds. By November 2016, up to 90% of corals were dead (Baum Lab, 2016). This
devastating loss of coral occurred on the relatively undisturbed reefs in the southeastern
part of the atoll as well as in the degraded northwest (Sandin et al., 2008; Watson, Claar
& Baum, 2016). The full extent of worldwide coral mortality has not yet been quantified,
however, NOAA climate models predict another year of warming for the GBR, Kiritimati,
and other Pacific Islands, particularly in the southern hemisphere (NOAA Coral Reef
Watch, 2017). The negative influence of prolonged elevated seawater temperature on coral
reefs is not selective and appears to affect protected, pristine, and degraded reefs, equally.

Coral reefs of the Hawaiian Islands have not been exempt, experiencing extensive
bleaching in recent years. Significant heating in the offshore waters statewide (+1.15◦ over
the past 58 years) has led to an increase in frequency of coral bleaching events (Jokiel &
Brown, 2004; Bahr, Jokiel & Rodgers, 2015). The bleaching events that affected the Hawaiian
Islands in 1996, 2002, and 2004 were relatively short in duration and thus coral recovery
was high (Jokiel & Brown, 2004). Conversely, Hawaiian reefs experienced unsurpassed
bleaching on a statewide scale during the multi-year bleaching events in 2014 and 2015
(Bahr, Jokiel & Rodgers, 2015).

The Hanauma Bay Nature Preserve (HBNP), a 40 ha fully protected Marine Life
Conservation District (MLCD) established in 1967, is the most popular snorkeling location
in the Hawaiian Islands with close to one million visitors annually (Fig. 1). The Coral
Reef Assessment and Monitoring Program (CRAMP) began surveys here in 2000 and has
shown a significant decline in shallow water coral cover with the majority of the decrease
occurring after 2002 (Brown et al., 2004; Rodgers et al., 2015). The recent and predicted
bleaching (Jokiel & Brown, 2004; Hoeke et al., 2011; Eakin et al., 2014) poses an imminent
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Figure 1 Coral condition onmap of Hanauma Bay Nature Preserve. Coral condition in the Hanauma
Bay Nature Preserve, O‘ahu, Hawai‘i in October 2015 (A) and January 2016. (B) Proportion of surveyed
corals are shown as normal (red), bleached (white), pale (yellow), and dead (black). Surveys were con-
ducted and temperature loggers deployed at each of the two stations within the four sectors. Photo credit:
Quickbird Digital Globe.

threat to the biological sustainability of the HBNP ecosystem and a significant economic
threat to the state of Hawai‘i. Tourism expenditures provided over 15 billion USD to the
state’s economy in 2015 (DBEDT, 2016). Of the over eight million annual visitors to the
state of Hawai‘i, it is estimated that 80% participate in ocean recreational activities and
over 1,000 ocean recreation companies exist to accommodate them (Clark, 2016).

The HBNP is located adjacent to the strong open-ocean, westward current referred to as
the Moloka‘i Express. The outer section of this 40 ha (100 ac) bay can at times experience
strong surges, ocean currents, and high wave energy while the protected 8 ha (20 ac)
inner reef, located shoreward of the reef crest is relatively calm (Brock & Kam, 2000). The
overall circulation pattern within Hanauma Bay moves shoreward and westerly from the
northeast Toilet Bowl side of the bay towards the southwest Witches Brew side (Fig. 2).
This pattern prevails during all tide phases (incoming, outgoing, and mixed) and during
both tradewind and calmer south wind conditions. The mean velocity is 3.1 cm sec−1

with a range of 0.8–6.5 cm sec−1 with higher average velocities near the outer mouth of
the bay and decreasing in shallower inner waters (Whittle, 2003). Under typical tradewind
conditions water continuously enters the inner reef across the reef and boulder boundary.
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Figure 2 Map of current flow at Hanauma Bay Nature Preserve.Generalized map of current flow in
Hanauma Bay Nature Preserve, O‘ahu, Hawai‘i. Red dots indicate surveyed sites. Photo credit: Quickbird
Digital Globe.

Travelling parallel to shore it exits at high velocities (up to 50 cm sec−1) near the ledges
on the extreme opposite sides of the bay (Fig. 2) and through the mid-bay channel during
outgoing tide at lower speeds.

In 2014, the State of Hawai‘i Division of Aquatic Resources (DAR) coral bleaching
assessments determined 47% of corals exhibited signs of bleaching in the HBNP; however,
mortality was not subsequently quantified (Neilson, 2014). The main objective of this
study was to quantify bleaching prevalence and subsequent mortality within the four
major sectors of the HBNP and define how they relate to temperature and currents. These
scientific data form a benchmark for the local environmental patterns that can be used
to predict the extent and distribution of future bleaching events and aid management
preparation strategies.

METHODS & MATERIALS
Coral surveys
In 2015, surveys were conducted to characterize coral bleaching extent and severity in the
four major inshore sectors of the Hanauma Bay Nature Preserve (HBNP) (21.2690◦N,
157.6938◦W). These areas are locally known as Backdoors (BD), Keyhole (KH), Channel
(CH), and Witches Brew (WB) (Fig. 1). To define the extent of bleaching, two 15 m× 5 m
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transects were surveyed in each sector. Transect lines were placed on the reef flat at depths
<1 m and all coral colonies within the transect area (75 m2) were counted. To quantify the
severity of the bleaching and mortality, we recorded coral species, colony size, and percent
of colony that was live, pale, bleached, and recently dead. Redundant methodologies were
used to provide accurate locations for subsequent resurveys using a 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. To avoid error from observer variation, one surveyor collected data in all sectors
during both initial bleaching and recovery surveys.

Temperature
From June 2015 to January 2016, seawater temperature at all four sectors within the HBNP
was recorded at fifteen-minute intervals using replicate HOBO Water Temperature Pro
v2 Data Loggers (Onset, Wareham, MA, USA). The loggers were secured in 6′′× 12′′

hand-poured concrete ‘‘rocks’’ that mimic the benthic substrate and protect the loggers
from solar irradiance and associated heating (Bahr, Jokiel & Rodgers, 2016) while providing
concealment from human disturbance. The loggers at BD, KH, and CH were placed at 1 m
depth, whereas at WB, a somewhat deeper site, the loggers were placed at 3 m to determine
temperatures at a long-term monitoring station. To adjust for depth and to determine
whether there were finer scale variations, an additional short-term deployment of 32 loggers
were deployed at all transect locations on 19 April 2016 from 08:00 (low tide) to 15:00
(high tide). These data were used to calculate mean mid-day differences among transects.

Currents
Current patterns characterized by Whittle (2003) primarily covered the region seaward of
the reef boundary. To determine the nearshore current patterns, drogues were released
and tracked in the water by surveyors. Twenty 2.5′′ soft plastic balls were deployed and
followed in each of the four sectors (n= 80). Drogues were identified by color and numbers
written on 4′′× 4′′ underwater paper attached with a cable tie through small holes in the
plastic. These holes also allowed the drogues to fill with water and remain positioned just
below the water surface where wind effects are negligible. The position of each drogue
was determined by GPS (Garmin eTrex 10) at initial deployment and at each subsequent
sighting for eight consecutive hours spanning both low (−0.05 ft) and high (1.15 ft) tides.
Drogues were deployed shoreward (n= 40) and seaward (n= 40) of the reef boundary.
Researchers swam parallel to shore in a creeping line pattern from one end of the designated
sector to the next dropping each drogue approximately 10 m apart horizontally with 5 m
between each deployment line. After eight hours, drogues were retrieved and final location
recorded. Drogues reaching shore prior to the end of the final retrieval were randomly
redeployed in their original sector. To determine the original sector when drogues moved
to another sector, each sector had different colored drogues.

Most of the drogues deployed at BD were carried outside the bay and were not followed
by swimmers thus current patterns for this sector remained unclear. Additionally, nearshore
areas in the CH sector were not fully covered. Thus, a second deployment was conducted
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Table 1 Coral condition by sector in October 2015 and January 2016. Coral condition in October 2015
and January 2016 in the Hanauma Bay Nature Preserve, O‘ahu, Hawai‘i (mean± SE). Mean coral condi-
tion in 75 m2 surveyed area.

Sector Live Bleach Pale Dead

October 2015
BD 37± 6.3 38± 6.2 22± 4.1 2.9± 1.7
CH 47± 6.4 31± 5.3 22± 4.6 0.3± 0.3
KH 23± 6.1 57± 7.1 20± 4 0.8± 0.6
WB 30± 5.2 53± 5.6 13± 2.9 3.9± 2

January 2016
BD 94± 3 0.5± 0.4 0.7± 0.7 0
CH 77± 4.8 0 0.2± 0.2 0.5± 0.5
KH 85± 4.6 0 0 0.3± 0.3
WB 85± 3.6 8± 3.1 2.5± 1.7 1.1± 0.5

during an incoming tide beginning at low tide (−0.23 ft). In the smaller BD sector, five
drogues were released approximately 5 m apart along the eastern boundary. These were
deployed over the reef in a perpendicular path to shore from the channel marker buoys. In
the larger CH sector, five drogues were released approximately 10 m apart following a path
parallel to shore. All drogues were deployed shoreward of the reef boundary and retrieved
after three hours with final locations recorded.

Statistical analyses
Bleaching prevalence was analyzed using a General Linear Model (GLM) with sector as a
fixed factor and transect nested within sector. Temperature was treated with a repeated
measures mixed model by location with transect nested within location. Assumptions of
normal distribution, homoscedasticity, and multivariate normality were assessed through
graphical analyses of the residuals. All statistical analyses and descriptive statistics were
conducted using JMP Pro 12. Calculations of location, distance, and time were determined
in ArcGIS 10 and Excel 2010 to characterize current patterns (Fig. 2).

RESULTS
Bleaching prevalence
In October 2015, 45%± 3.2% (mean± SE) of corals in the Hanauma Bay Nature Preserve
(HBNP) showed signs of bleaching (Table 1). The highest bleaching prevalence was
observed in Pavona varians and Pocillopora meandrina (Fig. 3). Bleaching prevalence was
significantly different among sectors (GLM; F(7,143) = 3.4239 p= 0.0020) with highest
levels at Keyhole (KH; 56.6 ± 7.1%) and Witches Brew (WB; 52.7 ± 5.6%) compared to
Backdoors (BD; 38.4 ± 6.2%) and Channel (CH; 30.9 ± 5.3%) (Fig. 1). A further 13–22%
of corals were paling in all sectors. Coral colony size was not a factor in bleaching prevalence
(R2
= 0.0246;p= 0.0611)whereas number of colonieswas.While colony size in all locations

was similar (Oneway ANOVA F(3,290) = 0.7229, p= 0.5391), number of colonies at
WB was higher (28 ± 2.9) (Oneway ANOVA; F(3,12)= 7.4677 p<0.0044) compared to the
average number of colonies at BD (15.25 ± 2.65), CH (19 ± 1.8), and KH (11 ± 0.8).
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Figure 3 Bleaching prevalence by coral species.Mean bleaching prevalence by coral species in October
2015 in Hanauma Bay Nature Preserve, O‘ahu, Hawai‘i. Error bars represent standard error.

Coral mortality
In October 2015, the highest average levels of coral mortality occurred at WB (3.9 ± 2%)
and BD (2.9 ± 1.7%). Lower mortality rates were observed at KH (0.8 ± 0.6%) and CH
(0.3 ± 0.3%). In January 2016, average coral mortality rates by sector were near or below
1% (WB = 1.1 ± 0.5%; BD = 0%; KH = 0.3 ± 0.3%; and CH = 0.5 ± 0.5%), although
recovery was slowest in WB. Highest mortality rates were observed in Porites lobata and
Pocillopora meandrina (Fig. 4). Total coral mortality inside the HBNP due to elevated
SSTs was calculated with a cumulative value of 9.8% (October = 7.9%; January = 1.9%).
Cumulative mortality rates also varied by sector (sum of Oct and January surveys: WB
= 5.0%; BD = 2.9%; KH = 1.1%; and CH = 0.8%). No overlap in recently dead corals
occurred between October and January determined by rapid algal turf growth over the
coral skeleton.

Environmental drivers
The patterns of coral bleaching prevalence and mortality in the four sectors in HBNP are
linked to localized heating, due to circulation patterns. Incoming currents show a great
reduction in flow velocity as oceanic water (1 m s−1) flows over the reef boundary into
the shallow, sandy areas (0.5 m s−1). Here, residence time and temperatures increase and
the warmer water follows a westerly direction (0.1 m s−1) along shore to the far end (WB)
where it turns seaward and flows either to a small gyre or over the reef boundary and out
of the bay (Fig. 2). Because water exits the bay at WB, water flow into the sector comes
strictly from slow, alongshore currents. A similar small gyre is located at the far eastern
end (BD), whereas at the adjacent KH, water flows slowly to shore at 0.01 m s−1 (Fig. 2).
Inshore currents were faster in CH (0.075 ± 0.011 m s−1) and WB (0.055 ± 0.011 m s−1)
compared to KH (0.008± 0.011 m s−1) and BD (0.019± 0.011 m s−1) (OneWay ANOVA;
F(3,7)= 7.717;p= 0.0386). Notably, the relatively high current velocities at CH and WB
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Figure 4 Graph of coral condition in October 2015. Coral condition in October 2015 in Hanauma Bay
Nature Preserve, O‘ahu, Hawai‘i across all sectors. Mean proportion of surveyed corals are indicated by
color (Live, brown; pale, yellow; bleach, white; and black, dead).

are substantially different in character. At CH cooler water flows into the shallows from
outside the reef boundary, whereas at WB, slow-moving, warm water from as far as KH
sector increases in velocity only as it is exiting the shallows.

Analysis of temperature gradients in HBNP revealed temperatures were significantly
different throughout the bay (Mixed Model; R2

= 0.30; F(3,4)= 454.97; p< 0.0001). WB
experienced significantly higher meanmid-day temperatures (26.46± 0.014 ◦C) compared
to BD (26.05± 0.014 ◦C), CH (26.01± 0.014 ◦C), andKH (25.99± 0.014 ◦C). Additionally,
temperatures are variable within locations (Mixed Model; R2

= 0.43;F(1,2) = 23.27;
p< 0.0001). Overall, the largest differences within site occurred at WB (±0.58 ◦C) and BD
(±0.26 ◦C), while KH (±0.10 ◦C) and CH (±0.08 ◦C) were more similar. The effects of
the localized heating revealed higher bleaching prevalence in KH (56.6 ± 7.1%) and WB
(52.7 ± 5.6%) compared to BD (38.4 ± 6.2%) and CH (30.9 ± 5.3%) (Fig. 1).

DISCUSSION
Bleaching and recovery rates and species tolerance in 2015 were highly variable across
islands of the Hawaiian archipelago. In 2015, the warm water approached the islands from
the south and this resulted in a maximum 18 DHW for Hawai‘i Island and 10 DHWs for
eastern shores of O‘ahu (NOAA Coral Reef Watch, 2016). Extensive surveys in 2015 found
between 30 and 86% bleaching on Hawai‘i Island with reported mortality at nearly 50% on
the island’s west coast (Kramer et al., 2016). Results of the current study revealed nearly
half (47%) the corals surveyed at HBNP were found to exhibit signs of severe bleaching and
associatedmortality was∼9.8%. It appears localized heating and circulation patterns inside
HBNP are driving differences in bleaching-associated mortality. Variation in spatial and
temporal temperature patterns account for the differences in bleaching between islands.
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Accompanying rates of coral mortality may slow predicted recovery rates of Hawaiian
corals and shape future reefs (Jokiel & Brown, 2004; Bahr, Jokiel & Rodgers, 2015).

The Hanauma Bay Nature Preserve (HBNP) has shown decline in coral cover in shallow
waters since 2002 (Brown et al., 2004; Rodgers et al., 2015) however, global climate change
may drive this management-protected reef into more rapid decline. Increasing length,
severity, and frequency of coral bleaching events pose an imminent threat to the biological
sustainability of the HBNP ecosystem and a significant economic threat to the state of
Hawai‘i. Of the total area surveyed (600 m2) in the HBNP in 2015, cumulative coral
mortality was 9.8%. This Marine Life Conservation District reflects the fish populations in
more remote areas distant from anthropogenic impacts due to management restrictions
that prohibit any take of marine organisms. However, the organic and nutrient levels at
HBNP are much higher than at 60 other sites statewide due to high fish biomass (Rodgers,
2005). Minimal levels of fine sediments due to a low contribution of terrigenous material
from the influencing watershed are found here. In addition, nearly one million people
visit HBNP annually but the majority of visitors using the ocean resources remain on
the northern end of the bay in the BD and KH regions. The southern section where WB
lies has relatively minimal human use (Fig. 1). Nonetheless, these two areas experienced
similar mortality following the bleaching event. These results support global reports of high
mortality following bleaching in remote regions removed from anthropogenic influences
such as the northern GBR and at Lisianski in Papahānaumokuakea in the Northwestern
Hawaiian Islands (NWHI) (Couch et al., 2016).

Reef recovery aftermajor disturbances depends not only on the prevailing environmental
conditions but also on the species affected. For example, Pocillopora meandrina is
considered a ‘‘competitive’’ species (Darling et al., 2012) and is far more likely to recolonize
a degraded reef than longer-lived ‘‘stress-tolerant’’ species such as Porites lobata and Porites
evermanni. This study revealed bleaching prevalence and mortality to vary by species and
location. The highest bleaching prevalence was observed in Pavona varians (66%), and
P. meandrina (64%) while highest mortality occurred in P. lobata (5.3%) and P. meandrina
(1.3%). No mortality was observed in P. varians. Bleaching prevalence was highly variable
within HBNP due to localized environmental gradients. The highest levels of bleaching
and mortality were observed in WB, which is characterized as the sector where warm water
accumulates before exiting the bay.

Additionally, WB has the greatest number of coral colonies, particularly Porites lobata
colonies.Porites lobatawas also themost abundant species at BD.This sector is characterized
as having low water velocity and relatively high temperatures. Cumulative bleaching was
relatively low compared to other sectors but mortality was second highest. KH has the
lowest number of coral colonies and P. meandrinawas the most abundant species. Currents
head directly from beyond the reef boundary to shore presumably bringing colder water
with considerable reduction in velocity into KH. Temperature is lower here than at WB
and BD, which may explain why mortality was low although cumulative bleaching was
high. Lastly, CH had the lowest bleaching and mortality due to high water circulation and
high oceanic input with associated lower temperatures. This sector had the second highest
coral abundance, mainly dominated by P. lobata andMontipora capitata. Because P. lobata
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is the most abundant species in three of four sectors, the observed mortality indicates an
important vulnerability that cannot be overcome by circulation or conservation effort.
With repeated mortality of the more vulnerable species, shifts in coral composition are
likely to occur.

Temperature and circulation are difficult to separate. These two factors are highly
correlated with one another since circulation can increase or ameliorate temperatures and
account for localized heating differences. Our results suggest circulation patterns facilitate
localized heating and influence bleaching dynamics in HBNP. Incoming oceanic water
flows shoreward to the reef boundary then follows a counterclockwise pattern west before
exiting the bay. Significant heating occurs as incoming water moves over the shallow reef
flat and accumulates in the WB sector. This explains the observed ∼0.5 ◦C difference in
temperatures between WB and other sectors of HBNP. The observed high circulation rates
appear to be movement and accumulation of warm water in WB. This accumulation of
warm water likely facilitated increased bleaching prevalence and associated mortality in
that area. A similar, but less severe pattern was observed in the BD sector (Fig. 2). The
cumulative heating associated with these circulation patterns correlates with the observed
high levels of bleaching in these two sectors. Even in the absence of direct anthropogenic
stressors (e.g., fishing pressure, pollution, and sedimentation) coral mortality can be high as
temperatures increase. Corals live within 1–2 ◦C of their summer maximum temperatures
and will bleach at this threshold whether they inhabit cooler, deeper waters or live on
warmer shallow reefs (Coles, Jokiel & Lewis, 1976).

CONCLUSION
In summary, bleaching and mortality were highly variable across the main Hawaiian
Islands. Differing spatial patterns of warming greatly influence the location and severity of
bleaching and associatedmortality. Results of this study indicate variability in bleaching and
associated mortality can be described by species-specific tolerances, number of colonies,
localized environmental patterns of heating, and currents. This study of the marine
protected HBNP results determined:

• Bleaching and mortality varied by species and location.
• Bleaching prevalence and associated mortality were the highest in the sectors where
warm water accumulated (i.e., BD and WB).
• Regardless of anthropogenic influences, temperatures beyond the thermal tolerances
for corals can result in mortality.

Oceans will continue to absorb a significant amount of carbon even once emissions
are reduced but we must slow the increase to begin addressing the impacts of climate
change. Sound management strategies based on scientific research will increasingly play a
more important role. Data from this research will serve as a baseline for future research
to better understand the environmental patterns in HBNP and elsewhere. Data on species
tolerances, circulation patterns and temperatures can assist managers in predicting the
spatial extent, bleaching severity, and distribution of future bleaching events to support
planning efforts.
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EXECUTIVE SUMMARY 
 
The Hawaii State Department of Health (HIDOH) is obligated by the Clean Water Act (CWA) 
Sections (§) 303(d) and §305(b) to report on the State's water quality on a two-year cycle. The 
CWA §305(b) requires states to describe the overall status of water quality statewide, and the 
extent to which water quality provides for the protection and propagation of a balanced 
population of shellfish, fish, and wildlife, and allows recreational activities in and on the water. 
The CWA §303(d) requires states to submit a list of waters that do not attain applicable water 
quality standards (WQS), plus a priority ranking of impaired waters for Total Maximum Daily 
Loads (TMDL) development based on the severity of pollution and the uses of the waters. The 
2024 State of Hawaii Water Quality Monitoring and Assessment Report, known as the Integrated 
Report (IR), has been prepared to meet the requirements for CWA §303(d) and §305(b). 
 
The IR informs the public on the status of marine and inland water bodies and serves as a 
planning document to guide other CWA programs. The 2024 IR incorporates data collected from 
November 1, 2021 to September 30, 2023 to provide an updated snapshot of water body 
conditions throughout the State, and carries over the assessment results from previous IRs. 
Waters that do not meet State WQS may be targeted for further monitoring activities to develop 
TMDLs, to plan and evaluate CWA §319 nonpoint source pollution control projects, and set 
requirements for National Pollutant Discharge Elimination System (NPDES) permits and §401 
Water Quality Certifications (WQC). The IR not only identifies areas in need of restoration, but 
serves as a baseline to validate the State’s efforts to improve water quality and eventually delist 
impaired waters that have been rehabilitated.  
 
The 2024 Integrated Report follows a standardized assessment methodology for marine and 
inland waters that evaluates whether the assessment units (AUs) meet the WQS for recreational 
use and for the support of aquatic life. Marine water bodies that are selected for assessment 
include coastal waters and embayments. Inland water bodies that are used for assessment include 
streams, lakes, wetlands, and estuaries. The assessment units that have been used historically 
consist primarily of points, stretches of beachline, and stream segments. These are the same 
assessment units that are used to evaluate waters within the State during the 2022 IR.  
 
New assessment units are in the process of being created to allow for a more holistic view of 
State waters. The new assessment units will be primarily based upon the watersheds established 
by the State of Hawaii Commission on Water Resource Management (CWRM) and will provide 
a more uniform geographical reference for the IR scopes of assessment. For assessment of 
marine waters located along the coastline, the 2024 IR uses previously established Clean Water 
Branch (CWB) AUs from the 2022 IR.  
 
The main WQS parameters assessed in this report include fecal indicator bacteria (enterococci), 
turbidity, chlorophyll a, nutrients (total nitrogen, nitrate+nitrite-nitrogen, ammonium-nitrogen, 
total phosphorus), and where applicable, total dissolved nitrogen, total dissolved phosphorus, 
total suspended solids, and orthophosphate (Hawaii Administrative Rules 11-54-6(d)), when 
there are sufficient data and information for these parameters. 
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Last assessment period, 170 of the 565 marine water bodies (30%) were assessed. This cycle, 
148 of the 566 marine water bodies (26%) were assessed. For this assessment cycle, 
approximately 14 out of 82 (17%) of marine water bodies on Kauai, 69 out of 192 (36%) of 
marine water bodies on Oahu, 2 out of 17 (12%) of marine water bodies on Lanai, 36 out of 129 
(28%) of marine water bodies on Maui, and 27 out of 110 (25%) of marine water bodies on 
Hawaii Island were assessed. Assessment results show that of the 148 marine water bodies 
assessed, 137 (93%) do not attain water quality standards for one or more parameters. Turbidity 
was the leading cause of impairment for marine waters with 111 out of 120 of assessed waters 
failing to meet the criteria. This trend is similar to what was observed in previous IRs, and 
HIDOH believes this may be due to polluted runoff entering nearshore waters. Nutrients were 
the second leading cause of water quality exceedances, with 30 out of 45 of the marine 
assessments failing to meet water quality standards for one or more nutrients. This is followed by 
chlorophyll a, with 19 out of 25 of marine assessments failing to meet water quality standards. 
The enterococci water quality standard was not met in 14 of the 120 assessed marine waters.  
 
The assessment resulted in 24 new waterbody/parameter combination listings. There were also 
11 waterbody/parameter combination delistings for marine waters. The majority of new listings 
were on Oahu at eight followed by Kauai and Hawaii Island at five each. Maui had the most 
delisting at 5. Turbidity was the parameter most frequently listed during this IR cycle, which is 
consistent with previous IR reports.  
 
Marine waters within the larger CWB nearshore AUs were also assessed in this cycle. Of the 532 
CWB nearshore AUs, a total of 82 (15%) were assessed in this IR cycle. Twenty-seven (27) 
CWB nearshore AUs were assessed for nutrients of which 21 did not meet at least one of the 
water quality standards for nutrients. Sevety-five (75)  of the 76 CWB nearshore AUs assessed 
for turbidity failed to meet the requisite WQS. Chlorophyll a was not attained in 18 of the 19 
assessed CWB nearshore AUs. The water quality standard for enterococci was not met in 7 of 
the 71 assessed CWB nearshore AUs.  
 
Five inland waters were assessed in the 2024 Integrated Report. On Oahu, Kaelepulu waterbody 
as well as Heeia and Kahaluu estuaries did not attain their enterococci standards. Kaelepulu 
waterbody also did not attain the turbidity standard.  Waipa estuary on Kauai continued to not 
meet water quality standards for turbidity and enterococci. Waipa stream attained turbidity 
standards for both wet and dry seasons but continues to not meet enterococci standards.  
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PART A. Introduction 

The purpose of the Integrated Report (IR) is to inform the public of the overall status of surface 
water quality statewide, describing the extent to which water quality provides for the protection 
and propagation of a balanced population of shellfish, fish, and wildlife, and allows recreational 
activities in and on the water. This report has been prepared to fulfill the requirements for State 
reporting pursuant to Clean Water Act (CWA) Sections 303(d) and 305(b), which require states 
to provide an assessment every two years on the quality of all their waters (§305(b)), and a list of 
those waters that are impaired or threatened (§303(d)). This document describes the 
methodology, datasets, and results used to develop the 2024 IR. The report is intended to guide 
future management actions for state waters, provide data for long term trend assessment, and 
document water quality improvements across the state. 

The 2024 IR provides water quality assessment results for both marine and inland waters. The 
marine and inland assessment results are reported by assessment units where possible, and/or by 
individual sampling locations. Some data has been placed into watershed assessment units, while 
other data is still assessed by individual assessment units (e.g. off-shore sampling locations) 
where watershed assessment units have not yet been established.  

The assessment period covers a two-year time frame (November 2021-September 2023), 
beginning where the 2022 IR assessment cycle ended (October 2021). As part of the IR process, 
the Hawaii Department of Health (HIDOH) solicited and requested the public via the HIDOH 
Clean Water Branch (CWB) website and local newspapers to provide new water quality data on 
June 5, 2023 and the solicitation period closed on October 1, 2023.  

An attempt was made to avoid technical jargon and unnecessary abbreviations, but a few remain 
due to the technical and regulatory requirements necessary for the report. Acronyms are listed in 
a table at the beginning of this report and where they first appear in text of the document. In 
addition, terms used in the report are also defined where they first appear in the text of the 
document.  
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PART B. Background 

B.1. Scope of Waters in the Integrated Report 
The State of Hawaii contains approximately 303 miles of recreational shoreline, 3,326 miles of 
rivers and streams, 37 square miles of bays and harbors and 5 square miles of lakes and 
reservoirs. The health of Hawaii’s inland and marine waters is vital to the communities for 
subsistence, cultural practices, and recreation. The State’s economy is largely dependent on the 
quality of its shorelines and beaches, which provide opportunities for year-round recreational 
activities. 

B.2. Surface Water Pollution Control Programs  
The HIDOH, Clean Water Branch (CWB) is the state agency responsible for protecting and 
restoring surface water resources for human and environmental health. The CWB’s mission is to 
protect the public health of residents and tourists who recreate in and on Hawaii’s coastal and 
inland water resources, as well as to protect and restore coastal and inland waters for aquatic life 
and wildlife.  
 
The CWB implements surface water pollution control programs delegated from the United States 
Environmental Protection Agency (EPA) in support of the Clean Water Act and the State’s goals 
to protect and restore surface waters to fishable and swimmable standards for the purpose of 
protecting human and environmental health. The components addressed within the CWB include 
Water Quality Standards (WQS), Enforcement and Compliance, National Pollutant Discharge 
Elimination System (NPDES) permits, Water Quality Certifications (WQC), surface water 
quality monitoring and assessment, Total Maximum Daily Loads (TMDLs), and Polluted Runoff 
Control (PRC). These programs are intended to work in concert to ensure that Hawaii’s surface 
water resources are protected and restored. In addition, the HIDOH also includes the Safe 
Drinking Water Branch, which monitors and protects drinking water resources, and the 
Wastewater Branch, which administers engineering functions related to water pollution control 
and wastewater systems and treatment.  
 
The State’s objectives with regards to surface waters include 1) using an integrated approach to 
assess state water quality, and 2) addressing sources of water pollution through permits, TMDLs, 
and watershed-based plans.  

B.2.1. Hawaii Water Quality Standards 
Hawaii’s Water Quality Standards form a legal basis for controlling pollution entering waters 
within the State, and are described in Hawaii Administrative Rules (HAR), Title 11, Chapter 541, 
hereafter known as HAR 11-54 or water quality standards (WQS). Water quality standards are 
regulations that include classification of water bodies (e.g., embayment, open coastal, flowing 
stream, etc.), identification of the designated uses, water quality criteria necessary to protect the 
designated uses, and a general policy of water quality antidegradation for all water types. 
 

1 https://health.hawaii.gov/cwb/files/2022/01/HAR-11-54-October-22-2021.pdf 
 

93

https://health.hawaii.gov/cwb/files/2022/01/HAR-11-54-October-22-2021.pdf


The WQS categorize the State’s surface waters as inland or marine waters. Inland waters are 
comprised of water body types such as streams, estuaries, lakes and reservoirs, wetlands, and 
anchialine pools. Marine water body types are comprised of embayments, coastal, and oceanic 
waters and classified into class A and AA (both bounded by 183 meter or 600-foot depth contour 
and within the 3 nautical mile boundary). The specific numeric water quality criteria applicable 
to streams, estuaries, embayments, coastal, and oceanic waters form the basis for determining 
whether a waterbody is meeting its intended uses. 

The WQS play a central role in the successful implementation of Hawaii’s surface water 
pollution control programs. To evaluate the need for revising or adding to State standards, the 
CWB is required by the CWA to conduct a comprehensive review of the state water quality 
standards on a triennial basis. The review process allows the State to determine whether its water 
quality standards are sufficient to maintain the designated uses for each identified water body 
type. The last triennial review was completed in 2022.  

B.2.2. Point Source Pollution Control
The CWB has been authorized to administer the state NPDES program for point source
discharges to waters of the United States. The discharge permits are prepared in compliance with
the CWA Section 402 and with Hawaii Administrative Rules Title 11, Chapters 54 and 55, and
are designed to protect the quality of surface water within the State. These permits authorize the
discharge of substances at concentrations that meet either technology or water quality based
effluent limits, whichever is more stringent.

Under the NPDES program, the CWB regulates discharges of pollutants from point sources, such 
as wastewater treatment plants, municipal separate storm sewer systems, and industrial 
dischargers. The issuance of permits and the enforcement of permit conditions aids in the 
protection of the quality of waters within the State. In areas where a TMDL has been established, 
the permit conditions may be more stringent than the established water quality standards, aiding 
in the improvement of water quality.  

B.2.3. Water Quality Certification
Responsibilities for wetland protection are diffused among various federal, state, and county 
authorities. There is no formal wetland program in HIDOH. However, HIDOH does utilize their 
authority under CWA §401 and HAR Title 11, Chapter 532 to certify, waive, or deny water 
quality certification for CWA §404 permits issued by the United States Army Corps of Engineers 
(USACE) for dredge/fill activities in U.S. waters. 

B.2.4. Non-Point Source Pollution Control
Nonpoint sources of pollution in the State primarily consist of cesspools, agricultural land use,
urban land use, and feral ungulate destruction and soil erosion in conservation lands. Cesspools
discharge untreated human waste directly into the ground, where it can contaminate groundwater
and subsequently surface waters by releasing nutrients and disease-causing bacteria and viruses.
In agricultural areas, fertilizers, herbicides, pesticides, and soil erosion can lead to polluted
runoff problems. In urban areas, roads, buildings, and parking lots often prevent rainwater from

2 https://health.hawaii.gov/cwb/files/2021/11/20211022.11-53-Rule.pdf 
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soaking into the ground, which increases the volume of water runoff, increases erosion, and 
washes pollutants through storm drains into streams and the ocean. On conservation lands, feral 
ungulates disturb soil and destroy and uproot vegetation, resulting in soil erosion and sediment 
runoff. 
 
HIDOH is in the process of developing a formal nonpoint source regulatory program. The 2021-
2025 Non-point source management plan advances the creation of the DOH Surface Water 
Protection Branch in conjution with the development of new statewide Non-point source 
pollution regulation (Hawaii Administrative Rules Title 11, Chapter 56)3. The CWB currently 
addresses nonpoint source pollution through the Polluted Runoff Control (PRC) Program, which 
administers grant money it receives from the EPA to address polluted runoff. The PRC Program 
focuses its nonpoint source control projects in a few priority watersheds (He‘eia, Hanalei, and 
West Maui). Priority watersheds may change at a later date. PRC also implements projects to 
reduce and prevent nonpoint source pollution in other watersheds that have watershed-based 
plans. Significantly more resources are needed to adequately control all nonpoint source 
pollution within the State.  

B.2.5. Total Maximum Daily Load Process 
The TMDL process serves as a roadmap for water body restoration by focusing on improving 
water quality in impaired surface waters that have been included in the §303(d) list. A TMDL 
report determines the amount of each pollutant that the impaired water body can assimilate and 
still meet water quality standards and assigns pollutant load allocations to all identified point 
sources and non-point sources for each pollutant.  
 
The CWB is looking at various other sites for potential TMDLs. Sampling efforts for the 
Moanalua and Kalihi watersheds were completed in May 2022 and a TMDL for the watersheds 
is currently in progress. Sampling for the Kaupuni TMDL was completed in June 2023 and a 
TMDL is in the planning phase. The Kaelepulu TMDL is currently in progress. See Appendix C 
for a revised set of priority water bodies for potential TMDLs. These water bodies and 
consequent watersheds may differ from the PRC priority watersheds. The CWB will work to 
maximize TMDL development efforts and leverage resources by collaborating internally, 
especially with the PRC program, on TMDL implementation, watershed improvement plans, and 
other watershed restoration projects.  

B.3. Special State Concerns and Recommendations 
A framework for implementing the CWA Section 303(d) Program, titled 2022-2032 Vision for 
the Clean Water Act Section 303(d) Program (“2022 Vision”). The 2022 Vision identifies 
opportunities to manage effectively Clean Water Act (CWA) Section 303(d) program activities 
to achieve water quality goals for the Nation’s aquatic resources such as streams, rivers, lakes 
estuaries, and wetlands (EPA 2022). See Appendix D for HIDOHs proposed 2022 Vision 
prioritization framework. While the vision does not alter the State’s CWA §303(d) regulatory 
obligations, it allows the states the flexibility to implement its responsibilities in the context of 
the State’s overall water quality goals. The CWB will implement the vision approach in parallel 

3 https://health.hawaii.gov/cwb/files/2021/04/2021-HI-NPS-Management-Plan.pdf 
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with any necessary TMDL development activities for any of the priority watershed TMDL 
consideration. This will help accelerate achieving water quality improvements and restoration for 
those watersheds.  

B.4. Future Monitoring Recommendations 
It is anticipated that future monitoring efforts will continue to focus on collecting data for 
statewide watershed assessments, allowing for a more seamless integration of water body types 
and surrounding land use. Upcoming reports will continue to utilize State watershed delineations 
for inland and nearshore marine waters, as well as other geographical attributes. Some 
assessment units are available for viewing on EPA’s How’s My Waterway portal. 
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PART C. Surface Water Monitoring and Assessment Overview 

C.1 Surface Water Monitoring and Assessment  
The CWB conducts year-round monitoring of coastal waters throughout the state to provide data 
to support BEACH Act requirements, §303(d) and 305(b) assessments, TMDL development, and 
CWA §319 watershed implementation projects. This statewide monitoring program maintains 
staff on Kauai, Oahu, Maui, and Hawaii. Monitoring on the islands of Molokai and Lanai is 
performed by Oahu staff; however, BEACH Act requirements are not implemented due to 
sample holding time restrictions. Due to staffing shortages, monitoring on Molokai and Lanai 
has been suspended until further notice.  

C.2. Data Sources 
A formal call for data was announced on June 5, 2023 and closed October 1, 2023. Marine water 
quality data collected between November 1, 2021 and September 30, 2023 are assessed in this 
report. Sources of data assessed in this report originated from NPDES permitted facilities, 
private consulting firms, non-profit organizations, and routine and special sampling conducted 
by the CWB or partnering entities (Appendix A). New, readily available data that meet the 
CWB’s data acceptance criteria requirements are considered for assessment in the 2024 IR.  

C.2.1. Quality Assurance/Quality Control 
The CWB Monitoring and Analysis Section QA/QC is governed by the CWB Beach Monitoring 
Quality Assurance Project Plan (QAPP), which was approved by EPA on February 2, 2018, and 
the Near Shore Coastal Chemistry Monitoring QAPP, which was approved by EPA on April 17, 
2018. CWB is currently working on an updated QAPP to be approved by EPA. Other data 
submitted from sources outside the HIDOH that meet the data acceptance criteria specified on 
the CWB website and updated on September 1, 2020, included in the assessment. 

C.2.2. Laboratory Analytical Support 
The CWB uses a number of Hawaii-based laboratories for analysis of samples. The HIDOH 
Environmental Health Analytical Services Branch (EHASB) of the State Laboratories Division 
(SLD) analyzes samples for enterococci and chemical nutrients on Oahu. The National Energy 
Laboratory of Hawaii Authority (NELHA), which is a part of the State Department of Business, 
Economic Development, and Tourism, analyzes chemical nutrient samples collected on Maui, 
Kauai, and Hawaii. HIDOH also maintains microbiology laboratories on the four largest islands 
(Kauai, Oahu, Maui, and Hawaii), which conduct analysis for their respective islands, with the 
exception of West Hawaii. West Hawaii samples are analyzed for enterococci by Microbiology 
Consulting Services, LLC (MCS) under contract. MCS has analyzed West Hawaii samples for 
CWB since July 2007. CWB also contracted the University of Hawaii Water Resources Research 
Center (WRRC) to analyze enterococci samples collected on Oahu in January 2020 in 
conjunction with SLD. 

C.2.3. Data Storage, Management, and Sharing 
The CWB fecal indicator bacterial dataset extends from 1973 to the present, and the nutrient and 
water quality indicator dataset extends from 2006 to the present. Water quality data currently 
generated from CWB coastal monitoring is available on the CWB’s website and EPA’s Water 
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Quality Portal. The end-users of the Water Quality Portal database include government agencies, 
consultants, students and the general public. Data collected before 1999 are stored in the Legacy 
STORET Database.  

The 2024 IR assessment data will be uploaded into EPA’s Assessment and Total Maximum 
Daily Load Tracking and Implementation System (ATTAINS) database.   

C.3 Assessment Units

In previous IRs, non-uniform scopes of assessment have been used to assess the State’s waters. 
These have included a point, stretch of coastline, and segments of streams. To provide a more 
holistic and consistent assessment of the waters within the State, new assessment units are in the 
process of being created. The new AUs will be primarily based on the watersheds established by 
the State of Hawaii (DLNR) Commission on Water Resource Management (CWRM). 

Watersheds will be used as the primary basis for the creation of new AUs since water quality 
assessments using watershed AUs consider the influence of watershed characteristics (e.g. land 
used, precipitation, and land-cover) on water quality downstream and in coastal areas. Marine 
waters fronting watersheds are largely influenced by streams and groundwater sources located in 
the associated watershed. Coastal waters, especially near shore marine waters, can be viewed as 
an extension of the watershed. Since inland waters are not currently included in the watershed 
AUs, to avoid confusion, AUs will be renamed from watershed AUs to nearshore AUs. 
Nearshore AUs will follow the same extent as listed in Table 2. Some nearshore AUs were 
combined due to the limited shoreline access for these areas.   

The 2016 IR established CWB nearshore AUs for Kauai, Maui, Oahu, Molokai, and Lanai. 
Nearshore AUs for the Big Island were established in the 2022 IR. These CWB nearshore AUs 
consist of marine waters that front the watershed. Inland waters are not included in these AUs at 
this time.  

Since the new AUs have not been established for much of the individual inland water bodies 
within the State, the individual water bodies established in previous IRs are the primary basis for 
the current assessment and §303(d) listing. Marine waters will continue to be listed by individual 
sites but will be assessed only if sufficient data is available for the respective site. These may 
include points, stretches of coastline, and segments of streams.  

C.4 Assessment Methodology

State surface waters are monitored to determine if water quality conditions support public health 
while recreating in and on the water (recreational health) and ecosystem health. Recreational 
health is assessed by enumerating enterococci, the recommended EPA fecal indicator bacteria for 
coastal recreational waters. Ecosystem health is assessed by comparing mostly nutrients and 
other parameters to the applicable water quality criteria. The nutrient parameters assessed in this 
report include total nitrogen (TN); nitrate+nitrite-nitrogen (NO₃+NO₂); ammonium-nitrogen 
(NH₄); total phosphorus (TP); and where applicable, total dissolved nitrogen (TDN), total 
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dissolved phosphorus (TDP), and orthophosphate (PO₄) (HAR §11-54-6(d)). Other parameters 
collected by CWB for assessment purposes include chlorophyll a, total suspended solids (TSS), 
and field parameters such as pH, temperature, turbidity, salinity, and dissolved oxygen.  

Decisions for listing/delisting water bodies for nutrients, enterococci, and other parameters are 
based on the quality and quantity of data, water body type, and applicable numeric criteria 
(Figure 1.). A majority of the data assessed in the 2024 IR originated from beach samples 
collected along the coastline, as most of the CWB’s monitoring efforts are currently focused on 
routine monitoring under the BEACH Act. There was limited inland water monitoring 
conducted. Additional sources of data considered for the 2024 IR include receiving water quality 
data from NPDES permitted facilities, private contractors, and non-governmental organizations 
(NGOs) (Appendix A). Chapters 2 and 3 contain more detailed assessment methods specific to 
marine and inland waters, respectively.
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Figure 1. Flow chart of the listing/delisting process for enterococci, TN, NO₃+NO₂, NH₄, TP, PO₄, 
turbidity, TSS, and chlorophyll a.
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Assessed water bodies are then assigned to categories according to EPA’s 2006 Integrated Water 
Quality Monitoring and Assessment Report Guidance and subsequent updates. The attainment of 
WQS for one parameter but not another can result in the assignation of one or more categories to 
a water body. 

Category 1: All designated uses are supported; no use is threatened; 
Category 2: Available data and/or information indicate that some, but not all the designated 

uses are supported; 
Category 3: There is insufficient available data and/or information to make a use support 

determination; 
Category 4: Available data and/or information indicate that at least one designated use is 

not being supported or is threatened, but a Total Maximum Daily Load 
(TMDL) is not needed; 

4a: A TMDL to address a specific segment/pollutant combination has been 
approved or established by EPA; 

4b: A use impairment caused by a pollutant is being addressed by the State 
through other pollution control requirements; 

4c: A use is impaired, but the impairment is not caused by a pollutant; 
Category 5: Available data and/or information indicate that at least one designated use is 

not being supported or is threatened, and a TMDL is needed. 

Water bodies that attain State numeric water quality criteria are classified in either Category 1 or 
2. Water bodies that do not meet State numeric water quality criteria are classified into Category
5 and constitute the CWA §303(d) list of impaired waters. A water pollution reduction plan, or
TMDL, is required for water bodies that are impaired or not expected to meet State numeric
water quality criteria, even after the application of technology-based effluent limitations in
NPDES permits. The prioritization (low, medium, high) of water bodies for TMDL development
is based on the number of parameters not attaining state WQS, resource availability, and realistic
schedule of completion. Water bodies that have an approved TMDL are classified into Category
4a. Previously impaired water bodies (Category 5) that currently attain State numeric water
quality criteria are “delisted” and reclassified into Category 1 or 2.

Each water body assessment is categorized according to EPA methods for inland and marine 
waters. Estuarine waters moved from marine waters to inland waters in the 2016 IR because 
HAR §11-54-2 classifies estuaries as inland waters. Water bodies are sorted by island and then 
by inland (streams and estuaries) and marine waters. For both inland and marine waters the 
following applies:  

• Inland Waters Scope of Assessment
o EN = Entire Network
o EE = Entire Estuary
o ER = Entire Reservoir
o EW = Entire Wetland
o EL = Entire Lake
o E = Estuary
o P = Pearl Harbor
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• Marine Water Body Type
o B = Embayment (as specified within HAR §11-54-6(a))
o C = Open Coastal (marine waters from the shoreline to 183 m (600 ft) depth contour

and within 3 nautical miles from shore)
o O = Oceanic (marine waters from the 183 m (600 ft) depth contour and within 3

nautical miles from shore)
o K = Kona (all marine waters of Hawaii Island from Loa Point, South Kona District,

clockwise to Malae Point, North Kona District, excluding Kawaihae Harbor and
Honokohau Harbor, and for all areas from the shoreline at mean lower low water to a
distance 1000 m seaward (HAR §11-54-6(d))

The 2024 water body assessments primarily indicate where sampling has occurred within the 
State. The 2024 IR marine assessments also include CWB nearshore AUs first introduced in the 
2016 and 2022 IRs that provide a more holistic view of the coastline waters within the State. 
There are some CWB nearshore AUs listed twice due to containing individual water bodies that 
are classified as different water body types and thus are compared to different WQS. The results 
of the assessment do not reflect all water bodies in the State. Prior assessments confirmed with 
new data are shaded gray, and any category changes for previously assessed waters are bolded, 
italicized, underlined, and shaded gray. The §305(b) assessment of State waters is located in 
Appendix B, and the §303(d) list of impaired waters is located in Appendix C.  
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CHAPTER 2: MARINE WATERS 
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PART A. Scope of Waters 

Chapter 1 part C.4 describes the general methodology used to complete the assessment of both 
marine and inland waters. Chapter 2 further describes the assessment methodology and results 
applicable to marine waters as described in Hawaii’s WQS, HAR §11-54. Marine waters are 
characterized according to water body type: embayments, open coastal, and oceanic waters. 
Specific numeric criteria applicable to each water body type are the primary basis for listing and 
delisting decisions.  

The scopes of assessment for marine waters in the 2024 IR (i.e., stretches of coastline, beach 
segments, individual sampling stations, and CWB nearshore AUs) are based upon the water body 
types described in the WQS and the premise that the water quality in near shore marine 
recreational waters is likely to be different than waters located offshore. For the purposes and 
consistency of the IR, nearshore recreational waters will continue to be categorized as coastal 
waters within 300 meters of shoreline and offshore waters beyond 300 meters.  

A.1. Assessment Units
The AUs used to assess marine waters in the 2024 IR consist primarily of points, and stretches of 
coastline. CWB nearshore AUs were established for Kauai, Maui, Oahu, Lanai, Molokai, and 
Hawaii and the marine water quality within each CWB nearshore AU was assessed if sufficient 
data was available during this cycle. The results of the assessment are included in Appendix B.  

PART B. Assessment Methodology 

Decisions for listing/delisting water bodies are based on the quality and quantity of data, water 
body type, and applicable State WQS. Numerous categories may be applicable to describe the 
current status of a water body because each AU is assessed for multiple parameters. The 
attainment of WQS for one parameter but not another, can result in the assignation of one or 
more categories to a water body. 

Data collected in State receiving waters are placed into the appropriate assessment unit. The AUs 
are assessed based on water body types described in the WQS as well as the type of data 
available. AUs are assessed for recreational health and ecosystem heath, where data is available.  

B.1. Recreational Health Assessment
Recreational health is assessed by enumerating enterococci, the recommended EPA fecal 
indicator bacteria for marine coastal recreational waters. Recreational health criteria evaluations 
using enterococci inform both daily assessments and long term decisions (e.g., the IR) about 
whether public health is being protected while participating in water contact activities. The 
presence of enterococci in sufficient numbers “indicates the potential for human infectious 
diseases” as defined in the CWA §502(23) (EPA Office of Water 2012). Exceedance of the WQS 
for enterococci is generally thought to indicate the presence of human fecal contamination and, 
hence, the presence of pathogens. 
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Enterococci assessments are primarily used to support decisions made in the context of the 
BEACH Act. Recipients of BEACH Act5 grant funds, such as Hawaii, are required to notify the 
public when enterococci levels either exceed or are likely to exceed the applicable water quality 
standards at specific beach locations. Daily assessments apply to specific beach locations, and 
not larger assessment units. In Hawaii, the public is notified when the enterococci concentrations 
in any given sample are above 130 colony forming units (CFUs)/100 mL of water. 
 
HAR §11-54-8 was amended in 2014 to remove the minimum sample number required to 
calculate the geometric mean, as recommended in EPA’s 2012 recommended Recreational Water 
Quality Criteria. For the purposes of the IR, a minimum of 30 samples are evaluated to ensure 
the results are statistically significant at each site. This helps to ensure that the results accurately 
reflect the conditions of the waterbody throughout the assessment period. For IR purposes the 
geometric mean (GM) is calculated based on monthly geometric means calculated from data 
collected from the AU over the two-year time period. In the event that an AU does not meet the 
30 sample minimum, the data range may be expanded back two years to include data from the 
last IR cycle when applicable. An AU is considered impaired if the enterococci GM over a 30-
day interval exceeded 35 CFU/100 mL or more than 10% of samples over the two-year 
assessment period exceeded the statistical value threshold value (STV) of 130 CFU/100 mL 
(Table 1). 
 
In instances where one monthly enterococci GM for an AU does not meet recreational WQS, but 
the remaining monthly enterococci GMs meet the recreational WQS, an additional assessment is 
conducted prior to determining that the AU is impaired. The further assessment consists of 
reviewing field notes, brown water advisories that may have been in effect at the time the 
samples were collected, and the other GMs that we calculated within the assessment cycle. If it is 
determined based upon assessment of this data, that the elevated GM for enterococci is likely due 
to a one-time occurrence and is unlikely to be representative of the health of the water body, the 
waterbody will not be listed as impaired.  
 
Table 1. Enterococci recreational WQS attainment/non-attainment based on GM. 
  

Frequency Recreational WQS 
Attained 

Recreational WQS 
 Not Attained (Impaired) 

Two year interval, minimum 
of 30 samples 

10% or less of total samples 
≤ 130 CFU/100mL 

More then 10% of total samples > 130 
CFU/100 mL 

30-day interval GM ≤ 35 CFU/100 mL GM > 35 CFU/100 mL 

B.2. Ecosystem Health Assessment 
Ecosystem health assessments are based on a GM calculation of the nutrient and field parameters 
identified in HAR §11-54-6. Assessments require a minimum of 30 samples to be collected from 
within the AU over a two-year assessment cycle. If an AU does not meet the 30 sample 
minimum, the data range may be expanded back two years to include data from the last IR cycle 
when applicable. When assessing CWB nearshore AUs, the 30 samples may come from multiple 
stations located within the larger watershed-based AU and should be representative of seasonal 
variation where possible. Ecosystem health assessment is based on one calculated GM for the 

5 https://health.hawaii.gov/cwb/files/2020/03/Hawaii-Beach-Monitoring-Program-FINAL_DRAFT-200127.pdf 
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two-year period. In addition, nutrient WQS vary depending on marine water body type, whereas 
the recreational health WQS remain the same for all waters (Table 2). For marine waters where 
profile data are available at multiple depths, data are grouped according to distance from 
shoreline and combined for assessment decisions. 
 
 
Table 2. Applicable water body type and WQS for marine water bodies 
 

Water Body Type Description Recreational 
WQS 

Nutrient 
WQS 

Embayments As defined in HAR §11-54-6(a) HAR §11-54-8 Embayment, HAR §11-
54-6 (a) 

Near Shore Marine 
Waters Shoreline to 300 m offshore HAR §11-54-8 Open Coastal, HAR 

§11-54-6 (b) 

Open Coastal Marine 
Waters 

Shoreline to 183 m (600 ft) 
depth contour and within 3 
nautical miles from shore 

HAR §11-54-8 Open Coastal, HAR 
§11-54-6 (b) 

Oceanic Waters 
≥183 m (600 ft) depth contour 
and within 3 nautical miles 
from shore 

HAR §11-54-8 Oceanic, HAR 
§11-54-6 (c) 

B.3. Water Body ID (Formerly Geocode ID) 
Two sets of water body ID codes exist in the Hawaii structure: a 2-letter alphanumeric (HI) set 
and 3-letter alphanumeric (HIW) set. The numeric portion of both codes is preceded by the State 
abbreviation (HI) as per EPA protocol. The 2-letter code is from an existing structure of the 
EPA’s BEACH program that identifies recreational waters across the State. The 3-letter code is 
generated in response to areas where BEACH codes do not exist and areas that are divided into 
smaller subsections. Each code is comprised of a total of eight characters and is not ordered. 
Marine geocode IDs listed in former IRs were renamed to water body IDs in the 2016 IR because 
they serve as an internal unique identifier and do not relate to geospatial information. The 2024 
IR keeps the same naming convention as the 2022 IR.  

PART C. Results 

C.1. Marine Water Body Assessment Results 
Statewide 
Marine water bodies that had new, readily available data were assessed in this report. In the 2024 
IR, 148 water bodies were assessed compared to the 170 assessed in the 2022 IR (Table 3). Out 
of the 148 marine water bodies assessed, 137 did not attain WQS for one or more parameters. It 
should be noted that not all parameters were assessed for every water body due to unavailability 
of new data.  
 
Of the marine waters assessed, the parameter that most frequently met WQS, when assessed, 
during this cycle was enterococci, followed by nutrients then Chlorophyll a. The parameter that 
met WQS the least frequently for the assessed waters was turbidity. This is consistent with the 
results of previous assessments (Table 5).  
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The assessment of the available water quality data resulted in the listing of 23 new water 
body/parameter combinations onto the §303(d) list of impaired waters, and most of the new 
listings were associated with Oahu and Hawaii Island. The assessment also resulted in the 
delisting of 12 water body/parameter combinations from the list of impaired waters on Maui, 
Kauai, Oahu and Hawaii Island. No marine water bodies were assessed this cycle for Molokai, 
and only one water body was assessed for Lanai (Table 4). 
 
Table 3. Marine Water Bodies Assessed for 2024 and 2022 IR 
 

Island 

Total 
Water 

Bodies per 
Island 2024 

Total 
Assessed 

Water 
Bodies in 

2024 

% 
Assessed 
in 2024 

Total Water 
Bodies per 
Island 2022 

Total 
Assessed 
Water 

Bodies in 
2022 

% 
Assessed 
in 2022 

Kauai 82 14 17% 82 22 27% 
Oahu 192 69 36% 192 73 39% 
Molokai 36 -- N/A 36 -- 0% 
Lanai 17 2 12% 17 1 6% 
Maui 129 36 28% 129 36 28% 
Hawaii 110 27 25% 109 38 35% 
Total 566 148 26% 565 170 30% 

 
 
Table 4. New Waterbody/Parameter Listings and Delistings in the 2024 IR cycle vs 2022 cycle. 
 

Island 
New Pollutant 

Listings in 
2024 

New 
Pollutant 

Listings in 
2022 

New Pollutant 
Delistings in 

2024 

New Pollutant 
Delistings in 

2022 

Kauai 5 11 3 1 
Oahu 9 28 2 3 
Molokai 0 0 0 0 
Lanai 2 1 0 1 
Maui 4 13 5 3 
Hawaii 5 19 2 16 
Total 25 72 12 25 
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By Island. 

106 of the 120 waterbodies assessed for enterococci met the recreational health WQS. Lanai had 
the highest rate of attainment of the nutrient WQS, followed by Oahu and Kauai with 4 out of 5 
waterbodies attaining. Only two out of 24 waterbodies on Maui and 3 out of 9 waterbodies on 
Hawaii met the nutrient criteria this cycle. The turbidity WQS was predominantly not attained 
for all islands (Kauai, Oahu, Maui, Lanai, and Hawaii) with only 9 out of 120 meeting the WQS. 
The chlorophyll a WQS is attained in 5 of the 13 marine waterbodies assessed on Hawaii. One 
out of three waterbodies on Maui attained Chlorophyll a standards and none of the assessed 
waterbodies on Oahu and Kauai attained standards.  

Table 5. Assessed marine waterbody attainment and non-attainment of WQS for parameters 
summarized by island.  

Island Enterococci Nutrients Turbidity Chlorophyll 
a 

A N A N A N A N 
Kauai 11 1 4 1 1 13 0 5 
Oahu 54 13 4 1 5 36 0 2 

Molokai -- -- -- -- -- -- -- -- 
Lanai -- -- 2 0 0 2 0 2 
Maui 18 0 2 22 0 36 1 2 

Hawaii 23 0 3 6 3 24 5 7 
Total for 

2024 106 14 15 30 9 111 6 19 

Total for 
2022 118 11 22 44 6 139 21 32 

Attainment = (A) non-attainment = (N), not assessed = --. 

C.2. Nearshore Assessment Results
In an effort to provide a more holistic assessment of the waters within the State, the water quality 
within the established CWB nearshore AUs was assessed. Nearshore AUs were included for 
Hawaii Island for the 2022 IR in addition to those already established on Kauai, Oahu, Maui, 
Molokai, and Lanai. Some nearshore were split to account for differences in WQS within the 
same watershed (e.g., applicability of wet or dry criteria).  

Statewide 
Approximately 532 CWB watershed AUs have been established. Based on new, readily available 
water quality data, 82 CWB watershed AUs on Kauai, Oahu, Lanai, Maui, and Hawaii Island are 
assessed in this report (Table 6). Approximately 15% of the CWB watershed AUs on Kauai, 
40% of CWB watershed AUs on Oahu, 6% of CWB watershed AUs on Lanai, 19% of CWB 
watershed AUs on Maui, and 7% of watersheds on Hawaii Island were assessed for at least one 
parameter in the 2024 IR. Sufficient new data for CWB watershed AUs on Molokai were not 
available for this IR cycle. 
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Of the 82 CWB watershed AUs assessed, 79 do not attain State WQS for one or more 
parameters. It should be noted that not all pollutants are assessed for every watershed due to 
unavailability of new data. The WQS for turbidity is exceeded the most frequently (75 of 76 
assessed CWB watershed AUs), followed by nutrients (6 of 27 assessed CWB watershed AUs). 
Eighteen of the 19  CWB watershed AUs assessed for chlorophyll a do not attain the WQS. The 
recreational health water quality standard was not attained in 7 of 71 CWB watershed AUs 
assessed for recreational health (Table 7). 
 
Table 6. Nearshore AUs assessed for the 2024 and 2022 IR Cycles 
 

Island 
Total 

Nearshore 
AUs in 
2024 

Nearshore 
AUs Assessed 

in 2024 

% 
Assessed 
in 2024 

Total 
Nearshore 

AUs in 
2022 

Nearshore 
AUs assessed 

in 2022 

% 
Assessed 
in 2022 

Kauai 74 11 15% 74 15 20% 
Oahu 91 36 40% 91 42 46% 

Molokai 50 -- N/A 50 -- N/A 
Lanai 32 2 6% 32 1 3% 
Maui 113 21 19% 113 22 19% 

Hawaii 172 12 7% 172 14 8% 
Total 532 82 15% 532 94 18% 

Not assessed = --.  
 
Table 7. Assessed Nearshore AUs attainment and non-attainment of WQS for parameters 
summarized by island.   
  

Island Enterococci Nutrients Turbidity Chlorophyll a 
A N A N A N A N 

Kauai 10 1 2 2 0 11 0 5 
Oahu 30 6 0 0 0 31 0 0 

Molokai -- -- -- -- -- -- -- -- 
Lanai -- -- 2 0 0 2 0 2 
Maui 13 0 2 13 0 21 0 5 

Hawaii 11 0 0 6 1 10 1 7 
Total for 2024 64 7 6 21 1 75 1 19 
Total for 2022 75 3 6 50 0 91 10 37 

 attainment = (A), non-attainment = (N), not assessed = --. 
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Table 8. New Nearshore/Parameter Listings and Delistings in the 2024 IR cycle vs 2022 cycle. 
Island New Parameter 

Listings in 2024 
New Parameter 
Listings in 2022 

New parameter 
Delistings in 

2024 

2022 Parameter 
Delisting 

Kauai 6 13 0 0 
Oahu 4 77 0 1 

Molokai -- -- -- -- 
Lanai 2 1 0 0 
Maui 5 24 8 2 

Hawaii 2 12 0 3 
Total  19  127 8 6 

 
By Island 
 
Sixty-four of the 71 CWB nearshore AUs assessed attained the recreational water quality 
standard. Twenty-seven CWB nearshore AUs were assessed for nutrients and 19 CWB 
watershed AUs were assessed for chlorophyll a. Two of the four Kauai nearshore AUs, all of the 
assessed Lanai nearshore AUs, two of the 15 Maui nearshore AUs and none of the six Hawaii 
Island AUs met nutrient WQS. Only one of the 76 assessed nearshore AUs on Kauai, Oahu, 
Lanai, Maui, and Hawaii Island meet the turbidity WQS. Of the 20 nearshore AUs assessed for 
Chlorophyll a, only one AU on Hawaii Island attained the relevant standard.  

C.3. Assessment Results Summary 
 
The 2024 IR continues to implement a multi-category listing method (Category 1-5) to 
characterize current water quality status (e.g. new impairment listing, delisting, etc.) across the 
State. The following tables detail how a marine water body is assigned a different numerical 
category and includes reasons for those changes. Overall, there were 17 new waterbody/pollutant 
listings and 7 new waterbody/pollutant delistings for the 2024 IR assessment cycle (Tables 9 
through 13).  
 
Maui, Oahu, and Kauai had the greatest number of new listings (six for Kauai, five for Maui, and 
four on Oahu), followed by Hawaii Island and Lanai (2 each). Maui was the only island with 
delistings this cycle at eight (Table 4). Turbidity was the most frequent parameter to cause a 
water body to be listed during this cycle. This is consistent with previous integrated reports, and 
may be due to increased polluted runoff entering near-shore waters.  
 
A waterbody with water quality information that is insufficient to determine an appropriate 
decision recommendation, but the available data and information that does exist indicated 
beneficial uses may be potentially threatened, are listed as Category 3. This approach was taken 
to prevent waterbodies with insufficient data from being classified as fully attaining standards 
and to indicate the need for a more thorough assessment in future listing cycles.  
   
In the 2024 IR, nearshore AUs were included in the official 305(b) list. These AUs follow the 
same multi-category listing method used with marine waterbodies. While nearshore AUs were 
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not officially included in prior IRs, HIDOH tracked changes as data was available. Overall there 
were 19 new parameter listings  and seven parameter delisitings (Table 8).  
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Table 9. Kauai Category Changes 

Scope of Assessment Water Body ID Parameter Decision Action Summary 
Rationale Reason for Change 

Anahola Nearshore HIW30004 Chl. a List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new 
data indicates that applicable WQS are 
not being attained, resulting in a 
category change from 3 to 5. 

Anahola Beach Park HI823433 Chl. a List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new 
data indicates that applicable WQS are 
not being attained, resulting in a 
category change from 3 to 5. 

Hoea Nearshore HIW30008 Chl. a List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new 
data indicates that applicable WQS are 
not being attained, resulting in a 
category change from 3 to 5. 

Kaumakani Nearshore  HIW30015 Chl. a List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new 
data indicates that applicable WQS are 
not being attained, resulting in a 
category change from 3 to 5. 

Kekaha Beach Co Park HI530569 Chl. a List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new 
data indicates that applicable WQS are 
not being attained, resulting in a 
category change from 3 to 5. 

Nawiliwili Bay (Kalapaki 
Beach) HIW00114 Enterococci List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new 
data indicates that applicable WQS are 
not being attained, resulting in a 
category change from 2 to 5. 

Nawiliwili Nearshore HIW300255 Enterococci List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new 
data indicates that applicable WQS are 
not being attained, resulting in a 
category change from 2 to 5. 

Salt Pond Beach Co. 
Park HI701008 Chl. a List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new 
data indicates that applicable WQS are 
not being attained, resulting in a 
category change from 2 to 5. 
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Table 9. Kauai Category Changes 

Scope of Assessment Water Body ID Parameter Decision Action Summary 
Rationale Reason for Change 

Waikomo Nearshore HIW30029 

TN List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new 
data indicates that applicable WQS are 
not being attained, resulting in a 
category change from 2 to 5. 

Chl. a List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new 
data indicates that applicable WQS are 
not being attained, resulting in a 
category change from 3 to 5. 

Wailua (Open Coastal) HIW00215 

NO3+NO2 Delist Parameter NND, DL 

ASSIGN cat. 2; Assessment of new 
data indicates that applicable WQS are 
being attained, resulting in category 
change from 5 to 2. 

NH4  Delist Parameter NND, DL 

 ASSIGN cat. 2; Assessment of new 
data indicates that applicable WQS are 
being attained, resulting in category 
change from 5 to 2. 

Turbidity Delist Parameter NND, DL 

 ASSIGN cat. 2; Assessment of new 
data indicates that applicable WQS are 
being attained, resulting in category 
change from 5 to 2. 

Chl. a List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new 
data indicates that applicable WQS are 
not being attained, resulting in a 
category change from 2 to 5. 

Pacific Missile Range 
Facility HI176480 NH4 Delist Parameter DL 

ASSIGN cat. 2; Applicable water 
quality standard attained, original basis 
for listing was incorrect 

Category changes from the 2024 listed marine water bodies that identify parameter where a change has occurred (e.g., new impartment listing, delisting, etc.). parameter: 
Enterococci; TN=total nitrogen, TDN=total dissolved nitrogen, NO3+NO2=nitrate+nitrite-nitrogen, NH4=ammonia-nitrogen, TP=total phosphorus, PO4=orthophosphate, 
turbidity, Chl a=chlorophyll a. Summary rationale codes: NND=new numerical data, NL=new impairment listing (assign category 5), DL=delisting,  
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Table 10. Oahu Category Changes 
Scope of 

Assessment 
Scope of 

Assessment 
Scope of 

Assessment 
Scope of 

Assessment 
Scope of 

Assessment Scope of Assessment 

Ala Moana Beach 
(Ewa) HI473893 Turbidity List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
3 to 5.  

Ewa Beach (Open 
Coastal) HIW00189 Enterococci Delist parameter NND, DL 

ASSIGN cat. 2; Assessment of new data 
indicates that applicable WQS are being 
attained, resulting in category change from 5 
to 2. 

Hahaione Nearshore HIW10004 Turbidity List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
3 to 5.  

Kamaileunu 
Nearshore HIW10020 Enterococci List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
3 to 5.  

Kuliouou Nearshore HIW10035 Enterococci List Parameter NND, NL 
ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
3 to 5.  

Loko Ea HIW10037 Enterococci List Parameter NND, NL 
ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
2 to 5.  

Maipalaoa Beach 
Park HI280966 Enterococci List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
2 to 5. 

Mamala Bay (Sand 
Island Offshore) HIW00014 NH4 List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
2 to 5.  
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Table 10. Oahu Category Changes 

Scope of 
Assessment 

Scope of 
Assessment 

Scope of 
Assessment 

Scope of 
Assessment 

Scope of 
Assessment Scope of Assessment 

Mauna Lahilahi 
Beach HI639551 Enterococci List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
2 to 5.  

 Maunalua Beach 
Park HI430267 Turbidity List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
3 to 5.  

Pokai Bay (Open 
Coastal) HIW00018 

Chl. a List Parameter NND, NL 
ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
2 to 5.  

Turbidity Delist Parameter NND, DL 
ASSIGN cat. 2; Assessment of new data 
indicates that applicable WQS are being 
attained, resulting in category change from 5 
to 2. 

Pounders Beach HI587568 Turbidity List Parameter NND, NL 
ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
3 to 5.  

Pupukea Beach Co. 
Park HI193495 Enterococci List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
2 to 5.  

Wailupe Beach Park HI432476 Enterococci List Parameter NND, NL 
ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
3 to 5.  

Category changes from the 2024 listed marine water bodies that identify parameter where a change has occurred (e.g., new impartment listing, delisting, etc.). Parameter: 
Enterococci; TN=total nitrogen, TDN=total dissolved nitrogen, NO3+NO2=nitrate+nitrite-nitrogen, NH4=ammonia-nitrogen, TP=total phosphorus, PO4=orthophosphate, 
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turbidity, Chl a=chlorophyll a. Summary rationale codes: NND=new numerical data, NL=new impairment listing (assign category 5), DL=delisting, A2=assign category 2 
(category change from 3 to 2). TBD=to be determined. EPA=Added by EPA 
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Table 11. Maui Category Changes 
Scope of 

Assessment Water Body ID Parameter Decision Action Summary 
Rationale Reason for Change 

Hanaka’o’o Beach 
Co Park HI797917 TN List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not 
being attained, resulting in a category 
change from 3 to 5. 

Honokahua 
Nearshore 
 

HIW20003 
 

NO3+NO2 Delist Parameter NND, DL 

ASSIGN cat. 2; Assessment of new data 
indicates that applicable WQS are being 
attained, resulting in category change 
from 5 to 2. 

NH4 Delist Parameter NND, DL 

ASSIGN cat. 2; Assessment of new data 
indicates that applicable WQS are being 
attained, resulting in category change 
from 5 to 2. 

Kahana Nearshore HIW20008 TP Delist Parameter NND, DL 

ASSIGN cat. 2; Assessment of new data 
indicates that applicable WQS are being 
attained, resulting in category change 
from 5 to 2. 

Kahoma Nearshore 
 

HIW20009 
 

NH4 List Parameter NND,NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not 
being attained, resulting in a category 
change from 2 to 5.  

Chl. a List Parameter NND,NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not 
being attained, resulting in a category 
change from 3 to 5.  

Kapoli Beach Co. 
Park HI599968 TN Delist Parameter NND, DL 

ASSIGN cat. 2; Assessment of new data 
indicates that applicable WQS are being 
attained, resulting in category change 
from 5 to 2. 

Pohakea Nearshore HIW20020 Enterococci Delist Parameter NND, DL 

ASSIGN cat. 2; Assessment of new data 
indicates that applicable WQS are being 
attained, resulting in category change 
from 5 to 2.  
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Table 11. Maui Category Changes 

Scope of 
Assessment Water Body ID Parameter Decision Action Summary 

Rationale Reason for Change 

Wahikuli Nearshore HIW20023 NH4 List Parameter NND,NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not 
being attained, resulting in a category 
change from 2 to 5.  

Waikapu Nearshore HIW20026 NO3+NO2 Delist Parameter NND, DL 

ASSIGN cat. 2; Assessment of new data 
indicates that applicable WQS are being 
attained, resulting in category change 
from 5 to 2. 

Wailea Nearshore HIW20027 TP List Parameter NND,NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not 
being attained, resulting in a category 
change from 3 to 5.  

West Maui Coast-
Kahana Village HIW00076 NH4 List Parameter NND,NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not 
being attained, resulting in a category 
change from 2 to 5.  

Category changes from the 2024 listed marine water bodies that identify Parameters where a change has occurred (e.g., new impartment listing, delisting, etc.). Parameters: 
Enterococci; TN=total nitrogen, TDN=total dissolved nitrogen, NO3+NO2=nitrate+nitrite-nitrogen, NH4=ammonia-nitrogen, TP=total phosphorus, PO4=orthophosphate, 
turbidity, Chl a=chlorophyll a. Summary rationale codes: NND=new numerical data, NL=new impairment listing (assign category 5), DL=delisting, A2=assign category 2 
(category change from 3 to 2). TBD=to be determined.  
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Table 12. Lanai Category Changes 
Scope of 

Assessment Water Body ID Parameter Decision Action Summary 
Rationale Reason for Change 

Anapuka 
Nearshore HIW50001 

Turbidity List Parameter NND,NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
3 to 5.  

Chl. a List Parameter NND,NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
3 to 5. 

Kaluakoi Point to 
Huawai Bay HIW00135 

Turbidity List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
2 to 5. 

Chl. a List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new data 
indicates that applicable WQS are not being 
attained, resulting in a category change from 
2 to 5. 

Category changes from the 2024 listed marine water bodies that identify parameters where a change has occurred (e.g., new impartment listing, delisting, etc.). Parameters: 
Enterococci; TN=total nitrogen, TDN=total dissolved nitrogen, NO3+NO2=nitrate+nitrite-nitrogen, NH4=ammonia-nitrogen, TP=total phosphorus, PO4=orthophosphate, 
turbidity, Chl a=chlorophyll a. Summary rationale codes: NND=new numerical data, NL=new impairment listing (assign category 5), DL=delisting, A2=assign category 2 
(category change from 3 to 2). TBD=to be determined.  
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Table 13. Hawaii Island Category Changes 

Scope of 
Assessment Water Body ID Parameter Decision Action  Summary 

Rationale Reason for Change 

Keahole Point HIW00203 NH4 Delist Parameter NND, DL 

ASSIGN cat. 2; Assessment 
of new data indicates that 
applicable WQS are being 
attained, resulting in category 
change from 5 to 2. 

Keahole 
Nearshore HIW40008 NO3+NO2 List Parameter NND, NL 

ASSIGN cat. 5; Assessment 
of new data indicates that 
applicable WQS are not being 
attained, resulting in a 
category change from 2 to 5.  

Kona Dog Beach HIW00226 Turbidity List Parameter NND, NL 

 ASSIGN cat. 5; Assessment 
of new data indicates that 
applicable WQS are not being 
attained, resulting in a 
category change from 3 to 5. 

Pine Trees-
Honokohau HIW00146 

NO3+NO2 List Parameter NND, NL 

 ASSIGN cat. 5; Assessment 
of new data indicates that 
applicable WQS are not being 
attained, resulting in a 
category change from 2 to 5. 

NH4 List Parameter NND, NL 

 ASSIGN cat. 5; Assessment 
of new data indicates that 
applicable WQS are not being 
attained, resulting in a 
category change from 2 to 5. 

Puako Bay HIW00033 Turbidity List Parameter NND, NL 

ASSIGN cat. 5; Assessment 
of new data indicates that 
applicable WQS are not being 
attained, resulting in a 
category change from 3 to 5.  
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Table 13. Hawaii Island Category Changes 

Scope of 
Assessment Water Body ID Parameter Decision Action Summary 

Rationale Reason for Change 

Wawaloli Beach HI643938 

NO3+NO2 List Parameter NND, NL 

ASSIGN cat. 5; Assessment 
of new data indicates that 
applicable WQS are not being 
attained, resulting in a 
category change from 2 to 5. 

PO4 Delist Parameter NND, DL 

ASSIGN cat. 2; Assessment 
of new data indicates that 
applicable WQS are being 
attained, resulting in category 
change from 5 to 2. 

Waiola Nearshore 
Coastal HIW40025 TP List Parameter NND, NL 

ASSIGN cat. 5; Assessment 
of new data indicates that 
applicable WQS are not being 
attained, resulting in a 
category change from 2 to 5.  

Category changes from the 2024 listed marine water bodies that identify parameters where a change has occurred (e.g., new impartment listing, delisting, etc.). Parameters: 
Enterococci; TN=total nitrogen, TDN=total dissolved nitrogen, NO3+NO2=nitrate+nitrite-nitrogen, NH4=ammonia-nitrogen, TP=total phosphorus, PO4=orthophosphate, 
turbidity, Chl a=chlorophyll a. Summary rationale codes: NND=new numerical data, NL=new impairment listing (assign category 5), DL=delisting, A2=assign category 2 
(category change from 3 to 2). TBD=to be determined. EPA=Added by EPA 

122



CHAPTER 3: INLAND WATERS 
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PART A. Scope of Waters 

Chapter 3 of the 2024IR covers all inland waters. Assessment units for the 2024 IR remain the 
same as in previous IRs. Inland waters are classified by type according to the HAR §11-54-2(b). 

A.1. Assessment Unit
The basic (Tier I) assessment unit for the State’s inland freshwaters is the entire network of
hydrologically connected freshwater segments associated with a single listed stream, stream
segment, or stream tributary. These freshwater segments and AUs can include one or more water
body type as defined by HAR §11-54-2(b), including, but not limited to, intermittent streams,
reservoirs, and wetlands (Table 14).

Table 14. Applicable water quality criteria and decision unit boundaries for inland water bodies. 

Water Body Type1 Applicable Water Quality Criteria2 Decision Unit Boundary3

Flowing Seep Basic/Recreational Flowpath/Flow Surface 
Flowing Spring Basic/Recreational Flowpath/Flow Surface 
Elevated Wetland Basic/Recreational/only pH 1987 Corps Delineation4 

Low Wetland Basic/Recreational 1987 Corps Delineation4 

Intermittent Stream Basic/Recreational/Stream Water 
Column/Stream Bottom 

Entire Network or 
Sub-network5

Perennial Stream Basic/Recreational/Stream Water 
Column/Stream Bottom 

Entire Network or 
Sub-network5

Natural Freshwater Lake Basic/Recreational Lake 
Freshwater Impoundment6 Basic/Recreational Impoundment 
Reservoir Basic/Recreational Reservoir 
Ditch Basic/Recreational Ditch 
Flume Basic/Recreational Flume 
Drainage Ditch7 Basic/Recreational Drainage Ditch 
Canal7 Basic/Recreational Canal 

Estuary Basic/Recreational/Estuary or Pearl Harbor 
Water Column/Bottom 

Entire Network or 
Sub-network5 

1HAR §11-54-2(b) inland water water body types; these definitions are applied to the definition of decision units. 2HAR §11-54-4 
basic water quality criteria applicable to all waters; HAR §11-54-8 specific criteria for inland recreational waters; HAR §11-54-
5.2(b) specific criteria for stream water column; HAR Ch. 11-54-5.2(b)(1) bottom criteria for streams; HAR Ch. 11-54-5.2(c) 
specific criteria for elevated wetlands; HAR §11-54-5.2(d) specific criteria for estuaries. 3HAR §11-54-5.1 establishes a system 
of water body classification and associated designated uses. 4HAR §11-54-1 “...the identification and delineation of wetland 
boundaries shall be done following the procedures described in the U.S. Army Corps of Engineers’ Wetland Delineation Manual 
(USACE 1987).” 5HAR §11-54-1 “Stream system” means the aggregate of water features comprising or associated with a stream, 
including the stream itself and its tributaries, headwaters, ponds, wetlands, and estuary. A stream system is geographically 
delimited by the boundaries of its drainage basin or watershed. For stream attainment decision purposes, "associated" is 
interpreted as "hydrologically connected" and estuaries, ditches, flumes, drainage ditches, and canals are not included in the 
assessment. 6This water body type is not defined by rule but is included in the definition of “Standing waters.” 7This water body 
type is not defined by rule but is included in the definition of “State waters.”
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A.1.1. Tiered Approach
A tiered approach, linked with the assessment decision criteria first adopted in Hawaii’s 2002
§303(d) list of impaired waters, was used in past assessments to refine AUs for inland freshwater
stream networks. Tier I AUs are used for initial attainment decisions as governed by the current
§303(d) listing criteria and for defining the geographic scope of "legacy" listings based on visual
assessments. Tier II AUs encompass segments and partial segments that can be more narrowly
defined and assessed based on existing monitoring locations, data, and boundaries between water
body types, and are used for attainment decisions on a case-by-case basis. Tier III AUs are
established for TMDL development and other intensive monitoring and analysis purposes. Tier
IV AUs are part of Tier III assessment units and defined based on the most detailed assessment
information.

A.1.2. Assessment Unit Rationale and Implementation
HIDOH's current focus on defining AUs for inland freshwaters is based on:

(a) An assumption that streams are the most widespread and important inland
freshwater body type to assess for achieving marine water quality goals;

(b) The lack of numeric water quality standards criteria for conventional chemical
and physical parameters in most other freshwater body types;

(c) The unavailability of a complete water body inventory and present limitations for
monitoring and assessing all water bodies, water quality criteria, and use
attainment within each water body type.

AU boundaries for other inland freshwater body types are defined on a case-by-case basis when 
monitoring data and other assessment information is available, but generally encompass the 
entire water body. 

A.1.3. Application of Criteria to Attainment Decisions
The §303(d) list of impaired waters applies to the entire inland freshwater portion of a stream
system, including all hydrologically connected reaches, unless a case is documented in which
smaller decision units are justified. The same method also applies to other water body types.

The HIDOH recommends non-HIDOH entities conducting similar monitoring, analysis, and 
planning activities to consult with HIDOH about sampling designs and information management 
protocols that will facilitate HIDOH's ability to use secondary data for attainment decisions. The 
entire hydrologic network within a watershed is the largest possible assessment unit for inland 
freshwater bodies, and may include the boundaries of the water body types as defined by HAR 
§11-54-2.

HIDOH encourages monitoring, analysis, and planning activities that acknowledge and consider 
the regulatory boundaries between specific water body types and demonstrate a rationale for 
segmenting each water body into smaller assessment units. The EPA's 2006 IR Guidance (U.S. 
EPA Watershed Branch 2005) provides a summary of factors to consider in developing these 
rationales. 
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PART B. Assessment Methodology 

B.1. Recreational Health and Ecosystem Health Assessment

Standardized criteria enable HIDOH to periodically collect and assess datasets for water body 
evaluations. Datasets and supporting documentation are evaluated against numeric water quality 
criteria, henceforth referred to as WQS, where applicable, for listing/delisting decisions. New, 
readily available data that meet the CWB’s QA/QC and data acceptance requirements are 
considered for assessment in the 2024 IR.  

The WQS described in HAR §11-54 for recreational, nutrient, and water quality indicators in 
inland freshwaters are divided into “wet” (November through April) and “dry” (May through 
October) season criteria.  This is in contrast to the “wet” and “dry” WQS applicable in marine 
waters, which are dependent on the amount of freshwater discharge per shoreline mile. Water 
quality standards for estuaries are not divided into “wet” and “dry” seasons. 

Similar to marine waters, enterococci are the indicators used to evaluate recreational health in 
inland waters, while nutrients (TN, NO₃+NO₂, NH₄, and TP) and water quality field indicators 
(TSS, turbidity, and chlorophyll a) are used to determine ecosystem health. These parameters are 
evaluated for inland waters in the same manner as for marine waters, which is described in 
Chapter 2, Part B. The minimum number of samples required to evaluate inland waters for 
enterococci is the same as required to evaluate marine waters (30 samples per season collected 
over 2 years). The minimum number of samples required to evaluate inland waters for nutrients 
is 30 samples per season over the two-year assessment period. 

Decisions for listing/delisting (§303(d)) parameters for inland waters follow the same protocol as 
marine waters (Figure 1). For the 2024 IR, inland waters follow the same assessment 
methodology as marine waters for recreational and ecosystem health water quality assessment. 
Similar to marine waters, nutrient WQS vary depending on water body type, whereas 
recreational health WQS remain the same for all waters (Table 15).  

Table 15. Applicable water body type and WQS for inland water bodies. 

Water Body 
Type Description Recreational 

WQS Nutrient WQS 

Estuaries As defined in HAR §11-
54-1 HAR §11-54-8 Estuaries, HAR §11-54-5.2(d)(1) 

and (d)(2) for Pearl Harbor 

Streams As defined in HAR §11-
54-1 HAR §11-54-8 Streams, HAR §11-54-5.2(b) 

B.2. Public Health Issues
Leptospirosis Threat
The Leptospiroa bacteria is not included as a specific water quality standard parameter.
However, all inland freshwaters within the State are considered potential sources of
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Leptospirosis infection by the Disease Outbreak Control Division of HIDOH. No direct tests 
have been approved or utilized to ascertain the extent of the public health threat through water 
sampling. Epidemiologic evidence has linked several illness outbreaks to contact with 
freshwater, leading authorities to issue blanket advisories for all inland freshwaters of the State. 
 
Fish Consumption Advisory 
Pearl Harbor and Ala Wai Canal have been identified and posted as areas where fish and 
shellfish should not be consumed. Contamination of fish and shellfish include organochlorine 
pesticides and/or polychlorinated biphenyls and lead. 

B.3. Water Body ID  
Numerous conventions for naming and coding Hawaii’s water bodies and AU boundaries have 
been designed and used over time. Building a comprehensive statewide water body inventory 
that standardizes these conventions for use by HIDOH and others is an ongoing 
intergovernmental resource management task. Geocode ID (or water body identification) for 
inland freshwater assessment units are based on the Hawaii Stream Assessment Coding System 
(Hawaii Cooperative Park Service Unit 1990) with some modifications, as noted in the 2006 IR. 
Similar to marine waters, geocode IDs for inland waters were renamed to water body ID in the 
2016 IR because they serve as an internal unique identifier and do not relate to geospatial 
information. Development of GIS maps for the §303(d) impaired waters list and §305(b) water 
bodies for inland waters will coincide with the development of the standardized assessment 
methodology for inland waters and therefore come at a later date. 

 PART C. Results  

C.1. Inland Waters Assessment Results 
Eight inland freshwater bodies and four estuaries are assessed in this report. These assessed 
inland water bodies are summarized in Tables 16 and 17. A summary of category changes for 
inland waters are located in tables 18 and 19. 

• Waipa Stream  (Kauai) (wet and dry season) 
• Waipa estuary (Kauai) 
• Heeia Estuary (Oahu) 
• Kaelepulu Stream-Kailua Beach (Oahu) 
• Kahaluu Estuary (Oahu) 
• Kalihi Stream (Oahu) (wet and dry season) 
• Kaupuni Stream (Oahu)  
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Table 16. Assessed Inland Water Bodies in the 2024 vs 2022 IR Cycles 

Island 
Total  

Inland AUs 
in 2024 

Inland AUs 
Assessed in 

2024 

% 
Assessed 

Total 
Inland 
AUs in 
2022 

Inland 
AUs 

assessed 
in 2022 

% Assessed 

Kauai 36 2 22% 36 8 6% 
Oahu 72 5 6% 71 4 0% 
Molokai 6 0 0% 6 0 0% 
Lanai -- 0 N/A -- -- N/A 
Maui 50 0 0% 50 0 0% 
Hawaii 40 0 0% 40 0 N/A 
Total 204 7 3% 203 12 6% 

Table 17. New Parameter Listings and Delistings in the 2024 IR cycle vs 2022 cycle 

Island 
2024 New 
Parameter 

Listings 

2022 New 
Parameter 

Listings 

% 
Change 

2024 New 
Parameter 
Delistings 

2022 New 
Parameter 
Delistings 

% 
Change 

Kauai 2 11 -91% 1 2 -50%
Oahu 6 9 -33% 0 3 -100%

Molokai 0 0 N/A 0 0 N/A 
Lanai 0 0 N/A 0 0 N/A 
Maui 0 0 N/A 0 0 N/A 

Hawaii 0 0 N/A 0 0 N/A 
Total 8 20 -60% 1 5 -80%

Streams Wet Season 

Kauai 
Waipa stream was previously assessed in the 2018 IR. At the time it had not attained the 
turbidity standard and was under a TMDL for the parameter. Waipa stream attained the wet 
season turbidity standard based on new numeric data. The stream had not been previously 
assessed for enterococci during the wet season. Using new numerical data, Waipa stream did not 
attain enterococci standards during the wet season and was listed for the parameter. 

Oahu 
Kalihi stream was previously assessed in 2006. It did not attain for TN and NO3+NO2 and 
attained for TP, turbidity, and TSS. Based on new data collected for the Keehi TMDL, turbidity 
was found to not attain stream standards and was listed. Total Nitrogen and NO3+NO2 continued 
to not attain and TP continued to attain based on collected data.  
Kaupuni stream was initially listed as impaired for TN, NO3+NO2, TP, and turbidity based on 
visul assessment in 2006. Based on new data collected for the 2024 IR, TN, NO3+NO2, and TP 
were confirmed to be impaired and remained listed. TSS did meet the stream standards. 
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Streams Dry Season 

Kauai 
Waipa stream was previously assessed in the 2018 IR. At the time it had not attained the 
turbidity standard and was under a TMDL for the parameter. Based on new numeric data, Waipa 
stream met the dry season turbidity standard and was delisted for the parameter.  
Waipa stream had not been previously assessed for enterococci. In the 2024 IR, sufficient data 
was collected and the stream was found to not meet the enterococci standard during the dry 
season and was listed for the parameter.  

Oahu 
Kalihi stream was previously assessed in 2006. At the time, it did not attain the NO3+NO2 and 
turbidity standards. Based on new data collected, Kalihi stream continues to not attain these 
standards and was also newly listed for TN and TP. 
Kaupuni stream was initially listed as impaired for TN, NO3+NO2, TP, and turbidity based on 
visul assessment in 2006. Based on new data collected for the 2024 IR, TN, NO3+NO2, and TP 
were confirmed to be impaired and remained listed. TSS did not meet WQS and was listed this 
cycle. 

Estuaries 

Kauai 
Waipa estuary continues to exceed the enterococci and turbidity estuary standards as in previous 
IRs.     

Oahu 
Based on data collected for the 2024 IR, Kahaluu estuary remains impaired for enterococci. 
Heeia estuary is a new estuary AU created based on data collected for the 2024 IR. Data 
indicates that the estuary does not meet the enterococci standard and was listed as impaired.  
Kaelepulu Stream-Kailua Beach was first listed in 2008 for Enterococci, TN, TP, Turbidity, and 
Chl. a. Due to not meeting salinity requirements for streams, data previously used to assess 
Kaelepulu stream was reattributed to Kaelepulu Stream-Kailua Beach.  This data reconfirmed 
TN, TP, turbidity, and Chl. a impairments. The data also showed that the estuary was impaired 
for NO3+NO2 and NH4 and was subsequently listed. Enterococci data collected this cycle 
showed that the estuary is still impaired for the parameter.  
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Table 18. Kauai Category Changes 
Scope of 

Assessment 
Scope of 

Assessment 
Scope of 

Assessment 
Scope of 

Assessment 
Scope of 

Assessment 
Scope of Assessment 

Waipa Stream 
(dry) 
 

2-1-17 

Enterococci List Parameter NND, NL 
ASSIGN cat. 5; Assessment of new data indicates 
that applicable WQS are not being attained, 
resulting in a category change from 3 to 5. 

Turbidity Delist Parameter NND, DL 
ASSIGN cat. 2; Assessment of new data indicates 
that applicable WQS are being attained, resulting 
in category change from 5 to 2. 

Waipa stream 
(wet) 
 

2-1-17 
 

Enterococci List Parameter NND, NL 
ASSIGN cat. 5; Assessment of new data indicates 
that applicable WQS are not being attained, 
resulting in a category change from 3 to 5. 

Turbidity Delist Parameter NND, DL 
ASSIGN cat. 2; Assessment of new data indicates 
that applicable WQS are being attained, resulting 
in category change from 5 to 2. 

Category changes from the 2024 listed marine water bodies that identify parameters where a change has occurred (e.g., new impartment listing, delisting, etc.). Parameters: 
Enterococci; TN=total nitrogen, TDN=total dissolved nitrogen, NO3+NO2=nitrate+nitrite-nitrogen, NH4=ammonia-nitrogen, TP=total phosphorus, PO4=orthophosphate, turbidity, 
Chl a=chlorophyll a. Summary rationale codes: NND=new numerical data, NL=new impairment listing (assign category 5), DL=delisting, A2=assign category 2 (category change 
from 3 to 2).  
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Table 19. Oahu Category Changes 
Scope of 

Assessment 
Water 

Body ID Parameter Decision Action Summary 
rationale Reason for change 

Heeia 
Estuary 3-2-08-E Enterococci List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new data indicates that 
applicable WQS are not being attained, resulting in a category 
change from 3 to 5. 

Kalihi 
(Dry) 3-3-11 

TN List Parameter NND, NL 
ASSIGN cat. 5; Assessment of new data indicates that 
applicable WQS are not being attained, resulting in a category 
change from 3 to 5. 

TP List Parameter NND, NL 
ASSIGN cat. 5; Assessment of new data indicates that 
applicable WQS are not being attained, resulting in a category 
change from 2 to 5. 

Kalihi 
(Wet) 3-3-11 Turbidity List Parameter NND, NL 

ASSIGN cat. 5; Assessment of new data indicates that 
applicable WQS are not being attained, resulting in a category 
change from 3 to 5. 

Kaelepulu 
Stream-
Kailua 
Beach 

HIW00182 

NO3+NO2 List Parameter NND, NL 
ASSIGN cat. 5; Assessment of new data indicates that 
applicable WQS are not being attained, resulting in a category 
change from 3 to 5. 

NH4 List Parameter NND, NL 
ASSIGN cat. 5; Assessment of new data indicates that 
applicable WQS are not being attained, resulting in a category 
change from 3 to 5. 

Category changes from the 2024 listed marine water bodies that identify parameters where a change has occurred (e.g., new impartment listing, delisting, etc.). Parameters: 
Enterococci; TN=total nitrogen, TDN=total dissolved nitrogen, NO3+NO2=nitrate+nitrite-nitrogen, NH4=ammonia-nitrogen, TP=total phosphorus, PO4=orthophosphate, turbidity, 
Chl a=chlorophyll a. Summary rationale codes: NND=new numerical data, NL=new impairment listing (assign category 5), DL=delisting, A2=assign category 2 (category change 
from 3 to 2).  
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APPENDIX A: Data Sources 
City and County of Honolulu (CCH) 
The CCH collects enterococci, nutrient, and water quality indictor (turbidity, TSS and chlorophyll a) samples 
from shoreline, near shore, and offshore locations on Oahu as part of their NPDES permit requirements for 
wastewater treatment plants (WWTP). Enterococci, nutrient, and water quality indicator data collected from 
control stations located in receiving water bodies on Oahu between November 1, 2021 and Septmeber 30, 2023 
are included in the 2024 IR assessment. The WWTPs are located in Waianae, Honouliuli, Sand Island, and 
Kailua (Mokapu).  
 
Clean Water Branch  
The CWB collects statewide shoreline enterococci and other water quality indicator (turbidity, TSS, and 
chlorophyll a) samples as part of EPA's BEACH program. In addition, CWB routinely collects shoreline 
samples for chemical nutrients from various sites statewide Shoreline data collected between November 1, 2021 
and September 30, 2023 on Kauai, Maui, Oahu, and Hawaii were included in the 2024 IR assessment. Sufficient 
shoreline data was not collected by CWB on Lanai and Molokai within that timeframe. The CWB monitoring 
and analysis section QA/QC is governed by the CWB Beach Monitoring and Coastal Chemistry Monitoring 
QAPP. 
 
 
Discharge Monitoring Reports (DMRs) 
NPDES permitted facilities throughout the State (e.g. Sunrise Capital, Port Allen Generating Station, Wailua 
WWTP, Par Hawaii Refinery, East Honolulu WWTP, HECO, Kahului Generating Station, Kulaimano WWTP, 
Papaikou-Paukaa WWTP, Hilo WWTP, and Keahole Point Fish) are required to monitor and submit 
enterococci, nutrient, and water quality indicator (turbidity and chlorophyll a) data via DMRs. Water quality 
data collected from control stations in receiving water bodies on Kauai, Maui, Oahu, and Hawaii between 
November 1, 2021 and Septmeber 30, 2023 are included in the 2024 IR assessment. DMRs help provide 
additional water quality information to the monitoring and analysis program to ensure that Hawaii’s water 
resources are protected and restored.  
 
Hui O Ka Wai Ola  
Hui O Ka Wai Ola is a non-profit organization whose goal is to increase the capacity for monitoring water 
quality in Maui coastal waters. The organization collects nutrient and water quality indicator (turbidity) data 
from the Maui shoreline. Data collected between November 1, 2021 and September 30, 2023 were used in the 
2024 IR assessment. The monitoring program was developed with assistance from the CWB to ensure that data 
collected will meet quality assurance and quality control parameters acceptable to the CWB.  
 
Marine Research Consultants (MRC) 
MRC is a private research company headed by Steve Dollar, PhD. MRC collects nutrient and water quality 
indicator (turbidity and chlorophyll a) samples to characterize coastal water quality (according to HAR §11-54-
6), for Hulopoe Bay on Lanai. All data collected between November 1, 2021 and September 30, 2023 follow a 
prepared sampling methodology and documented analysis methodology as described in 40 CFR §136.3. In 
2018, MRC changed labs from Marine Analytical Specialists to Marine Consulting and Analytical Resources, 
LLC.  
 
Natural Energy Laboratory of Hawaii Authority (NELHA) 
NELHA is a state operated facility under the Department of Business, Economic Development, and Tourism 
that provides the CWB with nutrient and water quality indicator (turbidity and chlorophyll a) data via their 
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Annual Comprehensive Environmental Monitoring Report. The monitoring efforts fulfill regulatory 
requirements to ensure the protection of Keahole Point’s environmental resources on Hawaii. The data collected 
between November 1, 2021 and September 30, 2023 were used in the 2024 IR assessment.  NEHLA has 
implemented the standard sampling procedure and analytical protocol of HAR §11-54-10 for its quarterly ocean 
transect sampling program. The NELHA Water Quality Laboratory follows Standard Methods for the 
Examination of Water and Wastewater 22nd Edition (2012) and EPA test methods for its analytical procedures. 
They were also contracted to perform nutrient and water quality indicator analyses for the CWB.  

Pacific Islands Ocean Observing System (PacIOOS) 
PacIOOS is a part of the United States Integrated Ocean Observing System and is based out of the University of 
Hawaii at Manoa (UHM). PacIOOS monitors for temperature, salinity, turbidity, and chlorophyll a in nearshore 
waters across the state. They also maintain sensors in various territories and countries across the Pacific. Data 
collected from November 1, 2021 to September 30, 2023 were used in the 2024 IR. 

Surfrider Foundation Blue Water Task Force 
The Blue Water Task Force is a program under the Surfrider Foundation that monitors bacteria levels in coastal 
and freshwater waterbodies across the nation. Data was retrieved from the Oahu and Kauai chapters. Data 
collected from November 1, 2021 to September 30, 2023 was considered for assessment in the 2024 IR. 

Waimea Water Services 
Waimea Water Services is a company on Hawaii Island and took over monitoring projects from Richard Brock, 
PhD, in 2019. Waimea Water Services collects nutrient and water quality indicator (turbidity and chlorophyll a) 
samples for the western Kona coast of Hawaii. 

Water Resources Research Center  
WRRC is an affiliate of the UHM and was contracted by CWB in January of 2020 as a second laboratory to 
provide enterococci data in conjunction with SLD. Data collected between November 1, 2021 and September 
30, 2023 was used in the 2024 IR assessment.  
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APPENDIX B: §305(b) Assessment of State Waters 
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Legend for Inland Waters        
Scope of Assessment:  EN = Entire network; EE = Entire estuary; ER = Entire reservoir; EW = Entire wetland; EL = Entire lake; E = Estuary 
Water Body Type:  P = Pearl Harbor 
 
Legend for Marine Waters 
Water Body Type:  B = Embayment; C = Open coastal; O = Oceanic; K = Kona marine waters 
 
Legend for Inland or Marine Waters 
Decision Codes:  - = Insufficient data; A = Attained; Ac = Attained (with combined seasonal data); N = Not attained; Nc – Not attained (with combined seasonal data); 
N1 = Not attained (2x the standard); N1c = Not attained (with combined data, 2x the standard); V = Visual listing from 2001-2004; Y = Previous listing from 1998 or 
earlier; NA = Not applicable; Subscript T denotes TMDL approved for parameter 
Category:  1 = All uses attained; 2 = Some uses attained; 3 = Not enough data to evaluate; 4a = Not attained but TMDL approved; 5 = At least one use not attained, 
TMDL needed 
N = Gray shading denotes assessment confirmed with new data 
N = Bold, italicized, underlined and shaded notations denote change from previous list 
Beach = Red shading denotes disappearance of sample location due to volcanic activity 
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Table 1. KAUAI Inland Waters 

Assessed Water 
Body 

Water 
Body Type 

Scope of 
Assessment 

Water Body 
ID Season 

E
nt
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ci
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3+
N
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T
P  

T
ur

bi
di

ty
 

T
SS

 

Other 
Parameters Category 

Aakukui Stream EN 2-4-02  - - - - - -  3 
Aliomanu Stream EN 2-1-36  - - - - - -  3 
Anahola Stream EN 2-2-01 Dry N Ac A A N A  2,3,5 
Anahola Stream EN 2-2-01 Wet N Ac Ac Ac N Ac  2,3,5 
Black Pot Beach Park Estuary EE HI891354 NA - - - - - NA NH4 (-) 

 Chl a(-) 
3 

Hanakapiai Stream EN 2-1-10  - - - - - -  3 
Hanalei Stream EN 2-1-19 Dry NТ A A N AT AT  2,4a,5 
Hanalei Stream EN 2-1-19 Wet NT A A A AT AT  2,4a 
Hanalei Bay 
upstream of Dolphin 

Estuary EE HIW00160 NA -T - - - NT NA NH4 (-) 
Chl a (-) 

3,4a 

Hanalei River (End 
of Weke Road) 

Estuary EE HI385259 NA NT A A N NT NA NH4(N) 
 Chl a(A) 

2,4a,5 

Hanamaulu Stream EN 2-2-12 Dry - - - - N -  3,5 
Hanamaulu Stream EN 2-2-12 Wet - - - - N -  3,5 
Hanapepe Stream EN 2-3-07 Dry - A A A N A  2,3,5 
Hanapepe Stream EN 2-3-07 Wet - Ac Ac Ac V Ac  2,3,5 
Huleia Stream EN 2-2-15 Dry NT NT NT AT VT AT  4a 
Huleia Stream EN 2-2-15 Wet NT AT AT AT AT AT  4a 
Kalihiwai Stream EN 2-1-25 Wet N - - - - -  3,5 
Kalihiwai Stream EN 2-1-25 Dry N - - - - -  3,5 
Kapaa Stream EN 2-2-04 Dry - A A A N A  2,3,5 
Kapaa Stream EN 2-2-04 Wet - A A A N A  2,3,5 
Kilauea Stream EN 2-1-28 Dry - A A A N A  2,3,5 
Kilauea Stream EN 2-1-28 Wet - Ac Ac Ac N Ac  2,3,5 
Kipu Stream EN 2-3-01  - - - - - -  3 
Lawai Stream EN 2-3-04 Dry - N N A N A  2,3,5 
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Table 1. KAUAI Inland Waters 

Assessed Water 
Body 

Water 
Body Type 

Scope of 
Assessment 

Water Body 
ID Season 

E
nt
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T
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T
SS

 

Other 
Parameters Category 

Lawai Stream EN 2-3-04 Wet - Ac Ac Ac N Ac 2,3,5 
Limahuli Stream EN 2-1-12 Dry - A N A - A 2,3,5 
Limahuli Stream EN 2-1-12 Wet - - - - Ac - 2,3 
Lumahai Stream EN 2-1-15 - - - - - - 3 
Mahinauli Stream EN 2-4-01 - - - - - - 3 
Manoa Stream EN 2-1-13 Dry - Ac Ac Ac N1 Ac 2,3,5 
Manoa Stream EN 2-1-13 Wet - Ac Ac Ac Nc Ac 2,3,5 
Moloaa Stream EN 2-1-34 Dry N A A A N A 2,3,5 
Moloaa Stream EN 2-1-34 Wet N - - - N - 3,5 
Nawiliwili Stream EN 2-2-13 Dry NT NT NT AT VT AT 4a 
Nawiliwili Stream EN 2-2-13 Wet NT NT NT AT AT AT 4a 
Papaa Stream EN 2-1-35 Dry - N1 N1 Ac N1 Ac 2,3,5 
Papaa Stream EN 2-1-35 Wet - - - - - - 3 
Papakolea Stream EN 2-2-16 Dry NT NT NT NT NT NT 4a 
Papakolea Stream EN 2-2-16 Wet NT NT NT NT NT NT 4a 
Puali Stream EN 2-2-14 Dry NT NT NT AT N1T AT 4a 
Puali Stream EN 2-2-14 Wet NT NcT N1T AcT NcT AcT 4a 
Uhelekawawa Stream EN 2-2-

Uhelekawawa 
- - - - V - 3,5 

Wahiawa Stream EN 2-3-06 Dry - N1 N1 A N1 A 2,3,5 
Wahiawa Stream EN 2-3-06 Wet - Nc Nc Ac Nc Ac 2,3,5 
Waikoko Estuary EE HIW00162 NA N N N N NT NA NH4(N) 

Chl a(A) 
2,4a,5 

Waikomo Stream EN 2-3-02 Dry - Nc N1 Ac N1 Ac 2,3,5 
Waikomo Stream EN 2-3-02 Wet - Nc Nc Ac Nc Ac 2,3,5 
Wailua Stream EN 2-2-08 Dry N Ac Ac Ac N Ac 2,3,5 
Wailua Stream EN 2-2-08 Wet N - - - - - 3,5 
Waimea Stream EN 2-4-04 Dry - A A N N A 2,3,5 
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Table 1. KAUAI Inland Waters 

Assessed Water 
Body 

Water 
Body Type 

Scope of 
Assessment 

Water Body 
ID Season 
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Other 
Parameters Category 

Waimea Stream EN 2-4-04 Wet - Ac Ac Ac V Ac 2,3,5 
Waimea Estuary EE 2-4-04-E NA - - - - V NA 3,5 
Wainiha Stream EN 2-1-14 Dry - Ac Ac Ac Ac Ac 2,3 
Wainiha Stream EN 2-1-14 Wet - Ac Ac Ac Ac Ac 2,3 
Waioli Estuary EE HIW00163 NA N A N N NT NA NH4(N) 

Chl a(A) 
2,4a,5 

Waioli Stream EN 2-1-18 Dry N N A A N A 2,5 
Waioli Stream EN 2-1-18 Wet N A A A N - 2,3,5 
Waiopili Stream EN 2-3-99 Dry - - - - - - 3 
Waiopili Stream EN 2-3-99 Wet N - - - N - 3,5 
Waipa Estuary EE HIW00164 NA N A A A NT NA NH4(A) 

Chl a(A) 
2,4a,5 

Waipa Stream EN 2-1-17 Dry N A A A AT AT 2,3,4a 

Waipa 
Stream EN 2-1-17 Wet N - - - AT - 2,3,5 
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Table 2. KAUAI Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshrore assessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 

*Nearshore Assessment Unit with
Individual Water Bodies 

Water 
Body Type 

Water 
Body ID 

Wet/Dry 
Criteria 
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Other Parameters Category 

AAKUKUI NEARSHORE C HIW30001 Wet A - - - - N - 2,3,5 
*Pakala (Makaweli) C HI468251 Wet A - - - - N - 2,3,5 
AEPO NEARSHORE B HIW30002 Dry A - - - - N - 2,3,5 
*Kukuiula Bay B HI619039 Dry A - - - - N - 2,3,5 
AEPO NEARSHORE C HIW30003 Dry - - - - - - - 3 
*Spouting Horn Beach Co. Park C HI951651 Dry - - - - - - - 3 
ANAHOLA NEARSHORE C HIW30004 Wet A A - - A N N 2,3,5 
*Anahola Beach Park C HI823433 Wet A A - - A N N 2,3,5 
HANALEI NEARSHORE B HIW30005 Wet AT A N N A NT N 2,4a,5 
*Hanalei Bay (Landing) B HIW00093 Wet NT - - - - NT - 3,4a 
*Hanalei Bay (Pavilion) B HIW00092 Wet AT A N N A NT N 2,4a,5 
HANAMAULU NEARSHORE B HIW30006 Wet - - - - - - - 3 
*Hanama'ulu Bay (Beach) B HIW00094 Wet N - - - - N - 3,5 
HANAPEPE NEARSHORE B HIW30007 Wet - A A N A N A 2,3,5 
*Port Allen Boat Harbor (Port Allen
Pier)

B HIW00026 Wet - A A N A N A 2,3,5 

Port Allen Boat Harbor B HIW00120 Wet - - - - - - - 3 
HOEA NEARSHORE C HIW30008 Dry A A - - A N N 2,3,5 
Kekaha Beach Co. Park C HI530569 Dry A A - - A N N 2,3,5 
KALIHIKAI CENTER 
NEARSHORE 

C HIW30009 Wet N - - - - N - 3,5 

*Anini Beach Park C HI418744 Wet N - - - - N - 3,5 
KALIHIKAI WEST NEARSHORE C HIW30010 Wet A - - - - N - 2,3,5 
*Anini Beach C HI338804 Wet A - - - - N - 2,3,5 
KALIHIWAI NEARSHORE C HIW30011 Wet A - - - - N - Trash (-) 2,3,5 
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Table 2. KAUAI Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 
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*Kalihiwai Bay C HI264001 Wet A - - - - N - Trash (-) 2,3,5 
KAPAA NEARSHORE C HIW30012 Wet A - - - - N - Trash (-) 2,3,5 
*Kealia C HI402035 Wet A - - - - N - Trash (-) 2,3,5 
KAPILIMAO NEARSHORE C HIW30013 Dry A - - - - N -  2,3,5 
*Kikiaola Beach C HI119207 Dry - - - - - - -  3 
KAULAULA NEARSHORE  C HIW30014 Dry - - - - - - -  3 
*Polihale State Park C HI247403 Dry A - - - - N -  2,3,5 
KAUMAKANI NEARSHORE C HIW30015 Wet A A N N A N N  2,5 
*Salt Pond Beach Co. Park C HI701008 Wet A A N N A N N  2,5 
KAWAILOA NEARSHORE  C HIW30016 Wet A A A N A N A Trash (-) 2,5 
*Lydgate Park C HI798758 Wet A A A N A N A Trash (-) 2,5 
*Nukolii Beach Park C HI502794 Wet A - - - - N -  2,3,5 
KIPU KAI NEARSHORE C HIW30017 Dry - - - - - - - Trash (-) 3 
Kipu Kai C HI266627 Dry - - - - - - - Trash (-) 3 

LAWAI NEARSHORE C HIW30018 Wet - - - - - - -  3 
*Lawa'i Kai C HI434882 Wet - - - - - - -  3 
*Palama Beach (Nomilu) C HI665178 Wet - - - - - - -  3 
LIMAHULI NEARSHORE C HIW30019 Wet A - - - - N -  2,3,5 
*Kee Beach C HI124511 Wet A - - - - N -  2,3,5 
LUMAHAI NEARSHORE C HIW30020 Wet - - - - - - - Trash (-) 3 
*Lumaha'i Beach C HI889639 Wet N - - - - N - Trash (-) 3,5 
MAHAULEPU NEARSHORE C HIW30021 Dry A - - - - N - Trash (-) 2,3,5 
*Gillin's Beach C HI976083 Dry - - - - - - - Trash (-) 3 
*Haula Beach C HI277808 Dry - - - - - - -  3 
*Kawailoa Beach C HI698776 Dry - - - - - - -  3 
*Shipwreck Beach C HI358435 Dry A - - - - N -  2,3,5 
MANOA NEARSHORE C HIW30022 Wet A - - - - N -  2,3,5 
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Table 2. KAUAI Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshoreassessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 
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Other Parameters Category 

*Haena Beach Park C HI554189 Wet A - - - - N -  2,3,5 
*Tunnels Beach C HI936087 Wet A - - - - N -  2,3,5 
MOIKEHA NEARSHORE C HIW30023 Wet - - - - - - -  3 
*Kapa'a Beach Co. Park C HI972832 Wet A - - - - N -  2,3,5 
NIU NEARSHORE C HIW30024 Dry - - - - - - -  3 
*Pacific Missile Range 
Facility/Barking Sands Beach 

C HI176480 Dry A A A A A N A  2,5 

NAWILIWILI NEARSHORE B HIW30025 Dry N A N N A N N  2,5 
*Nawiliwili Bay (Kalapaki Beach) B HIW00114 Dry N A N N A N N  2,5 
*Nawiliwili Bay (Nawiliwili Harbor) B HIW00115 Dry A A N N A N N  2,5 
WAHIAWA NEARSHORE C HIW30026 Wet - - - - - - -  3 
*Glass Beach C HI949505 Wet - - - - - - -  3 
WAHIAWA NEARSHORE B HIW30027 Wet - - - - - - -  3 
*Wahiawa Bay B HI179708 Wet - - - - - - -  3 
WAIKAEA NEARSHORE C HIW30028 Wet - - - - - N -  3,5 
*Waipouli Beach C HI682678 Wet A - - - - N -  2,3,5 
WAIKOMO NEARSHORE C HIW30029 Dry A N N N A N N  2,5 
*Beach House Beach C HI156238 Dry A - - - - N -  2,3,5 
*Brennecke Beach C HI166521 Dry A - - - - N -  2,3,5 
*Koloa Landing C HI955435 Dry N - - - - N -  3,5 
*Po'ipu Beach Co. Park C HI396850 Dry A A N N A N A  2,3,5 
*Prince Kuhio Park C HI742228 Dry A - - - - N -  2,3,5 
*Sheraton Beach C HI542569 Dry A - - - - N -  2,3,5 
*Wai'ohai Beach C HI392082 Dry A - - - - N -  2,3,5 
WAILEIA NEARSHORE B HIW30030 Wet - - - - - - -  3 
*Princeville B HI520271 Wet - - - - - - -  3 
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Table 2. KAUAI Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 
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Other Parameters Category 

WAILUA NEARSHORE C HIW30031 Wet A - - - - N -  2,3,5 
*Wailua (Wailua River Station) C HI606168 Wet A - - - - N -  2,3,5 
WAIMEA NEARSHORE C HIW30032 Dry N - - - - N -  3,5 
*Waimea Bay Beach (Near River 
Station) 

C HI862821 Dry N - - - - - -  3,5 

*Waimea Rec. Pier St. Park C HI245235 Dry N - - - - N -  3,5 
WAINIHA NEARSHORE C HIW30033 Wet - - - - - - -  3 
*Kepuhi Beach C HI344813 Wet - - - - - - -  3 
*Wainiha Bay C HI417823 Wet - - - - - - -  3 
WAIOLI NEARSHORE B HIW30034 Wet AT - - - - NT -  2,3,4a 
*Hanalei Bay (Waioli Beach) B HIW00091 Wet AT - - - - NT -  2,3,4a 
WAIPA NEARSHORE B HIW30035 Wet - - - - - - -  3 
*Waikoko Bay B HI330114 Wet - - - - - - -  3 
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Table 3. KAUAI Marine Waters - Not Associated with a Nearshore AU 

Scopes of Assessment Not Associated 
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Aliomanu Beach C HI710019 Wet - - - - - - - 3 
Donkey Park C HI853903 Wet - - - - - - - 3 
Hanakapi'ai Beach C HI797414 Wet - - - - - - - 3 
Hanalei Bay Mooring Station B HIW00157 Wet N - - - - - - 3,4a 
Hanama'ulu Bay B HIW00063 Wet - - - - - N - 3,5 
Hanapepe Bay B HIW00095 Wet - - - - - - - 3 
Hanapepe Bay-from breakwater to shore 
and near shore waters to 30' from Puolo 
Point to Paakehi Point 

B HIW00048 Wet - Y Y - Y - - 3,5 

Kahili Beach C HI533519 Wet - - - - - - - 3 
Kalalau Beach C HI908803 Wet - - - - - - - 3 
Kauapea Beach (Secret Beach) C HI669328 Wet - - - - - - - 3 
Kikiaola Boat Harbor B HIW00112 Dry - - - - - - - 3 
Kipu Kai C HI266627 Wet - - - - - - - 3 
Kukuiula Bay B HIW00113 Dry - - - - - - - 3 
Larsens Beach C HI860960 Wet - - - - - - - 3 
Maha'ulepu Beach C HI533799 Dry - - - - - - - 3 
Mana Point C HIW00184 Dry - N A N A A N 2,3,5 
Miloli'i C HI333210 Dry - - - - - - - 3 
Moloa'a Bay C HI547745 Wet - - - - - - - 3 
Na Pali Coast State Park C HI709808 Wet - - - - - - - 3 
Nawiliwili Bay (Offshore) B HIW00116 Wet - - N N - N N 3,5 
Nawiliwili Bay-from breakwater to shore B HIW00059 Dry - Y Y - Y Y - 3,5 
Nu'alolo C HI945520 Wet - - - - - - - 3 
Pacific Missile Range Facility (Open 
Coastal) 

C HIW00212 Dry - A A A A N N 2,3,5 

Papa'a Bay C HI130639 Wet - - - - - - - 3 
Pila'a Beach C HI363048 Wet - - - - - - - 3 
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Table 3. KAUAI Marine Waters - Not Associated with a Nearshore AU 

Scopes of Assessment Not Associated 
with a Nearshore AU 
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Other 
Parameters Category 

Port Allen C HIW00185 Wet - A A A A - A  2,3 
Wahiawa Bay B HIW00121 Wet - - - - - - -  3 
Waiakalua Iki Beach C HI505816 Wet - - - - - - -  3 
Waiakalua Nui Beach C HI371632 Wet - - - - - - -  3 
Wailua (Open Coastal) C HIW00215 Wet N A A A A A N  2,5 
Waimea Bay Beach-near shore waters to 18' 
from Kekaha Oomano Point-1.5 miles SE of 
Mahinaui Stream 

C HIW00057 Dry - - - - - Y - TSS 3,5 
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Table 4. OAHU Inland Waters 

Assessed Water Body Water Body 
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Ahuimanu Stream EN 3-2-07.03 Wet N - - - N -  3,5 
Ahuimanu Stream EN 3-2-07.03 Dry N - - - N -  3,5 
Aiea Stream EN 3-4-03 Wet - N1c N1c - V - Trash 3,5 
Aiea Stream EN 3-4-03 Dry - N1c N1c - V - Trash 3,5 
Ala Wai Canal & Boat 
Harbor 

Estuary EE HIW00050 NA V VT V VT V NA NH4 (-) Chl a (-), 
Pathogens, Metals, 

TSS (V), 
Organochlorine 
Pesticides, Lead, 

Fish Consumption 
Advisory 

3,4a,5 

Ala Wai Canal & Harbor 
(Canal-Diamond Head 
Stn) 

Estuary EE HIW00085 NA N N - N N NA NH4 (-), Chl a (N) 3,5 

Ala Wai Canal & Harbor 
(Manoa & Palolo KHS 
Stn) 

Estuary EE HIW00036 NA - N - N N NA NH4 (-), Chl a (N) 3,5 

Ala Wai Canal & Harobr 
(Manoa Stream Fork 
Stn) 

Estuary EE HIW00035 NA - N - - N NA NH4 (-), Chl a 
(-), Fecal 

3,5 

Ala Wai Canal & Harbor 
(Manoa-Palolo Stream 
Mouth Stn) 

Estuary EE HIW00087 NA - N - N N NA NH4 (-), Chl a (N) 3,5 

Ala Wai Canal & Harbor 
(McCully Bridge Stn) 

Estuary EE HIW00086 NA N - - - - NA NH4(-) 
Chl a(-) 

3,5 

Ala Wai Canal & Harbor 
(Palolo Stream Fork) 

Estuary EE HIW00034 NA - N - - N NA NH4(-) 
 Chl a(-), Fecal 

3,5 

Anahulu Estuary EE 3-6-08-E  N V V V V -  3,5 
Halawa Stream EN 3-4-02  - V V V V -  3,5 
Hammer Point Estuary (P) EN HIW00188 NA A - - - - NA NH4(-) 

 Chl a(-) 
2,3 
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Heeia Estuary EE 3-2-08-E  N - - - - -  3,5 
Heeia Stream EN 3-2-08 Dry - N N A A A  2,3,5 
Heeia Stream EN 3-2-08 Wet - A A A A A  2,3 
Helemano Stream EN 3-6-07.02  - V V V V -  3,5 
Honouliuli Stream EN 3-4-11  - - - - - -  3 
Iroquois Point Estuary (P) EE HI412839 NA A - - - - NA NH4(-) 

Chl a(-) 
2,3 

Kaaawa Stream EN 3-1-19  - V V V V -  3,5 
Kaalaea Stream EN 3-2-05 Dry - N N A N A  2,3,5 
Kaalaea Stream EN 3-2-05 Wet - N N A A A  2,3,5 
Kaelepulu Stream EN 3-2-14  - V V V V -  3,5 
Kaelepulu Stream-
Kailua Beach 

Estuary EE HIW00182 NA N N N N N NA NH4(N) 
Chl a(N) 

3,5 

Kahaluu Estuary EE 3-2-07-E  N - - - N -  3,5 
Kahaluu Stream EN 3-2-07.02 Dry N A N A N A  2,5 
Kahaluu Stream EN 3-2-07.02 Wet N - - - A -  2,3,5 
Kahana Stream EN 3-1-18 Dry - A N A N A  2,3,5 
Kahana Stream EN 3-1-18 Wet - Ac Ac Ac Ac Ac  2,3 
Kahawainui Stream EN 3-1-07  - V V V V -  3,5 
Kaipapau Stream EN 3-1-10  - - - - - -  3 
Kalauao Stream EN 3-4-04-01 Dry - N1 N1 - N -  3,5 
Kalauao Stream EN 3-4-04-01 Wet - N N - Ac -  2,3,5 
Kalihi Stream EN 3-3-11 Dry - N N N N A Trash 2,3,5 
Kalihi Stream EN 3-3-11 Wet - N N A N A Trash 2,3,5 
Kaluanui Stream EN 3-1-13  - - - - - -  3 
Kamooalii (Trib to 
Kaneohe Stream) 

Stream Kamooalii 
Trib 

3-2-10.01 Dry - VT V VT N -  3,4a 

Kamooalii (Trib to 
Kaneohe Stream) 

Stream Kamooalii 
Trib 

3-2-10.01 Wet - VT V VT - -  3,4a 

Kaneohe Stream EN 3-2-10 Dry - VT VT VT NT -T Dieldrin 3,4a,5 
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Kaneohe Stream EN 3-2-10 Wet - VT VT VT NT -T Dieldrin 3,4a,5 
Kapaa Stream EN 3-2-13-

Kapaa
- VT V VT V VT Metals, Lead 3,4a,5 

Kapakahi Stream EN 3-4-
Kapakahi 

Wet - N N N - - Trash 3,5 

Kapakahi Stream EN 3-4-
Kapakahi 

Dry - - - - V - Trash 3,5 

Kapalama Stream EN 3-3-10 - V V V V - Trash 3,5 
Kaukonahua Stream EN 3-6-06.02 Dry - N N A N1 A 2,3,5 
Kaukonahua Stream EN 3-6-06.02 Wet - N N A N1 A 2,3,5 
Kaukonahua (N Fork) Stream EN 3-6-06.02.2 - VT A A VT A 2,3,4a 
Kaukonahua (S Fork) Stream EN 3-6-06.02.1 - VT A A VT A 2,3,4a 
Kaupuni Stream EN 3-5-05 Wet - N N N N A Trash 2,3,5 
Kaupuni Stream EN 3-5-05 Dry - N N N N N 3,5 
Kawa Stream EN 3-2-11 - VT V VT V VT 3,4a 
Kawailoa Stream EN 3-6-08.01 - V V V V - 3,5 
Kawainui Stream EN 3-2-13 - - - - - - 3 
Kawainui Marsh Wetland EW 3-2-13-W - - - - - - 3 
Kawela Stream EN 3-1-04 - - - - - - 3 
Keaahala Stream EN 3-2-09 Dry - N N N N A Trash 2,3,5 
Keaahala Stream EN 3-2-09 Wet - N N A A A Trash 2,3,5 
Kiikii Estuary EE 3-6-06-E - - - - - - 3 
Koloa Stream EN 3-1-09 Both - - - - - - 3 
Kuliouou Stream 3-3-03 Dry N - - - - - 3,5 
Kuliouou Stream 3-3-03 Wet N - - - - - 3,5 
Makiki Stream EN ALWS06 Dry - N - N - - 3,5 
Manoa Stream EN 3-3-07.01 - V V V V - Dieldrin, Chlordane 3,5 
Maunawili Stream EN 3-2-13.01 - V V V V - Trash 3,5 
Moanalua Stream EN 3-3-12.01 Dry - Nc Ac Ac N1 Ac Trash 2,3,5 
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Moanalua Stream EN 3-3-12.01 Wet - Nc Ac Ac Ac Ac Trash 2,3,5 
Nuuanu Stream EN 3-3-09 Dry - N N N N N Trash, Dieldrin, 

Chlordane 
3,5 

Nuuanu Stream EN 3-3-09 Wet - N N A N A Trash, Dieldrin, 
Chlordane 

2,3,5 

Opaeula Stream EN 3-6-07.01  - V V V V -  3,5 
Palolo Stream EN 3-3-07.01.1  - - - - - - Trash 3,5 
Paukauila Estuary EE 3-6-07-E  - V V V V -  3,5 
Pearl Harbor Estuary (P) EE HIW00006 NA - N - N A  NH4(-) 

Chl a(N) 
2,3,5 

Pearl Harbor-harbor 
waters and near shore 
waters to 30' from Keehi 
Lagoon to Oneula Beach 

Estuary (P) EE HIW00119 NA - Y Y Y N NA NH4(-), 
 Chl a(-), 

TSS (Y), PCBs, 
Fish Consumption 

Advisory 

3,5 

Poamoho Stream EN 3-6-06.01  - V V V V -  3,5 
Punaluu Stream EN 3-1-16 Dry - A A A A A  2,3 
Punaluu Stream EN 3-1-16 Wet - A Ac A A A  2,3 
Salt Lake Lake EL 3-3-12-Salt 

Lake 
 - - - - N - Trash 3,5 

Wahiawa Reservoir Reservoir ER 3-6-06.02-R  - V V V V -  3,5 
Waiahole Stream EN 3-2-04 Dry N A N N N A  2,5 
Waiahole Stream EN 3-2-04 Wet N Ac Nc Ac A Ac  2,5 
Waiawa Stream EN 3-4-06 Wet - A A A V A Trash 2,3,5 
Waiawa Stream EN 3-4-06 Dry - V V V V - Trash 3,5 
Waihee Stream EN 3-2-07.01 Wet N V V V A -  2,3,5 
Waihee Stream EN 3-2-07.01 Dry N N N A N A  2,5 
Waikane Stream EN 3-2-02 Dry - A N A A A  2,3,5 
Waikane Stream EN 3-2-02 Wet - Ac Nc Ac Ac Ac  2,3,5 
Waikele Stream EN 3-4-10 Dry - N1T N1T - - -  3, 4a 
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Waikele Stream EN 3-4-10 Wet - N1T N1T - N -  3, 4a, 5 
Wailele Stream EN 3-1-08 Wet - - - - N1 -  3,5 
Waimalu Stream EN 3-4-05 Wet - - - - N1 -  3,5 
Waimanalo Stream EN 3-2-15  - VT VT VT VT VT  3,4a 
Waimano Stream EN 3-4-06.01  - - - - V -  3,5 
Waiola Stream EN 3-2-07.04 Wet - - - - V -  3,5 
Waiola Stream EN 3-2-07.04 Dry - - - - V -  3,5 
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Table 5. OAHU Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of  waters within the 

State. 
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Other 
Parameters Category 

ALA WAI NEARSHORE  
Ala Moana to Kuhio C HIW10001 Wet A A A N A N A  2,5 

*Ala Moana Beach (Center) C HIW00001 Wet A A A A A N N  2,5 
*Ala Moana Beach (Diamond 
Head) C HIW00002 Wet A A A N A N N  2,5 

*Ala Moana Beach (Ewa) C HI473893 Wet A - - - - N -  2,3,5 
*Fort DeRussy Beach C HI045715 Wet A - - - - - -  2,3 
*Gray's Beach C HI941499 Wet A N - - - N N  2,3,5 
*Kahanamoku Beach C HI366432 Wet A A A A A N N  2,5 
*Kahanamoku Lagoon C HIW00003 Wet A - - - - - -  2,3 
*Magic Island C HI529142 Wet A - - - - N -  2,3,5 
*Magic Island Bowls C HIW00223 Wet N - - - - - -  3,5 
*Point Panic C HI197311 Wet A - - - - - -  2,3 
*Royal-Moana Beach C HI898947 Wet A A N N A N N  2,5 
*Waikiki Beach Center C HI244505 Wet A - - - - N -  2,3,5 
ALA WAI NEARSHORE  
Kuhio to Tonggs C HIW10002 Dry A A N N A N N  2,5 

*Kapi'olani Park C HI733929 Dry A - - - - N -  2,3,5 
*Kuhio Beach C HI681782 Dry A A N N A N N  2,5 
*Kuhio Beach (Public Bath) C HI851298 Dry A A A N A N N  2,5 
*Outrigger Canoe Club Beach C HI943325 Dry A - - - - - -  2,3 
*Sans Souci C HI617815 Dry A N N N A N N  2,5 
*Tongg's C HI248913 Dry A - - - - N -  2,3,5 
*War Memorial Natatorium C HI624259 Dry - - - - - - -  3 
ANAHULU NEARSHORE  B HIW10003 Wet A - - - - N -  2,3,5 
*Waialua Bay B HI451176 Wet A - - - - N -  2,3,5 
HAHAIONE NEARSHORE  B HIW10004 Dry A - - - - N -  2,3,5 

151



Table 5. OAHU Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of  waters within the 

State.  

*Nearshore Assessment Unit
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*Maunalua Bay Beach Park B HI430267 Dry A - - - - N - 2,3,5 
HANAUMA NEARSHORE B HIW10005 Dry A A N N A N A 2,5 
*Hanauma Bay (Beach) B HIW00096 Dry A A N N A N A 2,5 
HEEIA NEARSHORE B HIW10006 Wet - - - - - - - 3 
*Heeia Kea Small Boat Harbor B HIW00097 Wet A N - - - - N 2,3,5 
HONOULIULI NEARSHORE B HIW10007 Wet A - - - - - - 2,3 
*Iroquis Beach B HI412839 Wet A - - - - - - 2,3 
KAAAWA NEARSHORE C HIW10008 Wet - A A N A N N 2,3,5 
*Kaaawa Beach Park C HI580360 Wet A - - - - - - 2,3 
*Kalae oio Beach Park C HI860454 Wet - - - - - - - 3 
*Kanenelu Beach C HI196120 Wet A - - - - - - 2,3 
KAELEPULU NEARSHORE C HIW10009 Wet A N A N A N N 2,5 
*Kailua Beach Park C HI482719 Wet A A A N A N N 2,5 
*Lanikai Beach C HI596989 Wet A - - - - N - 2,3,5 
*Lanikai Boat Ramp C HIW00193 Wet N - - - - - - 3,5 
KALOI NEARSHORE C HIW10017 Wet A A A A A N N 2,5 
*Barbers Point Beach Co. Park C HI593573 Wet - - - - - - - 3 
*Ewa Beach C HI767464 Wet A - - - - N - 2,3,5 
*Ewa Beach Park C HI319095 Wet A A A N A N N 2,5 
*Nimitz Beach C HI682233 Wet A - - - - N - 2,3,5 
*Ocean Pointe C C HIW00132 Wet - A A A A N N 2,3,5 
*Ocean Pointe Control C HIW00129 Wet - A A A A N N 2,3,5 
*Ocean Pointe E C HIW00130 Wet - A A A A N N 2,3,5 
*Ocean Pointe W C HIW00131 Wet - A A A A N N 2,3,5 
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*Ocean Pointe KA C HIW00210 Wet - A A A A N N  2,3,5 
*Ocean Pointe PR C HIW00211 Wet - A A A A A N  2,3,5 
*Oneula Beach Park C HI825419 Wet A - - - - N -  2,3,5 
*White Plains Beach C HI267023 Wet A - - - - N -  2,3,5 
KAHALUU NEARSHORE  B HIW10011 Wet - - - - - - -  3 
*Laenani Beach Co. Park B HI930562 Wet N - - - - - -  3,5 
KAHANA NEARSHORE B HIW10070 Wet - A A N A N A  2,3,5 
*Kahana Bay Park B HIW00102 Wet N N - - N N -  3,5 

KAHAWAI NEARSHORE C HIW10012 Dry A N N N A N N  2,5 

*Bellows Field Beach Co. 
Park  C HIW00081 Wet A A N N N N N  2,5 
(Waimanalo Stream Mouth) 
*Kaiona Beach C HI234342 Dry A - - - - - -  2,3 
*Waimanalo Bay St. Rec. Area 
(Park) C HIW00008 Dry A - - - - N -  2,3,5 

*Waimanalo Bay Station  
C HIW00175 Dry A - - - - N -  2,3,5 (Waimanalo Beach Co. Park 

North) 
*Waimanalo Beach Co. Park 
(South) C HIW00174 Dry A N N N A N N  2,5 

KAHAWAINUI-
MALEAKAHANA 
NEARSHORE 

C HIW10013 Dry - N N N A N N  2,3,5 

KAHAWAINUI 
NEARSHORE  C HIW10014 Dry - - - - - - -  3 

*Laie Bay C HI472847 Dry A N - - N N N  2,3,5 
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MALAEKAHANA 
NEARSHORE C HIW10015 Dry A - - - - N -  2,3,5 

*Kahuku Golf Course C HI989341 Dry - - - - - - -  3 
*Malaekahana State Park C HI137325 Dry A - - - - N -  2,3,5 
KAIPAPAU NEARSHORE  C HIW10016 Dry - - - - - - -  3 
*Kaipapa'u Beach C HI787959 Dry A - - - - - -  2,3 
KALUAKAUILA 
NEARSHORE C HIW10018 Dry - A A N A N A  2,3,5 

*Ka'ena Point C HI645485 Dry A - - - - - -  2,3 
*Yokohama Bay C HI269028 Dry A A A N A N A  2,5 
KALUNAWAIKAALA 
NEARSHORE  C HIW10019 Wet A A A N A N A  2,3,5 

*Pupukea Beach Co. Park C HI193495 Wet A A N N A N A  2,3,5 
KAMAILEUNU 
NEARSHORE C HIW10020 Dry A - - - - - -  2,3 

*Mauna Lahilahi Beach C HI639551 Dry A - - - - - -  2,3 
KAMILONUI NEARSHORE B HIW10021 Dry - - - - - - -  3 
*Hawaii Kai Station B HIW00117 Dry A - - - - - -  2,3 
KAUPUNI NEARSHORE 
Pokai Bay B HIW10022 Dry A A N N A N N  2,5 

*Pokai Bay B HIW00007 Dry A A N N A N N  2,5 

*Waianae Regional Park B HI668527 Dry - - - - - - -  3 

KAUPUNI NEARSHORE C HIW10023 Dry - - - - - - -  3 
*Waianae Kai C HI944962 Dry - - - - - - -  3 
KAWA NEARSHORE  B HIW10024 Wet - - - - - - -  3 
*Kaneohe Bay at Kualoa B HI272280 Wet - - - - - - -  3 
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KAWAIHAPAI 
NEARSHORE C HIW10025 Dry A N A N A N N  2,5 

*Camp Harold Erdman C HI309544 Dry - - - - - - -  3 
*Kealia Beach C HI612698 Dry A - - - - - -  2,3 
*Mokule'ia Beach Co. Park C HI220308 Dry A - - - - - -  2,3 
KAWAINUI NEARSHORE C HIW10026 Dry A N A N A N N  2,5 
*Fort Hase Beach C HI410735 Dry A - - - - - -  2,3 
*Kalama Beach C HI071892 Dry A - - - - N -  2,3,5 
*Kapoho Point C HIW00192 Dry N - - - - - -  3,5 
*North Beach C HI426406 Dry A - - - - - -  2,3 
*Oneawa Beach C HI952205 Dry A N - - N N N  2,3,5 
KAWELA NEARSHORE  C HIW10027 Dry - - - - - - -  3 
*Kawela Bay C HI698581 Dry A N - - N N N  2,3,5 
*Turtle Bay C HI776670 Dry A - - - - - -  2,3 
KEAMANEA-WAIMEA 
NEARSHORE C HIW10028 Wet A N N N A N N  2,5 

KEAMANEA NEARSHORE  C HIW10029 Wet A N N N A N N  2,5 
*Chun's Reef C HI950962 Wet A - - - - N -  2,3,5 
*Kawailoa Beach C HI312049 Wet - - - - - - -  3 
*Laniakea Beach C HI183312 Wet A - - - - N -  2,3,5 
*Papa'iloa Beach C HI478834 Wet A - - - - - -  2,3 
*Kapaeloa Beach C HI904851 Wet - - - - - - -  3 
WAIMEA NEARSHORE C HIW10030 Wet A - - - - N -  2,3,5 
*Waimea Bay C HIW00128 Wet A - - - - N -  2,3,5 
KEEAU NEARSHORE C HIW10031 Dry - A A N A N N  2,3,5 
*Kea'au Beach Co. Park C HI730738 Dry A - - - - - -  2,3 
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*Ohikilolo Beach (Barking
Sands) C HI731423 Dry A - - - - - - 2,3 

KOKO CRATER 
NEARSHORE  C HIW10032 Dry A N A N A N A 2,5 

*Halona Cove C HI132946 Dry A - - - - - - 2,3 
*Kaloko (Queens) Beach C HI353985 Dry A - - - - - - 2,3 
*Sandy Beach C HI776760 Dry A N N N A N N 2,5 
*Wawamalu Beach Park C HI329454 Dry A - - - - - - 2,3 
KOLOA KAIPAPAU 
NEARSHORE C HIW10033 Dry A N N N A N N 2,5 

KOLOA NEARSHORE C HIW10034 Dry A - - - - N - 2,3,5 
*Kokololio Beach C HI767708 Dry A - - - - N - 2,3,5 
*Pounders Beach C HI587568 Dry A - - - - N - 2,3,5 
KUALOA NEARSHORE C HIW10035 Wet A N N N A N N 2,5 
*Kualoa Co. Regional Park C HI848207 Wet A N N N A N N 2,5 
*Kualoa Sugar Mill Beach C HI484535 Wet A - - - - - - 2,3 
KULIOUOU NEARSHORE B HIW10036 Dry N - - - - - - 3,5 
*Kuli'ou'ou B HI360513 Dry N - - - - - - 3,5 
*Paiko Lagoon B HI598745 Dry - - - - - - - 3 
LOKO EA NEARSHORE B HIW10037 Wet N - - - - N - 3,5 
*Haleiwa Beach Park B HI994019 Wet A N - - N N N 2,3,5 
MAAKUA-WAIPUHI 
NEARSHORE C HIW10038 Dry - - - - - - - 3 

MAAKUA NEARSHORE C HIW10039 Dry - - - - - - - 3 
*Aukai Beach Co. Park C HI145110 Dry A - - - - - - 2,3 
*Hauula Beach Park C HI854492 Dry A - - - - - - 2,3 
WAIPUHI NEARSHORE C HIW10040 Dry - - - - - - - 3 

156



Table 5. OAHU Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of  waters within the 

State.  

*Nearshore Assessment Unit 
with Individual Water 
Bodies 

Water Body Type Water 
Body ID 

Wet/Dry 
Criteria 

E
nt

er
oc

oc
ci

 

T
N

 

N
O

3+
N

O
2 

N
H

4 

T
P 

T
ur

bi
di

ty
 

C
hl

 a
 

Other 
Parameters Category 

*Makao Beach C HI147212 Dry A - - - - - -  2,3 
MAILI NEARSHORE C HIW10041 Dry A N N N A N N  2,5 
*Lualualei Beach Co. Park C HI800877 Dry A - - - - N -  2,3,5 
*Ma'ili Beach Park C HI627464 Dry A N N N A N N  2,5 
*Maipalaoa Beach C HI280966 Dry N - - - - N -  3,5 
MAKAHA NEARSHORE  C HIW10042 Dry A N N N A N N  2,5 
*Laukinui Beach C HI739818 Dry A - - - - - -  2,3 
*Makaha Beach C HI632106 Dry A A N N A N N  2,5 
*Papaoneone Beach C HI990625 Dry A - - - - - -  2,3 
MAKAIWA NEARSHORE  C HIW10043  Dry A A A N A N N  2,5 
*Hawaiian Electric Beach Park C HI628972 Dry A - - - - - -  2,3 
*Kahe Point Beach Co. Park C HI548986 Dry A - - - - N -  2,3,5 

*Manner's Beach C HI717740 Dry A - - - - N -  2,3,5 
MAKAIWA NEARSHORE 
KO'OLINA B HIW10044  Dry A A N N A N N  2,5 

*Ihilani Honu Lagoon B HI815093 Dry A A N N A N A  2,5 
*Ihilani Kohola Lagoon B  HI515191 Dry A N N N A N N  2,5 
*Ihilani Naia Lagoon B HI685981 Dry A A N N A N N  2,5 
*Ihilani Ulua Lagoon B HI550240 Dry A A A N A N A  2,5 
MAKAPUU NEARSHORE  C HIW10045 Dry A N A N A N N  2,5 
*Makapuu Beach C HI723399 Dry A - - - - N -  2,3,5 
*Kaupo Beach Co. Park C HI791127 Dry A - - - - - -  2,3 
MAKAUA NEARSHORE C HIW10046 Wet - N N N A - N  2,3,5 
*Makaua Beach Co. Park C HI542752 Wet - - - - - - -  3 
*Swanzy Beach Co. Park C HI151343 Wet A - - - - - -  2,3 
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MAKUA NEARSHORE  C HIW10047 Dry - A A N A N A  2,3,5 

*Makua Beach C HI915061 Dry A A A N A N A  2,5 

Keehi Lagoon Beach B HIW10048 Wet N - - - - N -  3,5 
*Keehi Lagoon (Point X) B HIW00010 Wet N N - - N N N  3,5 
NANAKULI NEARSHORE  C HIW10049 Dry A A A A A N A  2,5 
*Depot Beach C HIW00218 Dry - - - - - - -  3 
*Pohakunui Cove C HIW00219 Dry - - - - - - -  3 
*Nanakuli Beach Park C HI467413 Dry A A N N A N N  2,5 
NIU NEARSHORE C HIW10050 Dry - - - - - - -  3 
*Niu C HI157026 Dry - - - - - - -  3 
NUUANU NEARSHORE  C HIW10051 Wet A - - - - - -  2,3 
*Kakaako Waterfront C HI302297 Wet A - - - - - -  2,3 
*Sand Island (Shoreline) C HI714359 Wet A A N A A N N  2,5 
OIO NEARSHORE  C HIW10052 Dry - N A N A N N  3 
*Kaihalulu Beach C HI668562 Dry A - - - - - -  2,3 
*Kuilima Cove C HI412224 Dry A - - - - - -  2,3 
PAHOLE-MAKALEHA 
NEARSHORE C HIW10053 Dry - N N N A N N  2,3,5 

PAHOLE NEARSHORE C HIW10054 Dry - - - - - - -   
MAKALEHA NEARSHORE C HIW10055 Dry - - - - - - -   
PAKULENA-PAUMALU 
NEARSHORE C HIW10056 Dry A A A N A N N  2,5 

PAKULENA NEARSHORE  C HIW10057 Dry A - - - - N -  2,3,5 
*Banzai Beach C HI908378 Dry - - - - - - -  3 
*Pipeline, The C HI188157 Dry A - - - - N -  2,3,5 
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PAUMALU NEARSHORE  C HIW10058 Dry A - - - - N -  2,3,5 
*Ehukai Beach Co. Park C HI531535 Dry A - - - - - -  2,3 
*Kaunala Beach C HI622160 Dry A - - - - - -  2,3 
*Pahipahi'alua Beach C HI575467 Dry A - - - - - -  2,3 
*Sunset Beach C HI860544 Dry A A N N A N N  2,5 
*Waiale'e C HI109657 Dry A - - - - - -  2,3 
PAPAAKOKO-KALUANUI 
NEARSHORE C HIW10059 Dry - A A N A N N  2,3,5 

PAPAAKOKO NEARSHORE C HIW10060 Dry - - - - - - -  3 
*Kaluanui Beach C HI410842 Dry - - - - - - -  3 
PAUKAUILA NEARSHORE B HIW10061 Wet - - - - - - -  3 
*Kaiaka Bay B HIW00106 Wet N N N N - N N  3,5 
PORTLOCK NEARSHORE  B HIW10062 Dry - - - - - - -  3 
*Koke'e Beach Park B HI147970 Dry A - - - - - -  2,3 
*Koko Kai Beach Park B HI467112 Dry A - - - - - -  2,3 
PUNALUU NEARSHORE  C HIW10063 Wet - - - - - - -  3 
*Punaluu Beach Park C HI148836 Wet N - - - - N -  3,5 
ULEHAWA NEARSHORE  C HIW10064 Dry A N N N A N N  2,5 
*Nanaikapono Beach C HI504242 Dry A - - - - - -  2,3 
*Pu'uohulu Beach C HI960731 Dry A - - - - - -  2,3 
*Ulehawa Beach C HI784010 Dry A - - - - - -  2,3 
WAIALAENUI 
NEARSHORE  C HIW10065 Dry N A A N A N N  2,5 

*Diamond Head C HI544313 Dry A - - - - N -  2,3,5 
*Ka'alawai Beach C HI253930 Dry N - - - - - -  3,5 
*Kahala Beach Shoreline C HI514582 Dry A - - - - N -  2,3,5 
*Kaluahole Beach C HI391176 Dry A - - - - - -  2,3 
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*Kuilei Cliffs C HI431723 Dry A - - - - - -  2,3 
*Waialae Beach Co. Park C HI997368 Dry N - - - - - -  3,5 

WAIALUA NEARSHORE  C HIW10066 Dry A - - - - N -  2,3,5 
*Mokule'ia Beach C HI908786 Dry - - - - - - -  3 
*Pu'uiki C HI437024 Dry A - - - - - -  2,3 
WAILELE NEARSHORE C HIW10067 Dry - N N N A - N  2,3,5 
*Laniloa Peninsula (Beach) C HI201901 Dry A - - - - - -  2,3 
WAILUPE NEARSHORE C HIW10068 Dry A - - - - N -  2,3,5 

*Kahala Hilton Beach C HI173325 Dry A - - - - N -  2,3,5 
*Kawaiku'i Beach Park C HI304424 Dry A - - - - - -  2,3 
*Wailupe Beach Park C HI432476 Dry N - - - - - -  3,5 
WAIMANALO 
NEARSHORE C HIW10069 Wet A N A N A N N  2,5 

*Bellows Field Beach Co. 
Park (N. Runway) C HI798011 Wet A A A N A N A  2,5 
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Ala Wai Boat Harbor 
(Ala Moana Bridge 
Station) 

B HIW00125 Wet N N - - N N N 3,5 

Campbell Industrial C HIW00187 Dry - A A A A N N 2,3,5 
Ewa (Open Coastal) C HIW00189 Wet A A A A A A A 2 
Hanaka'ilio Beach C HI646411 Dry - - - - - - - 3 
Hanauma Bay (Oceanic) O HIW00017 NA - - N N - - N 3,5 
Barbers Point Harbor B HIW00088 Dry - - - - - - - 3 
Haleiwa Boat Harbor B HIW00127 Wet - - - - - - - 3 
Hanauma Bay B HIW00058 Dry - - - - - - - Trash 3,5 
Honolulu Generating 
Station B HIW00217 Wet - - A A - A - 2,3 

Honolulu Harbor B HIW00100 Wet - - - - - - - 3 
Honolulu Harbor & 
Shore Area-Honolulu 
Waterfront-Aloha Tower 

B HIW00061 Wet - - A N - A - Trash 2,3,5 

Honolulu Harbor & 
Shore Area-Kewalo 
Basin 

B HIW00051 Wet - Y Y - Y N - TSS (Y), Trash 3,5 

Honolulu Harbor-near 
shore waters to 30' from 
one mile NW of 
Honolulu Harbor/Sand 
Island Channel to 
Waikiki Beach 

B HIW00049 Wet Y Y Y - Y N - Pathogens, Metals, 
TSS (Y) 3,5 

Kahana Bay-near shore 
waters to 30' from 
Mahie Point to a point 
one mile north of 
Kahana Bay Station 

B HIW00062 Wet - - - - - N - TSS (Y) 3,5 
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Kahana Park B HIW00103 Wet N - - - - - -  3,5 
Kahe Point (Open 
Coastal) C HIW00214 Dry - A N N - - -  2,3,5 

Kailua Bay (Open 
Coastal) C HIW00194 Dry A A A A A A A  2 

Kaneohe Bay (Beach 
Park) B HIW00004 Wet - N - - N N N  3,5 

Kaneohe Bay (Central 
Region) B HIW00013 Wet - N N N - N -  3,5 

Kaneohe Bay (Kokokahi 
Pier) B HIW00005 Wet N N - - N N N  3,5 

Kaneohe Bay (Northern 
Region) B HIW00012 Wet N N N N - N -  3,5 

Kaneohe Bay (Southern 
Region) B HIW00011 Wet N N N N - N -  3,5 

Kaneohe Bay-near shore 
waters at mouths of 
Kaneohe and Kawa 
Streams 

B HIW00054 Wet - Y Y - Y N - TSS (Y) 3,5 

Keehi Lagoon B HIW00009 Wet A - - - - N -  2,3,5 

Keehi Lagoon waters 
and near shore waters to 
30' from lagoon mouth 
to Pearl Harbor 

B HIW00055 Wet - Y Y - Y N - TSS (Y) 3,5 

Kewalo Basin C HIW00126 Wet - N - - N N N  3,5 
Ko Olina B HIW00089 Dry - - - - - - -  3 
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Kuilei Cliffs Beach Park C HIW00064 Dry - - - - - - -  3 

Makaua Beach Co. Park C HIW00066 Wet - - - - - - -  3 

Mamala Bay (Fort 
Kamehameha Offshore) C HIW00190 Wet - A A A A A N  2,3,5 

Mamala Bay (Sand 
Island Offshore) C HIW00014 Wet A A A N A A A  2,5 

Mamala Bay (Oceanic) O HIW00015 NA - N - - - - N  3,5 
Maunalua Bay C HIW00016 Dry - A A N A N N  2,3,5 
Mikilua Beach Park C HIW00186 Dry A - - - - - -  2,3 
Paiko Peninsula to Koko 
Head B HIW00118 Dry - - - - - - -  3 

Pokai Bay (Oceanic) O HIW00019 NA - N - - - - N  3,5 
Pokai Bay (Open 
Coastal) C HIW00018 Dry A A A A A A N  2,5 

Queen's Surf Beach Park C HIW00069 Dry - - - - - - -  3 
Sand Island Point #3 C HIW00181 Wet - N - - - N N  3,5 
Sandy Beach (Open 
Coastal) C HIW00191 Dry - A A A A A N  2,3,5 

Waialua/Kaiaka Bays 
near shore waters to 60’ 
from Puaena Point to a 
point 1.5 miles W of 
Kaiaka Point 

B HIW00083 Wet - Y Y - Y N - TSS (Y) 3,5 

Waianae Boat Harbor B HIW00124 Dry - - - - - - -  3 
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Table 7. MOLOKAI Inland Waters 

Assessed 
Water Body 

Water 
Body 
Type 

Scope of 
Assessment 

Water 
Body 
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Season 
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Other 
Parameters Category 

Honoulimaloo Stream EN 4-2-02  - - - - - -  3 
Honouliwai Stream EN 4-2-03 Wet - - - - Ac -  2,3 
Kamalo Stream EN 4-2-14  - - - - - -  3 
Pelekunu Stream EN 4-1-09 Dry - - - - A -  2,3 
Waialua Stream EN 4-2-04 Wet - A A A A A  2,3 
Waialua Stream EN 4-2-04 Dry - Ac Ac Ac N1 Ac  2,3,5 
Wailau Stream EN 4-1-15  - - - - - -  3 
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Table 8. MOLOKAI Marine Waters  
Most marine water bodies are located (*) within their respective nearshore assessment unit. The nearshore assessment unit provides a holistic view of waters within the State.   

*Nearshore Assessment Unit with 
Individual Water Bodies 

Water 
Body Type 

Water 
Body ID 

Wet/Dry 
Criteria 
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Other 
Parameters Category 

HALAWA NEARSHORE C TBD Wet - - - - - - -  3 
*Halawa Beach Park C HI928793 Wet - - - - - - -  3 
KOLO NEARSHORE  C TBD Dry - - - - - - -  3 
*Kolo Wharf C HI928768 Dry - - - - - - -  3 
MO’OMOMI NEARSHORE C TBD Dry - - - - - - -  3 
*Mo'omomi Beach C HI204811 Dry - - - - - V -  3,5  

 
 

  

165



Table 9. MOLOKAI Marine Waters - Not Associated with a  Nearshore AU 

Scopes of 
Assessment Not 
Associated with 
Nearshore AU 

Water 
Body Type 

Water 
Body ID 

Wet/Dry 
Criteria 
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Other Parameters Category 

Awahua Beach C HI702920 Dry - - - - - - -  3 
Fagans Beach C HI571680 Dry - - - - - - -  3 
Halena Beach C HI417163 Dry - - - - - - -  3 
Hale O Lono Harbor B HIW00090 Dry - - - - - - -  3 
Honouli Malo'o C HI783671 Dry - - - - - - -  3 
Honouli Wai C HI376731 Dry - - - - - - -  3 
Iliopi'i Beach C HI681345 Dry - - - - - - -  3 
Kahalepohaku 
Beach C HI191374 Dry - - - - - - -  3 

Kakahai'a Beach 
Park C HI939514 Dry - - - - - - -  3 

Kamaka'ipo Beach C HI923737 Dry - - - - - - -  3 
Kanalukaha Beach C HI559049 Dry - - - - - - -  3 
Kapukahehu Beach C HI941577 Dry - - - - - - -  3 
Kapukuwahine 
Beach C HI565164 Dry - - - - - - -  3 

Kaunakakai Boat 
Harbor B HIW00109 Dry - - - - - - -  3 

Kaunakakai Harbor B HIW00110 Dry - - - - - - -  3 
Kaunala Beach C HI726225 Dry - - - - - - -  3 
Kaupoa Beach C HI481092 Dry - - - - - - -  3 
Kawa'aloa Bay C HI384043 Dry - - - - - V -  3,5 
Kawakiunui C HI114962 Dry - - - - - - -  3 
Kepuhi Beach C HI287930 Dry - - - - - - -  3 
Kiowea Park 
(Kamehameha 
Coconut Grove) 

C HI206014 Dry - - - - - - -  3 

Lighthouse Beach C HI934213 Dry - - - - - - -  3 
Murphy Beach Park C HI138494 Dry - - - - - - -  3 
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Table 9. MOLOKAI Marine Waters - Not Associated with a  Nearhsore AU 

Scopes of 
Assessment Not 
Associated with 
Nearshore AU 

Water 
Body Type 

Water 
Body ID 

Wet/Dry 
Criteria 
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Other Parameters Category 

Oneali'i Beach Park C HI904462 Dry - - - - - - -  3 
Papaloa Beach C HI301825 Dry - - - - - - -  3 
Papohaku Beach C HI556777 Dry - - - - - - -  3 
Pelekunu C HI443237 Wet - - - - - - -  3 
Pohaku Mauliuli 
Beach C HI268134 Dry - - - - - - -  3 

Po'olau Beach C HI454004 Dry - - - - - - -  3 
Puko'o C HI665969 Dry - - - - - - -  3 
Sandy Beach C HI329518 Dry - - - - - - -  3 
South Molokai 
Coast-near shore 
waters to 18' from 
SW point-Waialua 

C HIW00052 Dry - Y Y - Y Y - TSS (Y) 3,5 

Wailau C HI603285 Wet - - - - - - -  3 
. 
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Table 10. LANAI Marine Waters 
Most marine water bodies are located (*) within their respective nearhsore assessment unit. The nearshore assessment unit provides a holistic view of waters within the State. 

*Nearshore
Assessment Unit with 

Individual Water 
Bodies 

Water 
Body 
Type 

Water Body 
ID 

Wet/Dry 
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Other 
Parameters Category 

ANAPUKA 
NEARSHORE C HIW50001 Dry - A A A A N N 2,3,5 

*Kaluakoi Point to
Huawai Bay C HIW00135 Dry - A A A A N N 2,3,5 

KAWAIU 
NEARSHORE C HIW50002 Dry - - - - - - - 3 

*Kawaiu Gulch-
Makole Point C HIW00133 Dry - A A A A A N 2,3,5 

MAHANALUA 
NEARSHORE C HIW50004 Dry - - - - - - - 3 

*Mahanalua C HIW00136 Dry - N A A A N N 2,3,5 
MANELE 
NEARSHORE Coastal C HIW50005 Dry - A A A A N N 2,3,5 

*Hulopoe Bay C HIW00177 Dry - A A A A N N 2,3,5 
*Manele Bay Beach C HIW00178 Dry - A A A A A A 2,3 
MANELE 
NEARSHORE 
Embayment 

B HIW50006 Dry - - - - - - - 3 

*Manele Boat Harbor B HIW00179 Dry - A A A A N N 2,3,5 
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Table 11. LANAI Marine Waters - Not Associated with a Nearshore AU 

Scopes of Assessment Not 
Associated with Nearshore AU 

Water Body 
Type 

Water 
Body ID 

Wet/Dry 
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Other Parameters Category 

Awehi C HIW00134 Dry - N A A A N N  2,3,5 
Halepalaoa Beach C HI297944 Dry - - - - - - -  3 
Kahemano Beach C HI801428 Dry - A A N A N A  2,3,5 
Kaumalapau Harbor B HIW00108 Dry - - - - - - -  3 
Kaunolu Bay C HI923988 Dry - - - - - - -  3 
Keomuku Beach C HI854690 Dry - - - - - - -  3 
Lopa Beach C HI735036 Dry - - - - - - -  3 
Naha Beach C HI225961 Dry - - - - - - -  3 
Polihua Beach C HI845453 Dry - - - - - - -  3 
Puu Pehe Beach B HIW00180 Dry - - - - - - -  3 
Shipwreck Beach C HI362906 Dry - - - - - - -  3  
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Table 12. MAUI Inland Waters 

Assessed Water 
Body 

Water 
Body 
Type 

Scope of 
Assessment 

Water 
Body ID Season 
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Other Parameters Category 

Alelele Stream EN 6-5-20  - - - - - -  3 
E. Wailuaiki Stream EN 6-4-16  - - - - - -  3 
Haipuaena Stream EN 6-4-07  - - - - - -  3 
Hanawi Stream EN 6-4-22  - - - - - -  3 
Hanehoi Stream EN 6-3-11  - - - - - -  3 
Hawawana Stream EN 6-3-13  - - - - - -  3 
Hoalua Stream EN 6-3-12  - - - - - -  3 
Honokohau Stream EN 6-1-11 Dry - A A A A A  2,3 
Honokohau Stream EN 6-1-11 Wet - Ac Ac Ac A Ac  2,3 
Honokowai Stream EN 6-1-07  - - - - V -  3,5 
Honolua Stream EN 6-1-10  - - - - - -  3 
Honomanu Stream EN 6-4-09  - - - - - -  3 
Honopou Stream EN 6-3-08 Wet - - - - A -  2,3 
Hoolawa Stream EN 6-3-09  - - - - - -  3 
Iao Stream EN 6-2-09  - - - - V - Trash 3,5 
Kaaiea Stream EN 6-4-02  - - - - - -  3 
Kahakuloa Stream EN 6-2-03 Dry - A A A A A  2,3 
Kahakuloa Stream EN 6-2-03 Wet - - - - A -  2,3 
Kahana Stream EN 6-1-08  - - - - V -  3,5 
Kahoma Stream EN 6-1-05  - - - - V -  3,5 
Kailua Stream EN 6-3-14  - - - - - -  3 
Kakipi Stream EN 6-3-07  - - - - - -  3 
Kauaula Stream EN 6-1-04  - - - - - -  3 
Kaupakulua Stream EN 6-3-03  - - - - - -  3 
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Table 12. MAUI Inland Waters 

Assessed Water 
Body 

Water 
Body 
Type 

Scope of 
Assessment 

Water 
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Other Parameters Category 

Kihei Coast-
Kaonoulu 
Estuary 

Estuary EE HIW00040 NA - N N - N NA NH4(-) Chl a(-) 3,5 

Kihei Coast-
Kealia Pond Estuary EE HIW00070 NA - - - - - NA NH4(-) Chl a(N) 3,5 

Kolea Stream EN 6-4-03  - - - - - -  3 
Kopiliula Stream EN 6-4-17  - - - - - -  3 
Kuaiaha Stream EN 6-3-02  - - - - - -  3 
Launiupoko Stream EN 6-1-03  - - - - - -  3 
Makamakaole Stream EN 6-2-06 Dry - A A A N A  2,3,5 
Makamakaole Stream EN 6-2-06 Wet - A A A A A  2,3 
Maliko Stream EN 6-3-01 Wet - - - - N1 -  3,5 
Manawaiiao Stream EN 6-3-04  - - - - - -  3 
Nuaailua Stream EN 6-4-10  - - - - - -  3 
Oheo Stream EN 6-5-13 Dry - A A A Ac A  2,3 
Oheo Stream EN 6-5-13 Wet - Ac Ac Ac Ac Ac  2,3 
Ohia Stream EN 6-4-12  - V V V V - Trash 3,5 
Olowalu Stream EN 6-1-02  - - - - - -  3 
Oopuola Stream EN 6-4-01  - - - - - -  3 
Piinaau Stream EN 6-4-11  - - - - - -  3 
Punalau Stream EN 6-4-08  - - - - - -  3 
Puohokamoa Stream EN 6-4-06  - - - - - -  3 
Uaoa Stream EN 6-3-05  - - - - - -  3 
Ukumehame Stream EN 6-1-01 Dry - A N A A A  2,3,5 
Ukumehame Stream EN 6-1-01 Wet - Ac Ac Ac A Ac  2,3 
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Table 12. MAUI Inland Waters 

Assessed Water 
Body 

Water 
Body 
Type 

Scope of 
Assessment 

Water 
Body ID Season 
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Other Parameters Category 

W. Wailuaiki Stream EN 6-4-15  - - - - - -  3 
Waiakamilo Stream EN 6-4-13  - - - - - -  3 
Waiehu Stream EN 6-2-08  - - - - - -  3 
Waihee Stream EN 6-2-07 Dry - A A A A A  2,3 
Waihee Stream EN 6-2-07 Wet - V V V A Ac  2,3,5 
Waihikuli Stream EN 6-1-06  - - - - - -  3 
Waikamoi Stream EN 6-4-04  - - - - - -  3 
Waikapu Stream EN 6-2-10 Dry - Ac - Ac Nc Ac  2,3,5 
Waikapu Stream EN 6-2-10 Wet - Ac Ac Ac Ac Ac  2,3 
Waiolai Stream EN 6-2-05  - - - - - -  3 
Waipio Stream EN 6-3-10 Wet - - - - N1 -  3,5 
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Table 13. MAUI Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 

*Nearshore Assessment 
Unit with Individual Water 

Bodies 
Water Body Type Water Body 

ID 
Wet/Dry 
Criteria 
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Other Parameters Category 

AHIHI-KINAU 
NEARSHORE C HIW20001 Dry - A N N A N -   2,3,5 

*Ahihi-Kinau Natural Area 
Reserve C HIW00084 Dry - A N N A N -   2,3,5 

HAPAPA NEARSHORE  C HIW20002 Dry A N N N A N -   2,3,5 
*Kalama Beach Co. Park 
(Beach) C HIW00023 Dry A N N N A N N   2,5 

*Kalepolepo Beach C HI647373 Dry A N N N A N -   2,3,5 
*Kalepolepo (Waimahaihai) C HIW00141 Dry A N N N A N N   2,5 
*Kihei Coast-Kalepolepo C HIW00039 Dry - N N - - N N   3,5 
*Kihei Coast-Kulanihakoi C HIW00043 Dry - N N N - N N   3,5 
*Kihei Coast-Lipoa-South C HIW00072 Dry - - - - - N N   3,5 
*Kihei Coast-Luana Kai C HIW00041 Dry - N N N - N N   3,5 
*Mai Poina Oe Iau Beach Co. 
Park (Kihei N. Station) C HI715975 Dry A - - - N N N   2,5 

*Waipuilani C HI284036 Dry A N N N A N -   2,3,5 
HONOKAHUA 
NEARSHORE  C HIW20003 Dry A A A A A N N   2,5 

*Fleming Beach North C HI253548 Dry A A N N A N N   2,5 
*Oneloa Bay Beach C HI740710 Dry A A A A A N A   2,5 
HONOKOWAI 
NEARSHORE C HIW20004 Dry A N N N A N N   2,5 

*Honokowai Beach Co. Park C HI412391 Dry A A N N A N N   2,5 
*West Maui Coast-Lokelani C HIW00077 Dry - - N - - N N   3,5 
*West Maui Coast-S-Turns 
(Pohaku) C HIW00047 Dry A N N N A N N   2,5 

*West Maui-Papakea C HIW00079 Dry - A N N A N N   2,3,5 
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Table 13. MAUI Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 

*Nearshore Assessment 
Unit with Individual Water 
Bodies 

Water Body Type Water Body 
ID 

Wet/Dry 
Criteria 
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Other Parameters Category 

HONOLUA NEARSHORE C HIW20005 Dry N N N N A N N   2,5 
*Honolua Bay C HI280286 Dry N N N N A N N   2,5 
*Mokule'ia Beach C HI977299 Dry A A N N N N N   2,5 
HONOMANU 
NEARSHORE C HIW20006 Wet - - - - - - -   3 

*Honomanu Bay C HI985873 Wet N - - - - - -   3,5 
IAO NEARSHORE  B HIW20007 Dry A N - - N N N   2,3,5 
*Hata's B HI553820 Dry A - - - - - -   2,3 
*Kahului Harbor B HIW00104 Dry A N - - N N N   2,3,5 
KAHANA NEARSHORE  C HIW20008 Dry A N N N A N N   2,5 
*Kahana (Mahinahina Condo 
Shoreline) C HI160433 Dry A N N N A N N   2,5 

*Kapalua (Fleming's) Beach C HI391006 Dry A N N N A N N   2,5 
*Napili Bay C HI764060 Dry A N N N A N N   2,5 
*West Maui Coast-
Honokeana Cove C HIW00044 Dry - N N - - N N   3,5 

*West Maui Coast-Kahana 
Cove C HIW00045 Dry - N N - - N N   3,5 

*West Maui Coast-Kahana 
Sunset C HIW00075 Dry - - N - - N N   3,5 

*West Maui Coast-Kahana 
Village C HIW00076 Dry - A N N A N N   2,3,5 

*West Maui Coast-Kaopala 
Bay C HIW00046 Dry - N N N - N N   3,5 

*West Maui Coast-Napili 
Bay C HIW00078 Dry - - N - - N N   3,5 

KAHOMA NEARSHORE  C HIW20009 Dry A A N N A N N   2,5 

174



Table 13. MAUI Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 

*Nearshore Assessment 
Unit with Individual Water 
Bodies 

Water Body Type Water Body 
ID 

Wet/Dry 
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Other Parameters Category 

*Mala Wharf-West Maui 
Coast C HIW00123 Dry - - - - - N N   3,5 

*Pu'unoa Beach C HI373055 Dry A - - - - N -   2,3,5 
*Wahikuli State Wayside 
Park C HI169380 Dry A A N A A N N   2,5 

KAILUA GULCH 
NEARSHORE  C HIW20010 Dry A N N N A N N   2,5 

*H.A. Baldwin Beach Co. 
Park C HI846900 Dry A - - - - N -   2,3,5 

*Kanaha Beach C HI797225 Dry A - - - N N N   2,3,5 
*Lower Pa'ia (Pa’ia Outfall 
Station) C HI864937 Dry A - - - - N -   2,3,5 

*Spreckelsville C HI789952 Dry A - - - - N -   2,3,5 
KALIALINUI 
NEARSHORE B HIW20011 Dry A N - - N N N   2,3,5 

*Kanaha Beach (Kaa 
Shoreline) B HIW00020 Dry A N - - N N N   2,3,5 

KAUAULA NEARSHORE C HIW20012 Dry - A N N A N -   2,3,5 
*Lahaina Beach C HI407363 Dry A A N N A N -   2,3,5 
*Puamana Beach Co. Park C HI167153 Dry A - - - - - -   2,3 
*West Maui-Puamana C HIW00080 Dry - - - - - N N   3,5 
KAWAIPAPA 
NEARSHORE  C HIW20013 Dry - - - - - - -   3 

*Hana Bay C HI996835 Dry - - - - - - -   3 
*Wai'anapanapa State Park C HI118874 Dry - - - - - - -   3 
LAUNIUPOKO 
NEARSHORE  C HIW20014 Dry A N A N A N N   2,3,5 

*Launiupoko St. Wayside 
Park C HI558359 Dry A A A N A N -   2,3,5 
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Table 13. MAUI Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 

*Nearshore Assessment
Unit with Individual Water
Bodies

Water Body Type Water Body 
ID 

Wet/Dry 
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Other Parameters Category 

MALIKO NEARSHORE C HIW20015 Dry A N N N A N N 2,5 
*Ho'okipa Beach Co. Park C HIW00024 Dry A A N N A N N 2,5 
*Ku'au Bay C HI276573 Dry A - - - - - - 2,3 
*H-Poko Papa C HI901232 Dry - - - - - - - 3 
*Maliko Bay C HI423064 Dry N - - - - N - 3,5 
MOOLOA NEARSHORE C HIW20016 Dry A A A N A N A 2,5 
*Oneloa Beach (Big Beach)
(Makena Beach Station) C HI279887 Dry A A A N A N A 2,5 

OHEO NEARSHORE C HIW20017 Wet - - - - - - - 3 
*Pepeiaolepo Bay C HI136430 Wet - - - - - - - 3 
OLOWALU NEARSHORE C HIW20018 Dry - A A N A N N 2,3,5 
*Olowalu (Shorefront) C HIW00021 Dry A A A N A N N 2,5 
PAPALAUA NEARSHORE C HIW20019 Dry - A A A A N N 2,3,5 
Papalaua Pali C HIW00216 Dry - A A A A N - 2,3,5 
POHAKEA NEARSHORE B HIW20020 Dry A N N N A N N 2,5 
*Ma'alaea Beach B HI058731 Dry A N N N A N N 2,5 
*McGregor Point B HI227321 Dry - - - - - - - 3 
*Kapoli Beach Co. Park B HI599968 Dry - A N N A N A 2,3,5 
UKUMEHAME 
NEARSHORE C HIW20021 Dry A A N N A N N 2,5 

*Papalaua C HI462219 Dry A A A A A N - 2,3,5 
*Ukumehame Beach Co.
Park C HI814309 Dry A A A A A N - 2,3,5 

*Olowalu (Teen Challenge) C HI491359 Dry A A N N A N A 2,5 
WAIAKOA NEARSHORE C HIW20022 Dry A N N N A N N 2,5 
*Mai Poina Oe Iau Beach Co.
Park C HIW00025 Dry A N N N A N - 2,3,5 
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Table 13. MAUI Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 

*Nearshore Assessment 
Unit with Individual Water 
Bodies 

Water Body Type Water Body 
ID 

Wet/Dry 
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Other Parameters Category 

*Kihei Coast-Mokulele C HIW00042 Dry A N N N A N N   2,5 
WAHIKULI NEARSHORE  C HIW20023 Wet A A N N A N N   2,5 
*Hanaka'o'o Beach Co. Park C HI797917 Wet A N N N A N N   2,5 
*Kaanapali (Kahekili Beach) C HI643627 Wet A A N N A N N   2,5 
*Kaanapali (Sheraton 
Kaanapali Shoreline) C HIW00022 Wet A A N N A N A   2,5 

WAIEHU NEARSHORE  C HIW20024 Wet - A - - A N N   2,3,5 
*Waiehu Beach Co. Park C HI916183 Wet A - - - - N -   2,3,5 
WAIHEE NEARSHORE C HIW20025 Wet - - - - - - -   3 
*Waihee C HI343702 Wet A - - - - - -   2,3 
WAIKAPU NEARSHORE C HIW20026 Dry - A A N A N -  2,3,5 
*Kealia C HIW00224 Dry - A A N A N -  2,3,5 
WAILEA NEARSHORE  C HIW20027 Dry A N N N N N N   2,5 
*Kalama Beach Co. Park 
(Cove Park) C HI705118 Dry A N N N N N N   2,5 

*Kamaole Beach 1 C HI761092 Dry A N N N A N N   2,5 
*Kamaole Beach 2 C HI097179 Dry A - - - - N N   2,3,5 
*Kamaole Beach 3 C HI496115 Dry A A N N A N N   2,5 
*Keawakapu Beach C HI607763 Dry A A N N A N N   2,5 
*Kihei Coast-Cove Park C HIW00167 Dry - N N - - N N   3,5 
*Kihei Coast-Estuary Boat 
Ramp C HIW00166 Dry - N N - - N -   3,5 

*Kihei Coast-Keawakapu* C HIW00074 Dry - - N - - - N   3,5 
*Kihei Coast-Maui Coast C HIW00073 Dry - - N - - N N   3,5 
*Kihei Coast-South Kamaole 
II C HIW00071 Dry - - N - - - N   3,5 

*Makena Landing Beach C HI245556 Dry A N N N A N -   2,3,5 
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Table 13. MAUI Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 

*Nearshore Assessment 
Unit with Individual Water 
Bodies 

Water Body Type Water Body 
ID 

Wet/Dry 
Criteria 
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Other Parameters Category 

*Malu'aka Beach C HI847607 Dry A N N N A N -   2,3,5 
*Mokapu Beach Park C HI861961 Dry A - - - - - -   2,3 
*Oneuli Beach C HI756040 Dry A A N N A N N   2,5 
*Palauea Beach Park C HI997014 Dry A N N N A N -   2,3,5 
*Polo Beach Park C HI339656 Dry A - - - - - -   2,3 
*Poolenalena Beach C HI684864 Dry A A N A A N -   2,3,5 
*Pu'u ola'i (Small Beach) C HI157533 Dry A - - - - - -   2,3 
*Ulua Beach Park C HI588333 Dry A N N N A N N   2,3,5 
*Wailea Beach Park C HI278988 Dry A A N N A N N   2,5 
WAIOPAI NEARSHORE  C HIW20028 Dry - - - - - - -   3 
*Huakini Bay C HI385800 Dry - - - - - - -   3 
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Table 14. MAUI Marine Waters - Not Associated with a Nearshore AU 

Scopes of 
Assessment Not 
Associated with 
Nearshore AU 

Water 
Body Type 

Water 
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Wet/Dry 
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Other Parameters Category 

Alaeloa Beach C HI616569 Dry - - - - - - -   3 
Awalua Beach C HI839739 Dry - - - - - - -   3 
Father Jules Papa C HI525524 Dry - - - - - - -   3 
Hamoa C HI287670 Dry - - - - - - -   3 
Hanaka'o'o 
Station C HIW00165 Dry - - N - - N -   3,5 

Honokeana Bay C HI229021 Dry - - - - - - -   3 
Honokohau Bay C HI432902 Dry - - - - - - -   3 
Honokowai Point 
to Kaanapali C HIW00139 Dry - N A N A A A   2,3,5 

Kahului Bay B HIW00195 Wet - A N A A - A   2,3,5 
Kahului Harbor 
(Bay) B HIW00105 Dry - N N N - N N   3,5 

Kahului Harbor-
inshore of 
breakwater 

B HIW00053 Dry - V V - V N -   3,5 

Kaihalulu Bay C HI432263 Dry - - - - - - -   3 
Ka'ili'ili Beach C HI641844 Dry - - - - - - -   3 
Kanaio Beach C HI404881 Dry - - - - - - -   3 
Kalama Beach 
Station C HIW00168 Dry - N N N - N N   3,5 

Kea'a Beach C HI593477 Dry - - - - - - -   3 
Ke'anae C HI959746 Wet - - - - - - -   3 
Keonenui Beach C HI199865 Dry - - - - - - -   3 
Kihei Coast-near 
shore waters to 
60' from Kihei 
North-Kalama 
Beach 

C HIW00056 Dry - Y Y - Y N - TSS (Y) 3,5 
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Table 14. MAUI Marine Waters - Not Associated with a Nearshore AU 

Scopes of 
Assessment Not 
Associated with 
Nearshore AU 

Water 
Body Type 

Water 
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Other Parameters Category 

Koki Beach Park 
(VFW) C HI650469 Dry - - - - - - -   3 

Kuiaha Bay C HI852861 Dry - - - - - - -   3 
Lahaina Harbor B HIW00137 Dry - - - - - N -   3,5 
La Perouse Bay C HI674004 Dry - - - - - - -   3 
Leho'ula Beach C HI884223 Dry - - - - - - -   3 
Ma'alaea Boat 
Harbor Station B HIW00082 Dry - N N - - N N   3,5 

Ma'alaea Small 
Boat Harbor B HIW00140 Dry - - - - - N N   3,5 

Maka'alae Point C HI978171 Dry - - - - - - -   3 
Makena Landing-
Malu’aka Beach C HIW00142 Dry - N N N A N N   2,3,5 

Mala Wharf C HIW00171 Dry N - - - N N N   3,5 
Mala Wharf Area C HIW00138 Dry - N N N A N N   2,3,5 
Mantokuji Bay C HI482300 Dry - - - - - - -   3 
Mokulau C HI519980 Wet - - - - - - -   3 
Nahiku C HI983172 Wet - - - - - - -   3 
Nu'u Bay C HI176594 Dry - - - - - - -   3 
Oneloa Beach 
(Big Beach)-Ahihi 
Kinau 

C HIW00144 Dry - N N N A A N  2,3,5 

Poolenalena-
Makena Landing C HIW00143 Dry - N N N A A N   2,3,5 

Punalau C HI641109 Dry - - - - - - -   3 
Waikoloa Beach C HI796679 Dry - - - - - - -   3 
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Table 14. MAUI Marine Waters - Not Associated with a Nearshore AU 

Scopes of 
Assessment Not 
Associated with 
Nearshore AU 
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Body Type 
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Other Parameters Category 

Waimaha'ihai 
Beach C HI236756 Dry - - - - - - -   3 

West Maui Coast-
near shore waters 
to 60' from 
Honolua-Lahaina 

C HIW00060   - Y Y - Y N - TSS (Y) 3,5 

West Maui-
Honokowai 
Watershed 

C HIW00208 Dry - - - - - - -   3 

West Maui-
Kahana 
Watershed 

C HIW00207 Dry - - - - - - -   3 

West Maui-
Wahikuli 
Watershed 

C HIW00209 Dry - - - - - - -   3 
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Table 15. HAWAII Inland Waters 

Assessed Water 
Body 

Water 
Body 
Type 
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Other Parameters Category 

Aamakao Stream EN 8-1-12 Dry - A A A N A   2,3,5 
Aamakao Stream EN 8-1-12 Wet - A A A A A   2,3 

Alenaio Stream EN 8-2-
61.01.1   - V V V - -   3,5 

Hakalau Stream EN 8-2-32   - V V V V -   3,5 
Halawa Stream EN 8-1-11   - - - - - -   3 
Halelua Stream EN 8-1-10 Wet - - - - N1c -   3,5 
Hanaula Stream EN 8-1-06   - - - - - -   3 
Hapahapai Stream EN 8-1-07   - - - - - -   3 
Honolii Stream EN 8-2-56 Dry - A A A N A   2,3,5 
Honolii Stream EN 8-2-56 Wet - A A A A A   2,3 
Kaieie Stream EN 8-2-49 Dry - A A A - A   2,3 
Kaieie Stream EN 8-2-49 Wet - V V V - -   3,5 
Kalaoa Stream EN 8-2-47 Both - Ac Ac Ac Ac Ac   2,3 
Kalaoa Stream EN 8-2-47 Dry - Ac Ac Ac A Ac   2,3 
Kapehu Stream EN 8-2-37 Dry - Ac N A N A   2,3,5 
Kapehu Stream EN 8-2-37 Wet - A A A A A   2,3 
Kapue Stream EN 8-2-53 Dry - Ac Ac Ac N Ac   2,3,5 
Kapue Stream EN 8-2-53 Wet - Ac Ac Ac - Ac   2,3 
Kapulena Stream EN 8-1-52   - - - - - -   3 
Kawaikalia Stream EN 8-1-53   - - - - - -   3 
Keaukaha Beach 
Park Estuary EE HI849313 NA A - - - A NA NH4(-) Chl a(-) 2,3 

Kolekole Stream EN 8-2-33 Dry - A A A A A   2,3 
Kolekole Stream EN 8-2-33 Wet - A A A A A   2,3 
Kumakua Stream EN 8-1-03   - - - - - -   3 
Lalakea Stream EN 8-1-45 Dry - Ac Ac Ac N Ac   2,3,5 
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Table 15. HAWAII Inland Waters 

Assessed Water 
Body 

Water 
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Lalakea Stream EN 8-1-45 Wet - Ac Ac Ac A Ac   2,3 

Lehia Beach Estuary EE HI691720 NA A - - - - NA NH4(-) Chl a(-) 2,3 

Leleiwi Beach 
Co. Park Estuary EE HI540868 NA A - - N A NA NH4(-) Chl a(-) 2,3,5 

Leleiwi Beach 
Co. Park 
(Richardson 
Ocean Center) 

Estuary EE HIW00030 NA A - - - N NA NH4(-) Chl a(N) 2,3,5 

Maili Stream EN 8-2-57 Dry - Ac Ac Ac N Ac   2,3,5 
Maili Stream EN 8-2-57 Wet - Ac Ac Ac Ac Ac   2,3 
Nanue Stream EN 8-2-27   - - - - - -   3 
Nienie Stream EN 8-1-61   - - - - - -   3 
Niulii Stream EN 8-1-13 Dry - A A A N A   2,3,5 
Niulii Stream EN 8-1-13 Wet - A A A A A   2,3 
Paheehee Stream EN 8-2-34 Dry - Ac Ac Ac A Ac   2,3 
Paheehee Stream EN 8-2-34 Wet - Ac Ac Ac Ac Ac   2,3 
Pali Akamoa Stream EN 8-1-08   - - - - - -   3 
Pololu Stream EN 8-1-15 Dry - - - - - -   3 
Pololu Stream EN 8-1-15 Wet - - - - Ac -   2,3 
Pukihae Stream EN 8-2-59 Dry - Ac Ac Ac A Ac   2,3 
Pukihae Stream EN 8-2-59 Wet - Ac Ac Ac Ac Ac   2,3 
Waiakea Stream EN 8-2-61   - V V V - -   3,5 
Waialeale Stream EN 8-1-50   - - - - - -   3 
Waikama Stream EN 8-1-14 Dry - A A A N A   2,3,5 
Waikama Stream EN 8-1-14 Wet - A A A A A   2,3 
Waikoloa Stream EN 8-1-51   - - - - - -   3 
Wailoa Estuary EE 8-2-61-E   - V V V V -   3,5 
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Other Parameter Category 

Wailoa River  
Estuary EE HIW00172 NA N N N N - NA NH4(N) Chl a(-) 3,5 

(Boat Ramp) 
Wailoa/Waipio Stream EN 8-1-44 Dry - N N N A A   2,3,5 
Wailoa/Waipio Stream EN 8-1-44 Wet - Nc N1 Ac A Ac   2,3,5 
Wailuku Stream EN 8-2-60 Dry - A N A A A   2,3,5 
Wailuku Stream EN 8-2-60 Wet - A A A A A   2,3 
Wainaia Stream EN 8-1-09 Dry - Ac Ac Ac - Ac   2,3 
Wainaia Stream EN 8-1-09 Wet - Ac Ac Ac N Ac   2,3,5 
Waipunahoe Stream EN 8-1-49   - - - - - -   3 
Waipunalau Stream EN 8-1-77   - - - - - -   3 
Waiulili Stream EN 8-1-47 Dry - - - - - -   3 
Waiulili Stream EN 8-1-47 Wet - - - - Ac -   2,3  
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Table 16. HAWAII Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 

*Nearshore Assessment
Unit with Individual Water 

Bodies 

Water Body 
Type 

Water Body 
ID 

Wet/Dry 
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Other Parameter Category 

HAKALAU NEARSHORE C HIW40001 Wet - - - - - - - 3 
*Hakalau Co. Park C HI138086 Wet A - - - - - - 2,3 
HILEA NEARSHORE C HIW40002 Dry - - - - - - - 3 
*Kawa Bay C HI535602 Dry - - - - - - - 3 
*Punalu'u C HI224651 Dry A - - - - - - 2,3 
*Ninole C HI124561 Dry - - - - - - - 3 
*Whittington Beach Co. Park C HI720900 Dry A - - - - - - 2,3 
HONOKOHAU 
NEARSHORE KONA K HIW40003 NA A - - - - N - 2,3,5 

*Honokohau Beach K HI315174 NA A N N N N N A PO4(N) 2,5 
*Kona Dog Beach K HIW00226 NA A - - - - N - 2,3,5 
HONOKOHAU 
NEARSHORE 
HONOKOHAU HARBOR 

B HIW40004 Dry - - - - - - - 3 

*Honokohau Boat Harbor B HIW00099 Dry - - - - - - - 3 
KAMAKOA NEARSHORE K HIW40005 NA A - - - - N N 2,3,5 
*Hapuna Beach St.
Recreation Area K HI621002 NA A N N N N N N 2,5 

*Kauna'oa Beach K HI261869 NA A - - - - N - 2,3,5 
*Puako K HI668132 NA A - - - - N N 2,3,5 
*Puako Bay K HIW00033 NA A - - - - N - 2,3,5 
KAWAIHAE NEARSHORE 
KAWAIHAE HARBOR B HIW40006 Dry A - - - - N - 2,3,5 

*Kawaihae Harbor B HI978783 Dry A - - - - N - 2,3,5 
KAWAIHAE NEARSHORE 
KONA K HIW40007 NA - - - - - - - 3 
*Pelekane Bay K HI738158 NA A N N N N N N 2,5 
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Table 16. HAWAII Marine Waters 

Most marine water bodies are located (*) within their respective CWB nearshroe assessment unit. The nearshore assessment unit provides a holistic view of waters within the 
State. 

*Nearshore Assessment 
Unit with Individual Water 
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Other Parameters Category 

KEAHOLE NEARSHORE K HIW40008 NA A A N A A N A PO4(A) 2,5 

*Pine Trees K HI320616 NA A N N N N N N PO4(N) 2,5 
*Pine Trees-Honokohau K HIW00146 NA - A N N A N A PO4(N) 2,3,5 
*Wawaloli Beach K HI643938 NA A A N A A N A PO4(A)  2,5 
*2nd Beach (next to 
Mahaiula) K HI616452 NA A - - - - N -   2,3,5 

*Wawaloli Beach-Pine Trees K HIW00147 NA - A A A A N A PO4(A) 2,3,5 
*Keahole Point K HIW00203 NA - A A A A A A PO4(A) 2,3 
KEALAKEKUA 
NEARSHORE K HIW40009 NA A N N N N N A PO4(N) 2,5 

*Manini Point Co. Park K HI379764 NA - - - - - - -  3 
*Kealakekua Bay (off Curio 
Stand) K HIW00183 NA A - - - - N -   2,3,5 

*Kealakekua Bay K HIW00149 NA - N N N N N A PO4(N) 2,3,5 

KIHOLO NEARSHORE K HIW40010 NA A N N A A N A PO4(N) 2,5 
*Manini'owali K HI720408 NA A A A N A N A PO4(A) 2,5 
*Kahuwai Bay-Mano Point K HIW00153 NA - A N A A N A PO4(A) 2,3,5 
*Kuki'o Bay K HIW00154 NA - N N A N N A PO4(N) 2,3,5 
*Ka'upulehu K HI770607 NA A A N A A N A PO4(N) 2,5 
*Kahuwai Bay K HI990843 NA - - - A - N A   2,3,5 
KILAUEA NEARSHORE C HIW40011 Dry - - - - - - -   3 
*Ahalanui Pond (Puala'a) C HI707059 Dry A - - - - N -   2,3,5 
*Kapoho Bay C HI391407 Dry A - - - - N -   2,3,5 
*Kapoho Tidepools 
(Vacationland) C HI122881 Dry A - - - - N -   2,3,5 
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Table 16. HAWAII Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 

*Nearshore Assessment
Unit with Individual Water
Bodies

Water Body 
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Other Parameters Category 

*Pohoiki Beach C HI316864 Dry A - - - - N - 2,3,5 
*Kapoho Beach Lots C HIW00196 Dry A - - - - - - 2,3 
*Kehena C HI459942 Dry A - - - - - - 2,3 
*Kalapana Beach (new)
(Harry K. Brown Beach Co.
Park)

C HI542822 Dry A - - - - - - 2,3 

KIILEA NEARSHORE 
COASTAL C HIW40012 Dry A - - - - N - 2,3,5 

*Miloli'i Beach C HI470112 Dry A - - - - N - 2,3,5 
*Ho'okena C HI152572 Dry A - - - - N - 2,3,5 
KIILEA NEARSHORE 
KONA K HIW40013 NA A - - - - N - 2,3,5 

*Honaunau Bay (2 Step) K HI246645 NA A - - - - N - 2,3,5 
*Pu'uhonua o Honaunau K HI478461 NA - - - - - - - 3 
*Keone'ele Cove K HI559410 NA A - - - - - - 2,3 

KILAU NEARSHORE C HIW40014 Wet - - - - - - - 3 
*Laupahoehoe Beach Co.
Park C HI380623 Wet A - - - - - - 2,3 

KOLEKOLE NEARSHORE C HIW40015 Wet - - - - - - - 3 

*Kolekole Beach Co. Park C HI693485 Wet A - - - - N - 2,3,5 
MAILI NEARSHORE C HIW40016 Wet A N - - A N N 2,3,5 
*Honoli'i Beach Co. Park C HI857411 Wet A N - - A N N 2,3,5 
NIULII NEARSHORE C HIW40017 Dry - - - - - - - 3 
*Keokea Beach Co. Park C HI784200 Dry - - - - - - - 3 
POHAKULOA 
NEARSHORE K HIW40018 NA A N N N N N N PO4(N) 2,5 

*Holoholokai K HI582331 NA A - - - - N - 2,3,5 
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Table 16. HAWAII Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 
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Unit with Individual Water 
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Other Parameters Category 

*Mauna Lani (Kalahuipua'a) K HI890924 NA A - - - - N -   2,3,5 
*Anaehoomalu Bay K HI326172 NA A     - - N N   2,3,5 
*Waiulua Bay to 
Anaehoomalu Bay K HIW00148 NA - N N N N N N PO4(N) 3,5 

POLOLU NEARSHORE C HIW40019 Dry - - - - - - -  3 
*Pololu Valley C HI183806 Dry - - - - - - -   3 
SOUTH POINT 
NEARSHORE C HIW40020 Dry - - - - - - - 

 
3 

*Ka Lae (South Point) C HI107517 Dry - - - - - - -   3 
WAIAHA NEARSHORE  K HIW40021 NA A A N N A N N PO4(N) 2,5 
*Keauhou Bay (Kona) K HI713293 NA A - - - - N -   2,3,5 
*Kahalu'u Beach Co. Park K HI013290 NA A - - - - N N   2,3,5 
*White Sands Beach Co. Park 
(Magic Sands) K HI436267 NA A - - - - N N   2,3,5 

*Banyan's Surfing Area K HI713314 NA A - - - - N -   2,3,5 
*Kailua Bay K HI753566 NA A - - - - N -   2,3,5 
*Kamakaokahonu K HIW00032 NA A A - - A N N   2,3,5 
*Kamakaokahonu (Kailua 
Pier A-1) K HI261474 NA A - - - N N N   2,3,5 

*Old Kona Airport St. 
Recreation Area K HI256093 NA A - - - - N -   2,3,5 

*Paaoao Point to 
Keawekaheka Point K HIW00145 NA - A A A A N A PO4(A) 2,3,5 

WAIKOLOA NEARSHORE K HIW40022 NA A - - - - N -  2,3,5 
*Spencer Beach Co. Park K HI936372 NA A - - - - N N   2,3,5 
*Waiulaula K HI934020 NA A N N N N N N   2,5 
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Table 16. HAWAII Marine Waters 
Most marine water bodies are located (*) within their respective CWB nearshore assessment unit. The nearshore assessment unit provides a holistic view of waters within the 

State. 

*Nearshore Assessment
Unit with Individual Water
Bodies
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Other Parameters Category 

WAILOA/WAIPIO 
NEARSHORE C HIW40023 Wet - - - - - - - 3 

*Waipi'o Bay C HI534434 Wet - - - - - - - 3 
WAIOLA NEARSHORE 
EMBAYMENT B HIW40024 Wet A N A A N N N 2,5 

*Hilo Bay (Lighthouse) B HIW00028 Wet N A N N N N A 2,5 
*Hilo Bay (Canoe Beach) B HI315019 Wet A N N A N N N 2,5 
*Hilo Bay (Boat Landing) B HIW00027 Wet A - - - - N N 2,3,5 
*Hilo Bay (Coconut Isle) B HI977673 Wet A - - - - N - 2,3,5 
*Hilo Bay (Exit of Ice Pond) B HI659453 Wet A N N A N A A 2,5 
WAIOLA NEARSHORE 
COASTAL C HIW40025 Wet A N N N N N N 2,5 

*Radio Bay C HI425303 Wet A - - - - - - 2,3 
*James Kealoha Park C HI670254 Wet A N - - N N N 2,3,5 
*Leleiwi Beach Co. Park
Coastal C HIW00220 Wet A N - - N N N 2,3,5 

*Onekahakaha Beach Co.
Park C HI862286 Wet A N - - A N N 2,3,5 

*Onekahakaha Beach Co.
Park (Puhi Bay #3) C HIW00029 Wet A - - - - N N 2,3,5 
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Table 17. HAWAII Marine Waters - Not Associated with a Nearshore AU 

Scopes of 
Assessment Not 
Associated with 
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Other  
Parameters Category 

Halape Shelter C HI645539 Dry - - - - - - -   3 
Hilo Bay (Offshore) B HIW00031 Wet - - N N - N N   3,5 
Hilo Bay-inshore of 
breakwater and near 
shore waters from 
Wainaku to Paukaa 

B HIW00098 Wet - V V - V N -   3,5 

Honaunau Bay K HIW00176 NA - - - - - - -   3 
Kahoiawa Bay K HIW00150 NA - N A A A N A   2,3,5 
Kahoiawa Bay-
Makalawena K HIW00151 NA - N A A A N A   2,3,5 

Kakapa Bay K HIW00152 NA - N A A A N A   2,3,5 
Kaluhika'a Beach K HI327989 NA - - - - - - -   3 
Kamoa Point K HI602472 NA - - - - - - -   3 
Kapu'a Bay C HIW00067 Dry - - - - - - -   3 
Kauilii Point-Kapaa 
Beach Park C HIW00201 Dry - N N N A A N   2,3,5 

Kauilii Point-Kapaa 
Beach Park (Oceanic) O HIW00202 NA - N A A N N N   2,3,5 

Kawaihae 
Harbor/Pelekane Bay B HIW00155 Dry - - - - - N -   3,5 

Kealia Beach C HI514168 Dry - - - - - - -   3 
Keawaiki K HI929053 NA - - - - - - -   3 
Ke'ei K HI858729 NA - - - - - - -   3 
Kulaimano C HIW00204 Wet - A A A A A A   2,3 
Lapakahi St. Hist. 
Park C HI490010 Dry - - - - - - -   3 

Mahai'ula Bay K HI694255 NA - - - - - - -   3 
Mahukona Beach Co. 
Park C HI273526 Dry - - - - - - -   3 
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Table 17. HAWAII Marine Waters - Not Associated with a Nearshore AU 

Scopes of 
Assessment Not 
Associated with 
Nearshore AU 

Water 
Body Type 

Water 
Body ID 

Wet/Dry 
Criteria 
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Parameters Category 

Mahukona Harbor C HIW00197 Dry - N N N A N N   2,3,5 
Mahukona Harbor 
(Oceanic) O HIW00198 NA - N A N N N N   2,3,5 

Makalawena K HI901744 NA - - - - - - -   3 
Makaohule Point-
Kauilii Point C HIW00199 Dry - N N N A A N   2,3,5 

Makaohule Point-
Kauilii Point 
(Oceanic) 

O HIW00200 NA - N A A N N N   2,3,5 

Makole'a Beach K HI223059 NA - - - - - - -   3 
Mau'umae Beach K HI120357 NA - - - - - - -   3 
Ohai'ula Beach K HI143737 NA - - - - - - -   3 
Pahoehoe Beach Co. 
Park K HI935352 NA - - - - - - -   3 

Papa'i (King's 
Landing) C HI112071 Dry - - - - - - -   3 

Pueo Bay K HI930479 NA - - - - - - -   3 
Puhi Bay C HIW00206 Wet A A N A A A A   2,5 
Road to the Sea C HI849236 Dry - - - - - - -   3 
Waialea Bay K HI381812 NA - - - - - - -   3 
Waipahi Point C HIW00205 Wet - A A A A A A   2,3 
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APPENDIX C: §303(d) List of Impaired Waters 
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Legend for Inland Waters 
Scope of Assessment:  EN = Entire network; EE = Entire estuary; ER = Entire reservoir; EW = Entire wetland; EL = Entire lake; E = Estuary 
Water Body Type:  P = Pearl Harbor 
 
Legend for Marine Waters 
Water Body Type:  B = Embayment; C = Open coastal; O = Oceanic; K = Kona marine waters 
Season:  NA = Not applicable 
 
Legend for Inland or Marine Waters 
TMDL Priority Codes:  H = High; M = Medium; L = Low priority for initiating TMDL development within the current monitoring and assessment cycle 
H = Bold, italicized, underlined and shaded notations denote priority change from previous list 
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Table 1. Kauai Inland Listed Waters 

Assessed Water 
Body 

Water 
Body Type 

Scope of 
Assessment 

Water 
Body ID 

Season Impairment(s) TMDL Priority 

Anahola Stream EN 2-2-01 Dry Enterococci, Turbidity L Anahola Stream EN 2-2-01 Wet Enterococci, Turbidity 
Hanalei Stream EN 2-1-19 Dry 

Enterococci, TP 
TMDLs approved 2008 (Entero, 

Turbidity & TSS), 
L (Nutrients) 

Hanalei Stream EN 2-1-19 Wet Enterococci TMDLs approved 2008 (Entero, 
Turbidity & TSS) 

Hanalei Bay 
upstream of Dolphin 

Estuary EE HIW00160 NA 
Enterococci, Turbidity TMDLs approved 2008 (Entero & 

Turbidity) 
Hanalei River (End 
of Weke Road) 

Estuary EE HI385259 NA Enterococci, TP, Turbidity, NH4 
TMDLs approved 2008 (Entero & 

Turbidity), L (Nutrients) 
Hanamaulu Stream EN 2-2-12 Dry Turbidity L Hanamaulu Stream EN 2-2-12 Wet Turbidity 
Hanapepe Stream EN 2-3-07 Dry Turbidity L Hanapepe Stream EN 2-3-07 Wet Turbidity 
Huleia Stream EN 2-2-15 Dry Enterococci, TN, NO3+NO2, Turbidity TMDLs approved 2008 

(Entero, Nutrients, Turbidity & 
TSS) 

Huleia Stream EN 2-2-15 Wet Enterococci 
Kalihiwai Stream EN 2-1-25 Dry Enterococci 

L Kalihiwai Stream EN 2-1-25 Wet Enterococci 
Kapaa Stream EN 2-2-04 Dry Turbidity L Kapaa Stream EN 2-2-04 Wet Turbidity 
Kilauea Stream EN 2-1-28 Dry Turbidity L Kilauea Stream EN 2-1-28 Wet Turbidity 
Lawai Stream EN 2-3-04 Dry TN, NO3+NO2, Turbidity L Lawai Stream EN 2-3-04 Wet Turbidity 
Limahuli Stream EN 2-1-12 Dry NO3+NO2 L 
Manoa Stream EN 2-1-13 Dry Turbidity L 

 Manoa Stream EN 2-1-13 Wet Turbidity 
Moloaa Stream EN 2-1-34 Dry Enterococci, Turbidity L Moloaa Stream EN 2-1-34 Wet Enterococci, Turbidity 
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Table 1. Kauai Inland Listed Waters 

Assessed Water 
Body 

Water 
Body Type 

Scope of 
Assessment 

Water 
Body ID Season Impairment(s) TMDL Priority 

Nawiliwili Stream EN 2-2-13 Dry Enterococci, TN, NO3+NO2, Turbidity TMDLs approved 2008 
(Entero, Nutrients, Turbidity & 

TSS) 
Nawiliwili Stream EN 2-2-13 Wet Enterococci, TN, NO3+NO2 

Papaa Stream EN 2-1-35 Dry TN, NO3+NO2, Turbidity L 
Papakolea Stream EN 2-2-16 Dry Enterococci, TN, NO3+NO2, TP, 

Turbidity, TSS 

TMDLs approved 2008 
(Entero, Nutrients, Turbidity & 

TSS) 
Papakolea Stream EN 2-2-16 Wet Enterococci, TN, NO3+NO2, TP, 

Turbidity, TSS 

TMDLs approved 2008 
(Entero, Nutrients, Turbidity & 

TSS) 
Puali Stream EN 2-2-14 Dry Enterococci, TN, NO3+NO2, Turbidity TMDLs approved 2008 

(Entero, Nutrients, Turbidity & 
TSS) 

Puali Stream EN 2-2-14 Wet Enterococci, TN, NO3+NO2, Turbidity 

Uhelekawawa Stream EN 2-2-
Uhelekawa

wa 

 
Turbidity L 

Wahiawa Stream EN 2-3-06 Dry TN, NO3+NO2, Turbidity L Wahiawa Stream EN 2-3-06 Wet TN, NO3+NO2, Turbidity 
Waikoko Estuary EE HIW00162 NA Enterococci, TN, NO3+NO2, TP, 

Turbidity, NH4 
TMDL approved 2008 (Turbidity & 

TSS), L (Entero & Nutrients) 
Waikomo Stream EN 2-3-02 Dry TN, NO3+NO2, Turbidity L Waikomo Stream EN 2-3-02 Wet TN, NO3+NO2, Turbidity 
Wailua Stream EN 2-2-08 Dry Enterococci, Turbidity L 
Wailua Stream EN 2-2-08 Wet Enterococci L 
Waimea Stream EN 2-4-04 Dry TP, Turbidity L Waimea Stream EN 2-4-04 Wet Turbidity 
Waimea Estuary EE 2-4-04-E NA Turbidity L 
Waioli Estuary EE HIW00163 NA Enterococci, NO3+NO2, TP, Turbidity, 

NH4 

TMDL approved 2008 (Turbidity& 
TSS), L (Entero & Nutrients) 

Waioli Stream EN 2-1-18 Dry Enterococci, Turbidity L 
Waioli Stream EN 2-1-18 Wet Enterococci, Turbitiy L 
Waiopili Stream EN 2-3-99 Wet Enterococci, Turbidity L 
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Table 1. Kauai Inland Listed Waters 

Assessed Water 
Body 

Water 
Body Type 

Scope of 
Assessment 

Water 
Body ID Season Impairment(s) TMDL Priority 

Waipa  Estuary EE HIW00164 NA 
Enterococci, NH4, TP, Turbidity 

TMDL approved 2008 (Turbidity 
&TSS), L (Entero & Nutrients) 

Waipa Stream EN 2-1-17 Dry Enterococci TMDLs approved 2008 (Turbidity 
& TSS), L 

Waipa Stream EN 2-1-17 Wet Enterococci L 
Total Number of Kauai Inland Water Bodies Listed for At Least 
One Impairment 

 30  
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Table 2. Oahu Inland Listed Waters 
Assessed Water 

Body 
Water 

Body Type 
Scope of 

Assessment 
Water 

Body ID Season Impairment(s) TMDL Priority 

Ahuimanu Stream EN 3-2-07.03 Wet Enterococci, Turbidity L Ahuimanu Stream EN 3-2-07.03 Dry Enterococci, Turbidity 
Aiea Stream EN 3-4-03 Wet TN, NO3+NO2, Turbidity, Trash L Aiea Stream EN 3-4-03 Dry TN, NO3+NO2, Turbidity, Trash 
Ala Wai Canal & 
Boat Harbor 

Estuary EE HIW00050 NA Enterococci, TN, NO3+NO2, TP, 
Turbidity, Pathogens, Metals, TSS, 
Organochlorine Pesticides, Lead,  

Fish Consumption Advisory 

TMDLs approved 1996 & revised 
2002 (Canal TN & TP), L (Others) 

Ala Wai Canal & 
Harbor (Canal-
Diamond Head Stn) 

Estuary EE HIW00085 NA Enterococci, TN, TP, Turbidity, Chl a 
L 

Ala Wai Canal & 
Harbor (Manoa & 
Palolo KHS Stn) 

Estuary EE HIW00036 NA TN, TP, Turbidity, Chl a 
L 

Ala Wai Canal & 
Harbor (Manoa 
Stream Fork Stn) 

Estuary EE HIW00035 NA TN, Turbidity, Fecal 
L 

Ala Wai Canal & 
Harbor (Manoa-
Palolo Stream 
Mouth Stn) 

Estuary EE HIW00087 NA TN, TP, Turbidity, Chl a 

L 

Ala Wai Canal & 
Harbor  
(McCully Bridge 
Stn) 

Estuary EE HIW00086 NA Enterococci 

L 

Ala Wai Canal & 
Harbor  
(Palolo Stream Fork) 

Estuary EE HIW00034 NA TN, Turbidity, Fecal 
L 

Anahulu Estuary EE 3-6-08-E  Enterococci, TN, NO3+NO2, TP, 
Turbidity L 

Halawa Stream EN 3-4-02  TN, NO3+NO2, TP, Turbidity L 
Heeia Estuary EE 3-2-08-E  Enterococci L 
Heeia Stream EN 3-2-08 Dry TN, NO3+NO2 L 
Helemano Stream EN 3-6-07.02  TN, NO3+NO2, TP, Turbidity L 
Kaaawa Stream EN 3-1-19  TN, NO3+NO2, TP, Turbidity L 
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Table 2. Oahu Inland Listed Waters 
Assessed Water 

Body 
Water 

Body Type 
Scope of 

Assessment 
Water 

Body ID Season Impairment(s) TMDL Priority 

Kaalaea Stream EN 3-2-05 Dry TN, NO3+NO2, Turbidity L 
Kaalaea Stream EN 3-2-05 Wet TN, NO3+NO2,  L 
Kaelepulu Stream EN 3-2-14  TN, NO3+NO2, TP, Turbidity H 
Kaelepulu Stream-
Kailua Beach 

Estuary EE HIW00182 NA Enterococci, TN, TP, Turbidity, Chl a H 

Kahaluu Estuary EE 3-2-07-E  Enterococci, Turbidity L 
Kahaluu Stream EN 3-2-07.02 Dry Enterococci, NO3+NO2, Turbidity L Kahaluu Stream EN 3-2-07.02 Wet Enterococci 
Kahana Stream EN 3-1-18 Dry NO3+NO2, Turbidity L 
Kahawainui Stream EN 3-1-07  TN, NO3+NO2, TP, Turbidity L 
Kalauao Stream EN 3-4-04-01 Dry TN, NO3+NO2, Turbidity L Kalauao Stream EN 3-4-04-01 Wet TN, NO3+NO2 

Kalihi Stream EN 3-3-11 Dry NO3+NO2, Turbidity, Trash H Kalihi Stream EN 3-3-11 Wet TN, NO3+NO2, Trash 
Kamooalii (Trib to 
Kaneohe Stream) 

Stream Kamooalii 
Trib 

3-2-10.01 Dry TN, NO3+NO2, TP, Turbidity 

TMDLs approved 2010 (TN &TP), 
 L (Others) 

Kamooalii (Trib to 
Kaneohe Stream) 

Stream Kamooalii 
Trib 

3-2-10.01 Wet TN, NO3+NO2, TP 

Kaneohe Stream EN 3-2-10 Dry TN, NO3+NO2, TP, Turbidity, Dieldrin 
Kaneohe Stream EN 3-2-10 Wet TN, NO3+NO2, TP, Turbidity, Dieldrin 
Kapaa Stream EN 3-2-13-

Kapaa 
 TN, NO3+NO2, TP, Turbidity, TSS, 

Metals, Lead 
TMDLs approved 2007 (TN, TP & 

TSS) 
Kapakahi Stream EN 3-4-

Kapakahi 
Wet TN, NO3+NO2, TP, Trash 

L Kapakahi Stream EN 3-4-
Kapakahi 

Dry Turbidity, Trash 

Kapalama Stream EN 3-3-10  TN, NO3+NO2, TP, Turbidity, Trash L 
Kaukonahua Stream EN 3-6-06.02 Dry TN, NO3+NO2, Turbidity L Kaukonahua Stream EN 3-6-06.02 Wet TN, NO3+NO2, Turbidity 
Kaukonahua (N 
Fork) 

Stream EN 3-6-06.02.2  TN, Turbidity 
TMDLs approved 2010 (TN 

&Turbidity) Kaukonahua (S 
Fork) 

Stream EN 3-6-06.02.1  TN, Turbidity 

Kaupuni Stream EN 3-5-05  TN, NO3+NO2, TP, Turbidity, Trash H 
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Table 2. Oahu Inland Listed Waters 

Assessed Water 
Body 

Water 
Body Type 

Scope of 
Assessment 

Water 
Body ID Season Impairment(s) TMDL Priority 

Kawa Stream EN 3-2-11  TN, NO3+NO2, TP, Turbidity, TSS TMDLs approved 2002  & revised 
2005 (TN, TP&TSS) 

Kawailoa Stream EN 3-6-08.01  TN, NO3+NO2, TP, Turbidity L 
Keaahala Stream EN 3-2-09 Dry TN, NO3+NO2, TP, Turbidity, Trash L Keaahala Stream EN 3-2-09 Wet TN, NO3+NO2,  Trash 
Kuliouou Stream  3-3-03 Dry Enterococci L 
Kuliouou Stream  3-3-03 Wet Enterococci L 
Makiki Stream EN ALWS06 Dry TN, TP L 
Manoa Stream EN 3-3-07.01  TN, NO3+NO2, TP, Turbidity, 

Dieldrin, Chlordane L 

Maunawili Stream EN 3-2-13.01  TN, NO3+NO2, TP, Turbidity, Trash L 
Moanalua Stream EN 3-3-12.01 Dry TN, Turbidity, Trash H Moanalua Stream EN 3-3-12.01 Wet TN, Trash 
Nuuanu Stream EN 3-3-09 Dry TN, NO3+NO2, TP, Turbidity, TSS, 

Trash, Dieldrin, Chlordane L Nuuanu Stream EN 3-3-09 Wet TN, NO3+NO2, Turbidity, Trash, 
Dieldrin, Chlordane 

Opaeula Stream EN 3-6-07.01  TN, NO3+NO2, TP, Turbidity L 
Palolo Stream EN 3-3-0.7.01.1  Trash L 
Paukauila Estuary EE 3-6-07-E  TN, NO3+NO2, TP, Turbidity L 
Pearl Harbor Estuary (P) EE HIW00006 NA TN, TP, Chl a  L 
Pearl Harbor-harbor 
waters and near 
shore waters to 30' 
from Keehi Lagoon 
to Oneula Beach 

Estuary (P) EE HIW00119 NA TN, NO3+NO2, TP, Turbidity,PCBs, 
Fish Consumption Advisory 

L 

Poamoho Stream EN 3-6-06.01  TN, NO3+NO2, TP, Turbidity L 
Salt Lake Lake EL 3-3-12-Salt 

Lake 
 Turbidity, Trash L 

Wahiawa Reservoir Reservoir ER 3-6-06.02-R  TN, NO3+NO2, TP, Turbidity L 
Waiahole Stream EN 3-2-04 Dry Enterococci, NO3+NO2, TP, Turbidity L Waiahole Stream EN 3-2-04 Wet Enterococci, NO3+NO2 

Waiawa Stream EN 3-4-06 Wet Turbidity, Trash L 
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Table 2. Oahu Inland Listed Waters 
Assessed Water 

Body 
Water 

Body Type 
Scope of 

Assessment 
Water 

Body ID Season Impairment(s) TMDL Priority 

Waiawa Stream EN 3-4-06 Dry TN, NO3+NO2, TP, Turbidity, Trash L 
Waihee Stream EN 3-2-07.01 Wet Enterococci, TN, NO3+NO2, TP L Waihee Stream EN 3-2-07.01 Dry Enterococci, TN, NO3+NO2, Turbidity 
Waikane Stream EN 3-2-02 Dry NO3+NO2 L Waikane Stream EN 3-2-02 Wet NO3+NO2 

Waikele Stream EN 3-4-10 Dry TN, NO3+NO2 TMDL Completed Feb. 2019 for 
Nutrients Waikele Stream EN 3-4-10 Wet TN, NO3+NO2, Turbidity 

Wailele Stream EN 3-1-08 Wet Turbidity L 
Waimalu Stream EN 3-4-05 Wet Turbidity L 
Waimanalo Stream EN 3-2-15  TN, NO3+NO2, TP, Turbidity, TSS TMDLs approved 2001 (Nutrients 

& Sediment) 
Waimano Stream EN 3-4-06.01  Turbidity L 
Waiola Stream EN 3-2-07.04 Wet Turbidity L Waiola Stream EN 3-2-07.04 Dry Turbidity 
Total Number of Oahu Inland Water Bodies Listed for At Least 
One Impairment 

 56  
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Table 3. Molokai Inland Listed Waters 
Assessed Water 

Body 
Water 

Body Type 
Scope of 

Assessment 
Water 

Body ID Season Impairment(s) TMDL Priority 

Waialua Stream EN 4-2-04 Dry Turbidity L 
Total Number of Molokai Inland Waters Listed for At Least 
One Impairment 

 1  

 
 

Table 4. Maui Inland Listed Waters 
Assessed Water 

Body 
Water 

Body Type 
Scope of 

Assessment 
Water 

Body ID Season Impairment(s) TMDL Priority 

Honokowai Stream EN 6-1-07  Turbidity L 
Iao Stream EN 6-2-09  Turbidity, Trash L 
Kahana Stream EN 6-1-08  Turbidity L 
Kahoma Stream EN 6-1-05  Turbidity L 
Kihei Coast-
Kaonoulu Estuary 

Estuary EE HIW00040 NA TN, NO3+NO2, Turbidity L 

Kihei Coast-Kealia 
Pond 

Estuary EE HIW00070 NA Chl a L 

Makamakaole Stream EN 6-2-06 Dry Turbidity L 
Maliko Stream EN 6-3-01 Wet Turbidity L 
Ohia Stream EN 6-4-12  TN, NO3+NO2, TP, Turbidity, Trash L 
Ukumehame Stream EN 6-1-01 Dry NO3+NO2 L 
Waihee Stream EN 6-2-07 Wet TN, NO3+NO2, TP L 
Waikapu Stream EN 6-2-10 Dry Turbidity L 
Waipio Stream EN 6-3-10 Wet Turbidity L 
Total Number of Maui Inland Water Bodies Listed for At Least 
One Impairment 

 13  
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Table 5. Hawaii Inland Listed Waters 
Assessed Water 

Body 
Water 

Body Type 
Scope of 

Assessment 
Water 

Body ID Season Impairment(s) TMDL Priority 

Aamakao Stream EN 8-1-12 Dry Turbidity L 
Alenaio Stream EN 8-2-61.01.1  TN, NO3+NO2, TP M 
Hakalau Stream EN 8-2-32  TN, NO3+NO2, TP, Turbidity L 
Halelua Stream EN 8-1-10 Wet Turbidity L 
Honolii Stream EN 8-2-56 Dry Turbidity M 
Kaieie Stream EN 8-2-49 Wet TN, NO3+NO2, TP L 
Kapehu Stream EN 8-2-37 Dry NO3+NO2, Turbidity L 
Kapue Stream EN 8-2-53 Dry Turbidity L 
Lalakea Stream EN 8-1-45 Dry Turbidity L 
Leleiwi Beach Co. 
Park 

Estuary EE HI540868 NA TP M 

Leleiwi Beach Co. 
Park (Richardson 
Ocean Center) 

Estuary EE HIW00030 NA Turbidity, Chl a 
L 

Maili Stream EN 8-2-57 Dry Turbidity M 
Niulii Stream EN 8-1-13 Dry Turbidity L 
Waiakea Stream EN 8-2-61  TN, NO3+NO2, TP L 
Waikama Stream EN 8-1-14 Dry Turbidity L 
Wailoa Estuary EE 8-2-61-E  TN, NO3+NO4, TP, Turbidity M 
Wailoa River (Boat 
Ramp) 

Estuary EE HIW00172 NA Enterococci, TN, NO3+NO2, TP, NH4 M 

Wailoa/Waipio Stream EN 8-1-44 Dry TN, NO3+NO2, TP L Wailoa/Waipio Stream EN 8-1-44 Wet TN, NO3+NO2 

Wailuku Stream EN 8-2-60 Dry  NO3+NO2 M 
Wainaia Stream EN 8-1-09 Wet Turbidity L 
Total Number of Hawaii Inland Water Bodies Listed for At 
Least One Impairment 

 20  
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Table 6. Kauai Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Anahola Beach Park HI823433 C Wet Turbidity L 
Anahola Nearshore HIW30004 C Wet Chl. a, Turbidity L 
Anini Beach HI338804 C Wet Turbidity L 
Anini Beach Park HI418744 C Wet Enterococci, Turbidity L 
Beach House Beach HI156238 C Dry Turbidity L 
Brennecke Beach HI166521 C Dry Turbidity L 
Haena Beach Park HI554189 C Wet Turbidity L 
Hanalei Bay (Landing) HIW00093 B Wet Enterococci, Turbidity TMDLs approved 2012 

(Entero & Turbidity) 
Hanalei Bay (Pavilion) HIW00092 B Wet NO3+NO2, NH4, Turbidity, Chl a L 
Hanalei Bay (Waioli Beach) HIW00091 B Wet Turbidity TMDLs approved 2012 

(Entero & Turbidity) 
Hanalei Bay Mooring 
Station 

HIW00157 B Wet Enterococci TMDLs approved 2012 
(Entero & Turbidity) 

Hanalei Nearshore HIW30005 B Wet NO3+NO2, NH4, Turbidity, Chl a TMDLs approved 2012 
(Entero & Turbidity), L 

Hanama'ulu Bay HIW00063 B Wet Turbidity L 
Hanama'ulu Bay (Beach) HIW00094 B Wet Enterococci, Turbidity L 
Hanapepe Bay-from 
breakwater to shore and 
near shore waters to 30' 
from Puolo Point to Paakehi 
Point 

HIW00048 B Wet TN, NO3+NO2, TP 

L 

Hanapepe Nearshore HIW30007 B Wet NH4, Turbidity L 
Hoea Nearshore HIW30008 C Dry Turbidity L 
Kalihikai Center Nearshore HIW30009 C Wet Enterococci, Turbidity L 
Kalihikai West Nearshore HIW30010 C Wet Turbidity L 
Kalihiwai Bay HI264001 C Wet Turbidity L 
Kalihiwai Nearshore HIW30011 C Wet Turbidity L 
Kapa'a Beach Co. Park HI972832 C Wet Turbidity L 
Kapa'a Nearshore HIW30012 C Wet Turbidity L 
Kapilimao Nearshore HIW30013 C Wet Turbidity L 
Kaumakani Nearshore HIW30015 C Wet NO3+NO2, NH4, Turbidity, Chl. a L 
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Table 6. Kauai Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Kawailoa Nearshore HIW30016 C Wet NH4, Turbidity L 
Kealia HI402035 C Wet Turbidity L 
Kee Beach HI124511 C Wet Turbidity L 
Kekaha Beach Co. Park HI530569 C Dry Turbidity L 
Koloa Landing HI955435 C Dry Enterococci, Turbidity L 
Kukuiula Bay HI619039 B Dry Turbidity L 
Limahuli Nearshore HIW30019 C Wet Turbidity L 
Lumaha'i Beach HI889639 C Wet Enterococci, Turbidity L 
Lydgate Park HI798758 C Wet NH4, Turbidity L 
Mana Point HIW00184 C Dry TN, NH4, Chl a L 
Manoa Nearshore HIW30022 C Wet Turbidity L 
Nawiliwili Bay (Kalapaki 
Beach) 

HIW00114 B Dry Enterococci, NO3+NO2, NH4, Turbidity, 
Chl a L 

Nawiliwili Bay (Nawiliwili 
Harbor) 

HIW00115 B Dry NO3+NO2, NH4, Turbidity, Chl a L 

Nawiliwili Bay (Offshore) HIW00116 B Wet NO3+NO2, NH4, Turbidity, Chl a L 
Nawiliwili Bay-from 
breakwater to shore 

HIW00059 B Dry TN, NO3+NO2, TP, Turbidity L 

Nawiliwili Nearshore HIW30025 B Dry Enterococci, NO3+NO2, NH4, Turbidity, 
Chl. a L 

Nukolii Beach Park HI502794 C Wet Turbidity L 
Pacific Missile Range 
Facility (Open Coastal) 

HIW00212 C Dry Turbidity, Chl a L 

Pacific Missile Range 
Facility/Barking Sands 
Beach 

HI176480 C Dry Turbidity 
L 

Pakala (Makaweli) HI468251 C Wet Turbidity L 
Prince Kuhio Park HI742228 C Dry Turbidity L 
Po'ipu Beach Co. Park HI396850 C Dry NO3+NO2, NH4, Turbidity L 
Polihale State Park HI247403 C Dry Turbidity L 
Port Allen Boat Harbor 
(Port Allen Pier) 

HIW00026 B Wet NH4, Turbidity L 

Salt Pond Beach Co. Park HI701008 C Wet NO3+NO2, NH4, Turbidity L 
Sheraton Beach HI542569 C Dry Turbidity L 
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Table 6. Kauai Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Shipwreck Beach HI358435 C Dry Turbidity L 
Tunnels Beach HI936087 C Wet Turbidity L 
Wai'ohai Beach HI392082 C Dry Turbidity L 
Waikaea Nearshore HIW30028 C Wet Turbidity L 
Waikomo Nearshore HIW30029 C Dry TN, NO3+NO2, NH4, Turbidity, Chl. a L 
Wailua (Open Coastal) HIW00215 C Wet Enterococci, Chl. a L 
Wailua (Wailua River 
Station) 

HI606168 C Wet Turbidity L 

Wailua Nearshore HIW30031 C Wet Turbidity L 
Waimea Bay Beach (Near 
River Station) 

HI862821 C Dry Enterococci L 

Waimea Bay Beach-near 
shore waters to 18' from 
Kekaha Oomano Point-1.5 
miles SE of Mahinaui 
Stream 

HIW00057 C Dry Turbidity, TSS 

L 

Waimea Nearshore HIW30032 C Dry Enterococci, Turbidity L 
Waimea Rec. Pier St. Park HI245235 C Dry Enterococci, Turbidity L 
Waioli Nearshore HIW30034 B Wet Turbidity TMDLs approved 2012 

(Entero & Turbidity) 
Waipouli Beach HI682678 C Wet Turbidity L 
Total Number of Kauai Marine Water Bodies Listed for At 
Least One Impairment 

65 
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Table 7. Oahu Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Ala Moana Beach (Center) HIW00001 C Wet Turbidity, Chl a L 
Ala Moana Beach (Diamond 
Head) 

HIW00002 C Wet NH4, Turbidity, Chl a L 

Ala Moana Beach (Ewa) HI473893 C Wet Turbidity L 
Ala Wai Boat Harbor (Ala 
Moana Bridge Station) 

HIW00125 B Wet Enterococci, TN, TP, Turbidity, Chl a L 

Ala Wai Nearshore Ala 
Moana to Kuhio 

HIW10001 C Wet NH4, Turbidity L 

Ala Wai Nearshore Kuhio to 
Tonggs 

HIW10002 C Dry NO3+NO2, NH4, Turbidity, Chl. a L 

Anahulu Nearshore HIW10003 B Wet Turbidity L 
Bellows Field Beach Co. 
Park  

HIW00081 C Wet  NO3+NO2, NH4, TP, Turbidity, Chl a L 

Bellows Field Beach Co. 
Park (N. Runway) 

HI798011 C Wet NH4, Turbidity L 

Campbell Industrial HIW00187 C Dry Turbidity, Chl a L 
Chun's Reef HI950962 C Wet Turbidity L 
Diamond Head HI544313 C Dry Turbidity L 
Ewa Beach HI767464 C Wet Turbidity L 
Ewa Beach Park HI319095 C Wet NH4, Turbidity, Chl a L 
Ewa (Open Coastal) HIW00189 C Wet Enterococci L 
Gray's Beach HI941499 C Wet TN, Turbidity, Chl a L 
Haleiwa Beach Park HI994019 B Wet TN, TP, Turbidity, Chl a L 
Hanauma Bay HIW00058 B Dry Trash L 
Hanauma Bay (Beach) HIW00096 B Dry NO3+NO2, NH4, Turbidity L 
Hanauma Bay (Oceanic) HIW00017 O NA NO3+NO2, NH4, Chl a L 
Hanauma Nearshore HIW10005 B Dry NO3+NO2, NH4, Turbidity L 
Heeia Kea Small Boat 
Harbor 

HIW00097 B Wet TN, Chl a L 

Honolulu Harbor & Shore 
Area-Honolulu Waterfront-
Aloha Tower 

HIW00061 B Wet NH4, Trash 
L 

Honolulu Harbor & Shore 
Area-Kewalo Basin 

HIW00051 B Wet TN, NO3+NO2, TP, Turbidity, TSS, Trash L 
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Table 7. Oahu Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Honolulu Harbor-near shore 
waters to 30' from one mile 
NW of Honolulu 
Harbor/Sand Island Channel 
to Waikiki Beach 

HIW00049 B Wet Enterococci, TN, NO3+NO2, TP, Turbidity, 
Pathogens, Metals, TSS 

L 

Ihilani Honu Lagoon HI815093 B Dry NO3+NO2, NH4, Turbidity L 
Ihilani Kohola Lagoon HI515191 B  Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
Ihilani Naia Lagoon HI685981 B Dry NO3+NO2, NH4, Turbidity, Chl a L 
Ihilani Ulua Lagoon HI550240 B Dry NH4, Turbidity L 
Kaaawa Nearshore HIW10008 C Wet NH4, Turbidity, Chl. a L 
Ka'alawai Beach HI253930 C Dry Enterococci L 
Kaelepulu Nearshore HIW10009 C Wet TN, NH4, Turbidity, Chl a H 
Ka’ena Point (Manini) HIW00225 C Dry NH4, Turbidity L 
Kahala Beach Shoreline HI514582 C Dry Turbidity L 
Kahala Hilton Beach HI173325 C Dry Turbidity L 
Kahana Bay Park HIW00102 B Wet Enterococci, TN, TP, Turbidity L 
Kahana Bay-near shore 
waters to 30' from Mahie 
Point to a point one mile 
north of Kahana Bay Station 

HIW00062 B Wet Turbidity, TSS 

L 

Kahana Nearshore HIW10070 B Wet NH4, Turbidity L 
Kahana Park HIW00103 B Wet Enterococci L 
Kahanamoku Beach HI366432 C Wet Turbidity, Chl a L 
Kahawainui-Malaekahana 
Nearshore 

HIW10013 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 

Kahe Point Beach Co. Park HI548986 C Dry Turbidity L 
Kahe Point (Open Coastal) HIW00214 C Dry NO3+NO2, NH4 L 
Kaiaka Bay HIW00106 B Wet Enterococci, TN, NO3+NO2, NH4, 

Turbidity, Chl a L 

Kailua Beach Park HI482719 C Wet NH4, Turbidity, Chl a L 
Kalama Beach HI071892 C Dry Turbidity L 
Kaloi Nearshore HIW10017 C Wet Turbidity, Chl. a L 
Kaluakauila Nearshore HIW10018 C Dry NH4, Turbidity L 
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Table 7. Oahu Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Kalunawaikaala Nearshore HIW10019 C Wet NH4, Turbidity L 
Kaneohe Bay (Beach Park) HIW00004 B Wet TN, TP, Turbidity, Chl a L 
Kaneohe Bay (Central 
Region) 

HIW00013 B Wet TN, NO3+NO2, NH4, Turbidity L 

Kaneohe Bay (Kokokahi 
Pier) 

HIW00005 B Wet Enterococci, TN, TP, Turbidity, Chl a L 

Kaneohe Bay (Northern 
Region) 

HIW00012 B Wet Enterococci, TN, NO3+NO2, NH4, 
Turbidity L 

Kaneohe Bay (Southern 
Region) 

HIW00011 B Wet Enterococci, TN, NO3+NO2, NH4, 
Turbidity L 

Kaneohe Bay-near shore 
waters at mouths of Kaneohe 
and Kawa Streams 

HIW00054 B Wet TN, NO3+NO2, TP, Turbidity, TSS 
L 

Kapi'olani Park HI733929 C Dry Turbidity L 
Kapoho Point HIW00192 C Dry Enterococci L 
Kaupuni Nearshore Pokai 
Bay 

HIW10022 B Dry NO3+NO2, NH4, Turbidity, Chl. a L 

Kawaihapai Nearshore HIW10025 C Dry TN, NH4, Turbidity, Chl. a L 
Kawainui Nearshore HIW10026 C Dry TN, NH4, Turbidity, Chl. a L 
Kawela Bay HI698581 C Dry TN, TP, Turbidity, Chl a L 
Keamanea Nearshore HIW10029 C Wet TN, NO3+NO2, NH4, TP, Turbidity, Chl. a L 
Keamanea-Waimea 
Nearshore 

HIW10028 C Wet TN, NO3+NO2, NH4,Turbidity, Chl. a L 

Keeau Nearshore HIW10031 C Dry NH4, Turbidity, Chl. a L 
Keehi Lagoon HIW00009 B Wet Turbidity H 
Keehi Lagoon (Point X) HIW00010 B Wet Enterococci, TN, TP, Chl a H 
Keehi Lagoon waters and 
near shore waters to 30' from 
lagoon mouth to Pearl 
Harbor 

HIW00055 B Wet TN, NO3+NO2, TP, Turbidity, TSS 

L 

Kewalo Basin HIW00126 C Wet TN, TP, Turbidity, Chl a L 
Koko Crater Nearshore HIW10032 C Dry TN, NH4, Turbidity L 
Kokololio Beach HI767708 C Dry Turbidity L 
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Table 7. Oahu Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Koloa Nearshore HIW10034 C Dry Turbidity L 
Koloa-Kaipapau Nearshore HIW10033 C Dry TN, NO3+NO2, NH4, Turbidity, Chl. a L 
Kualoa Co. Regional Park HI848207 C Wet TN, NO3+NO2, NH4, Turbidity, Chl a L 
Kualoa Nearshore HIW10035 C Wet TN, NO3+NO2, NH4, Turbidity, Chl. a L 
Kuhio Beach HI681782 C Dry NO3+NO2, NH4, Turbidity, Chl a L 
Kuhio Beach (Public Bath) HI851298 C Dry NH4, Turbidity, Chl a L 
Kuli'ou'ou HI360513 B Dry Enterococci L 
Laenani Beach Co. Park HI930562 B Wet Enterococci L 
Laie Bay HI472847 C Dry TN, TP, Turbidity, Chl. a L 
Laniakea Beach HI183312 C Wet Turbidity L 
Lanikai Beach HI596989 C Wet Turbidity L 
Lanikai Boat Ramp HIW00193 C Wet Enterococci L 
Loko Ea Nearshore HIW10037 B Wet Turbidity L 
Lualualei Beach Co. Park HI800877 C Dry Turbidity L 
Magic Island HI529142 C Wet Turbidity L 
Magic Island Bowls HIW00223 C Wet Enterococci L 
Ma'ili Beach Park HI627464 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
Maili Nearshore HIW10041 C Dry TN, NO3+NO2, NH4, Turbidity, Chl. a L 
Maipalaoa Beach HI280966 C Dry Enterococci, Turbidity L 
Makaha Beach HI632106 C Dry NO3+NO2, NH4, Turbidity, Chl a L 
Makaha Nearshore HIW10042 C Dry TN, NO3+NO2, NH4, Turbidity, Chl. a L 
Makaiwa Nearshore HIW10043 C Dry NH4, Turbidity, Chl. a L 
Makaiwa Nearshore 
Ko’Olina 

HIW10044 B Dry NO3+NO2, NH4, Turbidity, Chl. a L 

Malaekahana Nearshore HIW10015 C Dry Turbidity L 
Makapuu Beach HI723399 C Dry Turbidity L 
Makapuu Nearshore HIW10045 C Dry TN, NH4, Turbidity, Chl. a L 
Makaua Nearshore HIW10046 C Wet TN, NH4, NO3+NO2, Chl. a L 
Makua Beach HI915061 C Dry NH4, Turbidity L 
Makua Nearshore HIW10047 C Dry NH4, Turbidity L 
Malaekahana State Park HI137325 C Dry Turbidity L 
Mamala Bay (Fort 
Kamehameha Offshore) 

HIW00190 C Wet Chl a L 
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Table 7. Oahu Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Mamala Bay (Sand Island 
Offshore) HIW00014 C Wet NH4 L 

Mamala Bay (Oceanic) HIW00015 O NA TN, Chl a L 
Manner's Beach HI717740 C Dry Turbidity L 
Mauna Lahilahi Beach HI639551 C Dry Enterococci L 
Maunalua Bay HIW00016 C Dry NH4, Turbidity, Chl a L 
Maunalua Beach Park HI423413 B Dry Turbidity L 
Keehi Lagoon Beach HIW10048 B Wet Turbidity H 
Nanakuli Beach Park HI467413 C Dry NO3+NO2, NH4, Turbidity, Chl a L 
Nanakuli Nearshore HIW10049 C Dry Turbidity L 
Nimitz Beach HI682233 C Wet Turbidity L 
Ocean Pointe C HIW00132 C Wet Turbidity, Chl a L 
Ocean Pointe Control HIW00129 C Wet Turbidity, Chl a L 
Ocean Pointe E HIW00130 C Wet Turbidity, Chl a L 
Ocean Pointe W HIW00131 C Wet Turbidity, Chl a L 
Ocean Pointe KA HIW00210 C Wet Turbidity, Chl a L 
Ocean Pointe PR HIW00211 C Wet Chl a L 
Oio Nearshore HIW10052 C Dry TN, NH4, Turbidity, Chl. a L 
Oneawa Beach HI952205 C Dry TN, TP, Turbidity, Chl a L 
Oneula Beach Park HI825419 C Wet Turbidity L 
Pahole-Makaleha Nearshore HIW10052 C Dry TN, NO3+NO2, NH4, Turbidity, Chl. a L 
Pakulena Nearshore HIW10057 C Dry Turbidity L 
Pakulena-Paumalu 
Nearshore 

HIW10056 C Dry NH4, Turbidity, Chl. a L 

Papaakoko-Kaluanui 
Nearshore 

HIW10059 C Dry NH4, Turbidity, Chl. a L 

Paumalu Nearshore HIW10058 C Dry Turbidity L 
Pipeline, The HI188157 C Dry Turbidity L 
Pokai Bay HIW00007 B Dry NO3+NO2, NH4, Turbidity, Chl a H 
Pokai Bay (Oceanic) HIW00019 O NA TN, Chl a L 
Pokai Bay (Open Coastal) HIW00018 C Dry Chl. a L 
Pounders Beach HI587568 C Dry Turbidity L 
Pupukea Beach Co. Park HI93495 C Wet Enterococci, NO3+NO2, NH4, Turbidity L 
Punaluu Beach Park HI148836 C Wet Enterococci, Turbidity L 
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Table 7. Oahu Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Punaluu Nearshore HIW10063 C Wet Enterococci, Turbidity L 
Royal-Moana Beach HI898947 C Wet NO3+NO2, NH4, Turbidity, Chl a L 
Sand Island (Shoreline) HI714359 C Wet NO3+NO2, Turbidity, Chl a L 
Sand Island Point #3 HIW00181 C Wet TN, Turbidity, Chl a L 
Sandy Beach HI776760 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
Sandy Beach (Open Coastal) HIW00191 C Dry Chl a L 
Sans Souci HI617815 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
Sunset Beach HI860544 C Dry NO3+NO2, NH4, Turbidity, Chl a L 
Tern Island HIW00221 NA NA Trash L 
Tongg’s HI248913 C Dry Turbidity L 
Ulehawa Nearshore HIW10064 C Dry TN, NO3+NO2, NH4, Turbidity, Chl. a L 
Waialae Beach Co. Park HI997368 C Dry Enterococci L 
Waialaenui Nearshore HIW10065 C Dry Enterococci, NH4, Turbidity, Chl. a L 
Waialua Bay HI451176 B Wet Turbidity L 
Waialua/Kaiaka Bays near 
shore waters to 60’ from 
Puaena Point to a point 1.5 
miles W of Kaiaka Point 

HIW00083 B Wet TN, NO3+NO2, TP, Turbidity, TSS 

L 

Waialua Nearshore HIW10066 C Dry Turbidity L 
Waikiki Beach Center HI244505 C Wet Turbidity L 
Wailele Nearshore HIW10067 C Dry TN, NH4, NO3+NO2, Chl-a L 
Wailupe Beach Park HI432476 C Dry Enterococci L 
Wailupe Nearshore HIW10068 C Dry Turbidity L 
Waimanalo Bay St. Rec. 
Area (Park) HIW00008 C Dry Turbidity L 

Waimanalo Beach Co. Park 
(South) 

HIW00174 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 

Waimanalo Beach Co. Park 
(North) 

HIW00175 C Dry Turbidity L 

Waimanalo Nearshore HIW10069 C Wet TN, NH4, Turbidity, Chl. a L 
Waimea Bay HIW00128 C Wet Turbidity L 
Waimea Nearshore HIW10030 C Wet Turbidity L 
White Plains Beach HI267023 C Wet Turbidity L 
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Table 7. Oahu Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Yokohama Bay HI269028 C Dry NH4, Turbidity L 
Total Number of Oahu Marine Water Bodies Listed for At 
Least One Impairment 

 156  
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Table 8. Molokai Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Mo'omomi Beach HI204811 C Dry Turbidity L 
South Molokai Coast-near 
shore waters to 18' from 
SW point-Waialua 

HIW00052 C Dry TN, NO3+NO2, TP, Turbidity, TSS 
L 

Kawa'aloa Bay HI384043 C Dry Turbidity L 
Total Number of Molokai Marine Waters Listed for At Least 
One Impairment 

 3  

 
Table 9. Lanai Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Anapuka Nearshore HIW50001 C Dry Turbidity, Chl. a L 
Kaluakoi Pt to Huawai Bay HIW00135 C Dry Turbidity, Chl. a L 
Kawaiu Gulch-Makole 
Point 

HIW00133 C Dry Chl a L 

Mahanalua HIW00136 C Dry TN, Turbidity, Chl a L 
Hulopoe Bay HIW00177 C Dry Turbidity, Chl. a L 
Manele Boat Harbor HIW00179 B Dry Turbidity, Chl a L 
Manele Nearshore HIW50005 C Dry Turbidity, Chl a L 
Awehi HIW00134 C Dry TN, Turbidity, Chl a L 
Kahemano Beach HI801428 C Dry NH4, Turbidity L 
Total Number of Lanai Marine Waters Listed for At Least One 
Impairment 

 9  
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Table 10. Maui Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Ahihi-Kinau Natual Area 
Reserve HIW00084 C Dry NO3+NO2, NH4, Turbidity L 

Ahihi-Kinau Nearshore HIW20001 C Dry NO3+NO2, NH4, Turbidity L 
Fleming Beach North HI253548 C Dry NO3+NO2, NH4, Turbidity, Chl a L 
H.A. Baldwin Beach Co. Park HI846900 C Dry Turbidity L 
Hanaka'o'o Beach Co. Park HI797917 C Wet TN, NO3+NO2, NH4, Turbidity, Chl. a L 
Hanaka'o'o Station HIW00165 C Dry NO3+NO2, Turbidity L 
Hapapa Nearshore HIW20002 C Dry TN, NO3+NO2, NH4, Turbidity L 
Honokahua Nearshore HIW20003 C Dry Turbidity, Chl. a L 
Honokowai Beach Co. Park HI412391 C Dry NO3+NO2, NH4, Turbidity, Chl. a L 
Honokowai Point to 
Kaanapali 

HIW00139 C Dry  TN, NH4 L 

Honokowai Nearshore HIW20004 C Dry TN, NO3+NO2, Turbidity, Chl. a L 
Honolua Bay HI280286 C Dry Enterococci, TN, NO3+NO2, NH4, 

Turbidity, Chl a L 

Honolua Nearshore HIW20005 C Dry Enterococci, TN, NO3+NO2, NH4, 
Turbidity, Chl. a L 

Honomanu Bay HI985873 C Wet Enterococci L 
Ho'okipa Beach Co. Park HIW00024 C Dry NO3+NO2, NH4, Turbidity, Chl a L 
Iao Nearshore HIW20007 B Dry TN, TP, Turbidity, Chl. a L 
Kaanapali (Kahekili Beach) HI643627 C Wet NO3+NO2, Turbidity, Chl. a L 
Kaanapali (Sheraton 
Kaanapali Shoreline) 

HIW00022 C Wet NO3+NO2, NH4, Turbidity L 

Kahana (Mahinahina Condo 
Shoreline) 

HI160433 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 

Kahana Nearshore HIW20008 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
Kahoma Nearshore HIW20009 C Dry NO3+NO2, NH4, Turbidity, Chl. a L 
Kahului Bay HIW00195 B Wet NO3+NO2 L 
Kahului Harbor HIW00104 B Dry TN, TP, Turbidity, Chl. a L 
Kahului Harbor (Bay) HIW00105 B Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
Kahului Harbor-inshore of 
breakwater 

HIW00053 B Dry  TN, NO3+NO2, TP, Turbidity L 

Kailua Gulch Nearshore HIW20010 C Dry TN, NO3+NO2, NH4, Turbidity, Chl. a L 
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Table 10. Maui Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Kalama Beach Station HIW00168 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
Kalama Beach Co. Park 
(Beach) 

HIW00023 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 

Kalama Beach Co. Park 
(Cove Park) 

HI705118 C Dry TN, NO3+NO2, NH4, TP, Turbidity, Chl a L 

Kalepolepo Beach HI647373 C Dry TN, NO3+NO2, NH4, Turbidity L 
Kalepolepo (Waimahaihai) HIW00141 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
Kalialinui Nearshore HIW20011 B Dry TN, TP, Turbidity, Chl. a L 
Kamaole Beach 1 HI761092 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
Kamaole Beach 2 HI097179 C Dry Turbidity, Chl a L 
Kamaole Beach 3 HI496115 C Dry NO3+NO2, NH4, Turbidity, Chl a L 
Kanaha Beach HI797225 C Dry TP, Turbidity, Chl a L 
Kanaha Beach (Kaa 
Shoreline) 

HIW00020 B Dry TN, TP, Turbidity, Chl a L 

Kapalua (Fleming's) Beach HI391006 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
Kapoli Beach Co. Park HI599968 C Dry NO3+NO2, NH4, Turbidity L 
Kealia HIW00224 C Dry NO3+NO2, NH4, Turbidity L 
Kauaula Nearshore HIW20012 C Dry NO3+NO2, NH4, Turbidity L 
Keawakapu Beach HI607763 C Dry NO3+NO2, NH4, Turbidity, Chl a L 
Kihei Coast-Cove Park HIW00167 C Dry  TN, NO3+NO2, Turbidity, Chl a L 
Kihei Coast-Estuary Boat 
Ramp 

HIW00166 C Dry  TN, NO3+NO2, Turbidity L 

Kihei Coast-Kalepolepo HIW00039 C Dry TN, NO3+NO2, Turbidity, Chl a L 
Kihei Coast-Keawakapu HIW00074 C Dry NO3+NO2, Chl a L 
Kihei Coast-Kulanihakoi HIW00043 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
Kihei Coast-Lipoa-South HIW00072 C Dry Turbidity, Chl a L 
Kihei Coast-Luana Kai HIW00041 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
Kihei Coast-Maui Coast HIW00073 C Dry NO3+NO2, Turbidity, Chl a L 
Kihei Coast-Mokulele HIW00042 C Dry TN, NO3+NO2, NH4,Turbidity, Chl a L 
Kihei Coast-near shore waters 
to 60' from Kihei North-
Kalama Beach 

HIW00056 C Dry  TN, NO3+NO2, TP, Turbidity, TSS 
L 

Kihei Coast-South Kamaole 
II 

HIW00071 C Dry NO3+NO2, Chl a L 

Lahaina Beach HI407363 C Dry NO3+NO2, NH4, Turbidity L 
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Table 10. Maui Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Lahaina Harbor HIW00137 B Dry Turbidity L 
Launiupoko Nearshore HIW20014 C Dry TN, NH4, Turbidity, Chl. a L 
Launiupoko St. Wayside Park HI558359 C Dry NH4, Turbidity L 
Lower Pa'ia (Pa’ia Outfall 
Station) 

HI864937 C Dry Turbidity 
L 

Ma'alaea Beach HI058731 B Dry TN, NO3+NO2, NH4, Turbidity, Chl a 
L 

Ma'alaea Boat Harbor Station HIW00082 B Dry TN, NO3+NO2, Turbidity, Chl a L 
Ma'alaea Small Boat Harbor HIW00140 B Dry Turbidity, Chl a L 
Mai Poina Oe Iau Beach Co. 
Park 

HIW00025 C Dry TN, NO3+NO2, NH4,Turbidity L 

Mai Poina Oe Iau Beach Co. 
Park (Kihei N. Station) 

HI715975 C Dry TP, Turbidity, Chl a L 

Makena Landing Beach HI245556 C Dry TN, NO3+NO2, NH4,Turbidity L 
Makena Landing-Malu’aka 
Beach 

HIW00142 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 

Mala Wharf HIW00171 C Dry Enterococci, TP, Turbidity, Chl a L 
Mala Wharf Area HIW00138 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
Mala Wharf-West Maui Coast HIW00123 C Dry Turbidity, Chl a L 
Maliko Bay HI423064 C Dry Enterococci, Turbidity L 
Maliko Nearshore HIW20015 C Dry TN, NO3+NO2, NH4, Turbidity, Chl. a L 
Malu'aka Beach HI847607 C Dry TN, NO3+NO2, NH4, Turbidity L 
Mokule'ia Beach HI977299 C Dry NO3+NO2, NH4, TP, Turbidity, Chl a L 
Mooloa Nearshore HIW20016 C Dry NH4, Turbidity L 
Napili Bay HI764060 C Dry TN, NO3+NO2, NH4,Turbidity, Chl a L 
Olowalu Nearshore HIW20018 C Dry NO3+NO2, NH4, Turbidity, Chl. a L 
Olowalu (Shorefront) HIW00021 C Dry NH4, Turbidity, Chl. a L 
Olowalu (Teen Challenge) HI491359 C Dry NO3+NO2, NH4, Turbidity L 
Oneloa Bay Beach HI740710 C Dry Turbidity L 
Oneloa Beach (Big Beach) 
(Makena Beach Station) 

HI279887 C Dry NH4, Turbidity 
L 
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Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Oneloa Beach (Big Beach)-
Ahihi-Kinau 

HIW00144 C Dry TN, NO3+NO2, NH4, Chl a L 

Oneuli Beach HI756040 C Dry NO3+NO2, NH4, Chl a, Turbidity L 
Papalaua HI462219 C Dry Turbidity L 
Papalaua Nearshore HIW20019 C Dry Turbidity, Chl. a L 
Papalaua Pali HIW00216 C Dry Turbidity L 
Poolenalena Beach HI684864 C Dry NO3+NO2, Turbidity L 
Poolenalena-Makena Landing HIW00143 C Dry TN, NO3+NO2, NH4, Chl a L 
Palauea Beach Park HI997014 C Dry TN, NO3+NO2, NH4, Turbidity L 
Pohakea Nearshore HIW20020 B Dry TN, NO3+NO2, NH4, Turbidity, Chl. a L 
Pu'unoa Beach HI373055 C Dry Turbidity L 
Spreckelsville HI789952 C Dry Turbidity L 
Ukumehame Beach Co. Park HI814309 C Dry Turbidity L 
Ukumehame Nearshore HIW20021 C Dry NO3+NO2, NH4, Turbidity, Chl. a L 
Ulua Beach Park HI588333 C Dry TN, NO3+NO2, NH4, Turbidity, 

Chl a L 

Waiakoa Nearshore HIW20022 C Dry TN, NO3+NO2, NH4, Tubidity, Chl.a L 
Wahikuli Nearshore HIW20023 C Wet NO3+NO2, NH4, Turbidity, Chl. a L 
Wahikuli State Wayside Park HI169380 C Dry NO3+NO2, Turbidity, Chl a L 
Waiehu Beach Co. Park HI916183 C Wet Turbidity L 
Waiehu Nearshore HIW20024 C Wet Turbidity, Chl. a L 
Waikapu Nearshore HIW20026 C Dry NH4, Turbidity L 
Wailea Beach Park HI278988 C Dry NO3+NO2, NH4, Turbidity, Chl a L 
Wailea Nearshore HIW20027 C Dry TN, NO3+NO2, NH4, TP, Turbidity, Chl. a L 
Waipuilani HI284036 C Dry TN, NO3+NO2, NH4, Turbidity L 
West Maui Coast-Honokeana 
Cove 

HIW00044 C Dry TN, NO3+NO2, Turbidity, Chl a L 

West Maui Coast-Kahana 
Cove 

HIW00045 C Dry TN, NO3+NO2, Turbidity, Chl a L 

West Maui Coast-Kahana 
Sunset 

HIW00075 C Dry NO3+NO2, Turbidity, Chl a L 

West Maui Coast-Kahana 
Village 

HIW00076 C Dry NO3+NO2, NH4, Turbidity, Chl a L 
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Table 10. Maui Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

West Maui Coast-Kaopala 
Bay 

HIW00046 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 

West Maui Coast-Lokelani HIW00077 C Dry NO3+NO2, Turbidity, Chl a L 
West Maui Coast-Napili Bay HIW00078 C Dry NO3+NO2,Turbidity, Chl a L 
West Maui Coast-near shore 
waters to 60' from Honolua-
Lahaina 

HIW00060 C Dry TN, NO3+NO2, TP, Turbidity, TSS 
L 

West Maui Coast-S-Turns 
(Pohaku) 

HIW00047 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 

West Maui-Papakea HIW00079 C Dry NO3+NO2, NH4, Turbidity, Chl a  L 
West Maui-Puamana HIW00080 C Dry Turbidity, Chl a L 
Total Number of Maui Marine Waters Listed for At Least One 
Impairment 

 113  
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Table 11. Hawaii Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

2nd Beach (next to 
Mahaiula) 

HI616452 K NA Turbidity L 

Anaehoomalu Bay HI326172 K NA Turbidity, Chl. a L 
Ahalanui Pond (Puala'a) HI707059 C Dry Turbidity L 
Banyan's Surfing Area HI713314 K NA Turbidity L 
Hapuna Beach St. 
Recreation Area 

HI621002 K NA TN, NO3+NO2, NH4, TP, Turbidity, Chl a L 

Hilo Bay (Boat Landing) HIW00027 B Wet Turbidity, Chl a M 
Hilo Bay (Canoe Beach) HI315019 B Wet TN, NO3+NO2, TP, Turbidity, Chl a M 
Hilo Bay (Coconut Isle) HI977673 B Wet Turbidity M 
Hilo Bay (Exit of Ice Pond) HI659453 B Wet TN, NO3+NO2, TP M 
Hilo Bay (Lighthouse) HIW00028 B Wet Enterococci, NO3+NO2, NH4, TP, 

Turbidity M 

Hilo Bay (Offshore) HIW00031 B Wet NO3+NO2, NH4, Turbidity, Chl a L 
Hilo Bay-inshore of 
breakwater and near shore 
waters from Wainaku to 
Paukaa 

HIW00098 B Wet TN, NO3+NO2, TP, Turbidity 

L 

Holoholokai HI582331 K NA Turbidity L 
Honaunau Bay (2 Step) HI246645 K NA Turbidity L 
Honokohau Beach HI315174 K NA TN, NO3+NO2, NH4, TP, Turbidity, PO4 L 
Honokohau Nearshore 
Kona 

HIW40003 K NA Turbidity L 

Honoli'i Beach Co. Park HI857411 C Wet TN, Turbidity, Chl a M 
Ho’okena HI152572 C Wet Turbidity L 
James Kealoha Park HI670254 C Wet Turbidity, Chl. a M 
Kahalu'u Beach Co. Park HI013290 K NA Turbidity, Chl. a L 
Kahoiawa Bay HIW00150 K NA TN, Turbidity L 
Kahoiawa Bay-Makalawena HIW00151 K NA TN, Turbidity L 
Kahuwai Bay HI990843 K NA Turbidity L 
Kahuwai Bay-Mano Point HIW00153 K NA NO3+NO2, Turbidity L 
Kailua Bay HI753566 K NA Turbidity L 
Kakapa Bay HIW00152 K NA TN, Turbidity L 
Kamakaokahonu HIW00032 K NA Turbidity, Chl. a L 
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Table 11. Hawaii Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Kamakaokahonu (Kailua 
Pier A-1) 

HI261474 K NA TP, Turbidity, Chl. a L 

Kamakoa Nearshore HIW40005 K NA Turbidity, Chl. a L 
Kamilo Beach HIW00222 C Dry Trash L 
Kapoho Bay HI391407 C Dry Turbidity L 
Kapoho Tidepools 
(Vacationland) 

HI122881 C Dry Turbidity L 

Kauilii Point-Kapaa Beach 
Park 

HIW00201 C Dry TN, NO3+NO2, NH4, Chl a 
L 

Kauilii Point-Kapaa Beach 
Park (Oceanic) 

HIW00202 O NA TN, TP, Turbidity, Chl a 
L 

Kauna'oa Beach HI261869 K NA Turbidity L 
Ka'upulehu HI770607 K NA NO3+NO2, Turbidity, PO4 L 
Kawaihae Harbor HI978783 B Dry Turbidity L 
Kawaihae Harbor/Pelekane 
Bay 

HIW00155 B Dry Turbidity L 

Kawaihae Nearshore 
Embayment 

HIW40006 B Dry Turbidity L 

Keahole Nearshore HIW40007 K NA NO3+NO2, Turbidity L 
Kealakekua Bay HIW00149 K NA TN, NO3+NO2, NH4, TP, Turbidity, PO4 L 
Kealakekua Bay (off Curio 
Stand) 

HIW00183 K NA Turbidity 
L 

Kealakekua Nearshore HIW40009 K NA TN, NO3+NO2, NH4, TP, Turbidity, PO4 L 
Keauhou Bay (Kona) HI713293 K NA Turbidity L 
Kiholo Nearshore HIW40010 K NA TN, NO3+NO2, Turbidity, PO4 L 
Kiilea Nearshore Kona HIW40013 K NA Turbidity L 
Kiilea Nearshore Coastal HIW40012 K NA Turbidity L 
Kolekole Beach Co. Park HI693485 C Wet Turbidity L 
Kona Dog Beach HIW00226 K NA Turbidity L 
Kuki'o Bay HIW00154 K NA TN, NO3+NO2, TP, Turbidity, PO4 L 
Leleiwi Beach Co. Park 
Coastal 

HIW00220 C Wet Turbidity, Chl a M 

Mahukona Harbor HIW00197 C Dry TN, NO3+NO2, NH4, Turbidity, Chl a L 
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Table 11. Hawaii Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Mahukona Harbor 
(Oceanic) 

HIW00198 O NA TN, TP, NH4, Turbidity, Chl a 
L 

Maili Nearshore HIW40016 C Wet TN, Turbidity, Chl. a L 
Makaohule Point-Kauilii 
Point 

HIW00199 C Dry TN, NO3+NO2, NH4, Chl. a 
L 

Makaohule Point-Kauilii 
Point (Oceanic) 

HIW00200 O NA TN, TP, Turbidity, Chl a 
L 

Manini'owali HI720408 K NA NH4, Turbidity L 
Mauna Lani (Kalahuipua'a) HI890924 K NA Turbidity L 
Miloli'i Beach HI470112 C Dry Turbidity L 
Old Kona Airport St. 
Recreation Area 

HI256093 K NA Turbidity L 

Onekahakaha Beach Co. 
Park 

HI862286 C Wet Turbidity, Chl. a M 

Onekahakaha Beach Co. 
Park (Puhi Bay #3) 

HIW00029 C Wet Turbidity, Chl a M 

Paaoao Point to 
Keawekaheka Point 

HIW00145 K NA Turbidity L 

Pelekane Bay HI738158 K NA TN, NO3+NO2, NH4, TP, Turbidity, Chl a L 
Pine Trees HI320616 K NA TN, NO3+NO2, NH4, TP, Turbidity, Chl. a, 

PO4 L 

Pine Trees-Honokohau HIW00146 K NA NO3+NO2, NH4, Turbidity, PO4 L 
Pohakuloa Nearshore HIW40018 K NA TN, NO3+NO2, NH4, TP, Turbidity, Chl. a, 

PO4 
L 

Pohoiki Beach HI316864 C Dry Turbidity L 
Puako HI668132 K NA Turbidity, Chl. a L 
Puako Bay HIW00033 K NA Turbidity L 
Puhi Bay HIW00206 C Wet Chl. a L 
Spencer Beach Co. Park HI936372 K NA Turbidity, Chl a L 
Waiaha Nearshore HIW40021 K NA NO3+NO2, NH4, Turbidity, Chl. a, PO4 L 
Waikoloa Nearshore HIW40022 K NA Turbidity L 
Waiola Nearshore 
Embayment 

HIW40024 B Wet TN, TP, Turbidity, Chl. a L 
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Table 11. Hawaii Marine Listed Waters 

Assessed Water Body Water Body ID Water 
Body Type 

Wet/Dry 
Criteria Impairment(s) TMDL Priority 

Waiola Nearshore Coastal HIW40025 C Wet TN, NO3+NO2, NH4, TP, Turbidity, Chl. a L 
Waiulaula HI934020 K NA TN, NO3+NO2, NH4, TP, Turbidity, Chl a L 
Waiulua Bay to 
Anaehoomalu Bay 

HIW00148 K NA TN, NO3+NO2, NH4, TP, Turbidity, Chl. a, 
PO4 

L 

Wawaloli Beach HI643938 K NA NO3+NO2, Turbidity L 
Wawaloli Beach-Pine Trees HIW00147 K NA Turbidity L 
White Sands Beach Co. 
Park (Magic Sands) 

HI436267 K NA Turbidity, Chl a L 

Total Number of Hawaii Marine Waters Listed for At Least 
One Impairment 

 81  
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APPENDIX D: Hawaii State Department of Health Clean Water Branch Total 
Maximum Daily Load (TMDL) Priortization Framework 

February 26, 2024 

Clean water branch priority goals 
The mission of the Clean Water Branch (CWB) is to protect the public health of residents and tourists who 
recreate in and on Hawaii’s coastal and inland water resources, and to also protect and restore inland and 
coastal waters for marine life and wildlife. This mission is accomplished through statewide coastal water 
surveillance and watershed-based environmental management through a combination of permit issuance, 
monitoring, enforcement, polluted runoff control projects, and public education. 
CWB intends to focus on nutrient TMDLs during the next vision period. CWB’s TMDLs need to be implemented 
and effective, therefore areas where WLAs and LAs have some degree of enforcement, either through permit 
limits or polluted runoff control plans, will be prioritized. TMDL priorities will also focus on communities that 
have historically experienced greater exposure to environmental burdens than the general population, as well 
as communities that are more likely to practice subsistence fishing. Lastly, CWB wishes to prioritize the State’s 
most valuable ecosystems so they can withstand the impacts of climate change. 

The Priortization Process 
As part of the Integrated Report (IR) development, all impaired waterbodies need to be identified as having 
either a high or low priority for TMDL development within the next two years (the length of an IR cycle). High 
priority waterbodies are selected by identifying high priority watersheds using the Recovery Potential 
Screening Tool (RPS).  
RPS is a tool developed by the Environmental Protection Agency (EPA) to help states create a “prioritized 
schedule” for waters needing TMDLs. It uses a systematic, comparative method for identifying differences 
among watersheds that may affect their relative likelihood to be successfully restored. This approach involves 
identifying a group of watersheds to be compared and a specific purpose for the comparison, selecting 
appropriate indicators in three categories (Ecological, Stressor, Social), calculating index values for the 
watersheds, examining the analysis and applying the results as part of the strategic planning and prioritization. 
The RPS Tool is a custom-coded Excel spreadsheet that preforms all RPS index calculations and generates RPS 
outputs as rank-ordered tables, maps, and bubble plots. 
For more information, please read the fact sheet provided by EPA: Recovery Potential Screening Fact Sheet 
(epa.gov) 
RPS was chosen because it allows for multi axis analysis such that CWB can compare watersheds on multiple 
levels, not just one. Watersheds are compared on three different indexes (Ecological, Stressor, and Social).  

The 3 indexes 
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Ecological 
Traditionally, the ecological index is used to measure resilience to maintain or reestablish natural structure and processes. Thus, it is 
considered a positive indicator and a higher index value will relate to a higher “recovery potential”. While these things are 
important, they are not beneficial to CWB’s prioritization framework. Because TMDLs are mostly implemented through NPDES 
permit limits, areas with high NPDES permits are CWB’s main focus for TMDL prioritizations. Areas with many NPDES permits tend to 
be areas of high urbanization, thus some of the traditional ecological indicators, like %forest cover, are not applicable to CWB’s 
goals. Thus, the Ecological Indicator has been shifted to Ecological Importance Indicator. This indicator will now identify watersheds 
that contain areas of ecological importance. Indicators for this index are listed below. 

RPS Ecological Importance Indicators 
Indicator 
Name 

Description Reasoning for inclusion 

% Coral 
Coverage in 
Watershed 
Assessment 
Unit 

Percent of the Watershed DU with Major Biological Cover classified 
as “Coral”. Data accessed from Benthic Habitat GIS Layer (Benthic 
Habitat | Benthic Habitat | Hawaii Statewide GIS Program). Data 
source: NOAA National Centers for Coastal Science. 
 

Coral reefs are high value ecosystems. They 
are biologically diverse and economically 
valuable. Watersheds with more coral cover 
should be prioritized over watersheds with 
low coral cover. 

%Wetlands 
in 
Watershed 

Percent of the watershed classified as wetland cover by the 2010 C-
CAP Land Cover dataset. Wetland cover includes 'Palustrine 
Forested Wetland' (code 13), 'Palustrine Scrub Shrub Wetland' (code 
14), 'Palustrine Emergent Wetland' (code 15), 'Estuarine Forested 
Wetland' code (16), 'Estuarine Scrub Shrub Wetland' (code 17), and 
'Estuarine Emergent Wetland' (code 18) in the 2010 C-CAP Land 
Cover dataset. Calculated as wetland area divided by watershed 
area, multiplied by 100. 

Wetlands are a high value ecosystem. They 
play a key role in mitigating climate change 
impacts and are habitats for 3 endangered 
waterfowl. 
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Indicator 
Name 

Description Reasoning for inclusion 

Marine 
Water 
Quality 
Classification 

Marine waters are classified as either AA or A. A GIS map of the 
marine water quality classification (Water Quality Classification | 
Water Quality Classification | Hawaii Statewide GIS Program) was 
overlayed with a map of the marine Watershed Decision Units. 
Watershed DUs with Class AA are noted as AA and likewise for 
Watershed DUs with Class A waters. Where both water classes are 
found inside a DU, Class AA was chosen. 

Class AA waters should remain in their 
natural pristine state as nearly as possible. If 
a Class AA water is impaired, it should take 
higher priority over a Class A water. 

Predicted 
Reef Health 
Index Score 

The mean Predicted Reef Health Index (RHI) score for the 
watershed. Predicted RHI scores are derived from statistical 
modeling of coral distribution and abundance based on 
environmental and fishing pressure data. Higher values correspond 
to greater potential for healthy coral reefs to be present offshore of 
the watershed. Source data was a geospatial dataset of watershed 
health and vulnerability metrics created by the Hawaii Institute of 
Marine Biology at the University of Hawaii at Manoa (February 2018 
version), received via personal communication with EPA Region 9 
staff in March 2018. The data used to build the index was collected 
between 2000 and 2015. The scores were originally summarized by 
CWRM watershed. HUC12 scores were calculated by area-weighting 
the Hawaii CWRM watershed scores for each HUC12. (See also 
CWRM Watersheds and WBD Snapshot, EnviroAtlas Version glossary 
definitions). 

Coral reefs are high value ecosystems. They 
are biologically diverse and economically 
valuable. A high value will indicate a healthy 
reef that will need to be protected. 
Conversely, a low score could indicate reef 
that could benefit from restoration. 

225

https://geoportal.hawaii.gov/datasets/HiStateGIS::water-quality-classification/explore?location=20.876072%2C-156.398044%2C8.65
https://geoportal.hawaii.gov/datasets/HiStateGIS::water-quality-classification/explore?location=20.876072%2C-156.398044%2C8.65


Indicator 
Name 

Description Reasoning for inclusion 

Watershed 
Health Index 
Score 

The mean Watershed Health Index score for the watershed. Higher 
values correspond to greater extent of land cover to support healthy 
coral reefs. Source data was a geospatial dataset of watershed 
health and vulnerability metrics created by the Hawaii Institute of 
Marine Biology at the University of Hawaii at Manoa (February 2018 
version), received via personal communication with EPA Region 9 
staff in March 2018. The data used to build the index was collected 
between 2000 and 2015. The scores were originally summarized by 
CWRM watershed. HUC12 scores were calculated by area-weighting 
the Hawaii CWRM watershed scores for each HUC12. (See also 
CWRM Watersheds and WBD Snapshot, EnviroAtlas Version glossary 
definitions). 

Coral reefs are high value ecosystems. They 
are biologically diverse and economically 
valuable. A high value will indicate a healthy 
reef that will need to be protected. 
Conversely, a low score could indicate reef 
that could benefit from restoration. 

 

 Stressor 
The stressor indicators measure the extent of anthropogenic sources of impaired water quality. Traditionally, the stressor indicator 
is used as a “negative” index, meaning when the stressor index is high, the waterbody may be less likely to “recover”. However, this 
use of the stressor index does not align with CWB’s TMDL goals, as CWB wants to address the larger impairments in our islands. 
Stressor indicators are chosen based on their ability to be regulated against and their potential pollutant impact on a waterbody.  

Stressor Indicators 
Indicator 
Name Description Reasoning for inclusion 

% 11-56 
Agriculture 
Land in 
Watershed 

Percentage of the watershed that is agricultural land that has the 
potential to apply for future 11-56 NPS registration. Data source: 
Agricultural Land Use – 2020 Update Hawaii Statewide GIS Program, 
selecting for polygons with a listed acreage of 1000 acres or more.  

Since 11-56 was passed, the HDOH now has 
more ability to enforce pollutant limits on 
some non-point sources of pollution. Places 
where WLA and LAs are enforceable should 
prioritized. 
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Indicator 
Name Description Reasoning for inclusion 

% 11-56 
Forestry 
Land in 
Watershed 

Percentage of the watershed that is Forestry land that has the 
potential to apply for future 11-56 NPS registration. Data source: 
Agricultural Land Use – 2020 Update Hawaii Statewide GIS Program, 
selecting for polygons with a listed acreage of 5 acres or more and a 
crop category of “Commercial Forestry” 

Since 11-56 was passed, the HDOH now has 
more ability to enforce pollutant limits on 
some non-point sources of pollution. Places 
where WLA and LAs are enforceable should 
prioritized. 

% Urban in 
Watershed 

Percent of the watershed classified as urban cover by the 2010 C-CAP 
Land Cover dataset. Urban cover includes 'Impervious Surface' (code 
2) and 'Developed Open Space' (code 5) in the 2010 C-CAP Land 
Cover dataset. Calculated as urban area divided by watershed area, 
multiplied by 100. (See also 2010 C-CAP Land Cover glossary 
definition). 

A large percentage of urban cover can be 
used to indicate a possible MS4 permit in the 
area. An MS4 is a vehicle to enforce future 
WLAs, thus aligns with CWB priority goals of 
TMDLs that are enforceable. Watersheds 
with a high percentage of urban area should 
be prioritized over areas that are not 
regulated by permits or runoff control plans.  

Count of 
11-56 
Marinas in 
Watershed 

Count of marinas in the watershed that has the potential to apply for 
future 11-56 NPS registration. Data source: Small Boat Harbors/ 
Ramps Hawaii Statewide GIS Program, omitting harbors listed as 
abandoned and harbors with the number of berths or moorings was 
less than 10.  

Since 11-56 was passed, the HDOH now has 
more ability to enforce pollutant limits on 
some non-point sources of pollution. Places 
where WLA and LAs are enforceable should 
prioritized. 

Count of 
Impaired 
Nutrient 
Parameters 

Count of each nutrient parameter assessed to be impaired within a 
Watershed Assessment Unit. Source data were HDOH IR provided by 
CWB staff.  

TMDLs project take significant time and 
resources to complete. These are not always 
scalable with the number of nutrient 
parameters since many of the parameters are 
interconnected. To be efficient with CWB 
resources, it is better to prioritize projects 
with many impairments over few.  
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Indicator 
Name Description Reasoning for inclusion 

Density of 
All Roads 
in 
Watershed 

Density of all roads in the watershed (kilometer per square 
kilometer). Source data were the 2017 TIGER/Line All Roads County-
Based Shapefiles for Hawaii from the US Census Bureau 
(https://www.census.gov/cgi-bin/geo/shapefiles; downloaded March 
2018). Includes roads with MTFCC code equal to S1100 (primary 
road), S1200 (secondary road), S1400 (local road), S1500 (vehicular 
trail), S1630 (ramp), S1640 (service drive), S1730 (alley), S1740 
(private road), S1750 (internal use), or S1780 (parking lot road) in the 
2017 TIGER/Line All Roads County-Based Shapefiles for Hawaii. 
Features with MTFCC code equal to S1710 (walkway) and S1720 
(stairway) were classified as non-road features and not counted. 
Calculated as the total length of all roads in the watershed divided by 
the watershed area, multiplied by 100. 

A high density of roads could indicate a 
potential MS4 permit in the area. An MS4 is a 
vehicle to enforce future WLAs, thus aligns 
with CWB priority goals of TMDLs that are 
enforceable. Watersheds with a higher 
density of roads should be prioritized over 
areas that are not regulated by permits or 
runoff control plans. 
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Indicator 
Name Description Reasoning for inclusion 

NPDES 
Permit 
Count in 
WS 

Count of NPDES permits in the watershed. National Pollutant 
Discharge Elimination System (NPDES) permits are issued to regulate 
discharge of pollutants into surface waters. Wastewater treatment 
plants, factories, and other point sources of discharge into surface 
waters are regulated by the National Pollutant Discharge Elimination 
System (NPDES). The number of NPDES permits issued in a watershed 
is an indicator of the presence and complexity of point source 
pollutant discharge. While NPDES permit counts may be related to 
the magnitude of point source pollutant loading, higher permit 
counts often do not correspond to higher pollutant loads. For 
example, a watershed may contain a single, large NPDES permitted 
wastewater treatment facility that discharges higher pollutant loads 
than the combined total of several smaller NPDES permitted facilities 
located in another watershed. Source data was a map layer of NPDES 
permits within EPA's Facility Registry Service (July 2019 version; 
downloaded from 
ftp://newftp.epa.gov/epadatacommons/OEI/FRS/FRS_Interests_Dow
nload.zip). Only permits that had Permit Status Description equal to 
"Admin Continued", "Effective", or "Expired" were included; permits 
with Permit Status Description equal to "Terminated", "Pending", 
"Not Needed", or "Null" were not counted. Duplicate permits were 
addressed by removing duplicate combinations of Registry ID and 
Source ID. 

NPDES are one of the main vehicles of TMDL 
implementation. Focus should be on 
watersheds with NPDES permits. However, 
like the description notes, count of NPDES 
permits does not account for pollutant load 
coming from point sources. 

229



Indicator 
Name Description Reasoning for inclusion 

WWTP 
Count in 
WS 

Count of wastewater treatment plants (WWTP) in the watershed. 
Source data was a map layer of WWTPs within EPA's Facility Registry 
Service (January 2020 version; downloaded from 
https://edg.epa.gov/data/PUBLIC/OEI/OIC/FRS_Wastewater.zip). 
Only WWTPs that had Permit Status Description equal to "Admin 
Continued", "Effective", or "Expired" were included; permits with 
Permit Status Description equal to "Terminated", "Pending", "Not 
Needed", or "Null" were not counted. 

Watersheds with WWTPS should be 
prioritized because WWTP can be a major 
source of nutrient pollution and a WLA would 
be enforceable through an NPDES permits.  

Social 
Social indicators measure relevant community, regulatory, economic, or behavioral factors. CWB is using this index to identify 
watersheds with areas of high community and/or cultural value, as well as Environmental Justice areas.  

Social indicators 
Indicator 
Name 

Description Reasoning for inclusion 

% of WS 
Hawaiian 
Homelands 

Percent of watershed that is owned by the Department of Hawaiian 
Homelands as identified by the U.S. Census Bureau (September 2021). 
Accessed through Hawaii GIS Program (2020 Census Hawaiian 
Homelands | Hawaii Statewide GIS Program). 

The Native Hawaiian community has been 
disproportionately impacted by 
environmental and social injustices as result 
of colonization. From a CWB sampler 
observation: this community still practices 
aspects of a subsistence lifestyle more than 
other communities.  

230

https://geoportal.hawaii.gov/datasets/HiStateGIS::2020-census-hawaiian-homelands/about
https://geoportal.hawaii.gov/datasets/HiStateGIS::2020-census-hawaiian-homelands/about


Indicator 
Name 

Description Reasoning for inclusion 

EJ Low 
income 
Percentile 

This methodology uses data from EPA’s EJ Screening tool on the block 
group scale and ArcGIS’s Summarize Within Tool to estimate the low 
income and total populations within each watershed. Low income 
percent and percentiles are then calculated for each watershed. 
EJ Screening Tool data was chosen as it regularly updated and 
maintained by EPA, as well as being accessible in shapefile format.  

Low income and people of color populations 
often experience greater exposure to 
environmental burdens than the general 
population as whole. Many studies have 
established that sources of environmental 
hazards are often located and concentrated 
in areas that are dominated by low income 
and people of color populations. In order to 
address this unfair burden on low income 
communities, watersheds with the greatest 
percent of low income communities should 
be given higher priority.  

Percent 
Protected 
Lands in 
Watershed 

Percent of the watershed that is a protected terrestrial natural area. 
Source data were the USGS Gap Analysis Program Protected Areas 
Database (PAD) of the United States Version 1.4 geospatial map layer 
(http://gapanalysis.usgs.gov/padus) and the Hawaii Division of 
Forestry and Wildlife Reserves map layer (July 2015 version; 
http://files.hawaii.gov/dbedt/op/gis/data/reserves.html). Since this 
indicator focuses on terrestrial areas, offshore and marine protected 
areas were removed from the PAD before calculating protected land 
percentages. Equation used: Protected Land Area / Watershed Area * 
100. 

Protected lands are areas dedicated to the 
preservation of biological diversity, 
recreational, and cultural uses. Watersheds 
with these high value areas should be a high 
priority to restore/ protect.  
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Indicator 
Name 

Description Reasoning for inclusion 

Presence/ 
Absence 
Marine 
Protected 
Areas 

Presence/absence of Marine Protected Areas (MPA) in the watershed 
(1 = presence; 0 = absence). Source data was the USGS Gap Analysis 
Program Protected Areas Database (PAD) of the United States Version 
1.4 geospatial map layer for Marine Protected Areas 
(http://gapanalysis.usgs.gov/padus). The MPA Inventory is a 
comprehensive catalog that provides detailed information for existing 
marine protected areas in the United States. The inventory provides 
geospatial boundary information (in polygon format) and classification 
attributes that seek to define the conservation objectives, protection 
level, governance and related management criteria for all sites in the 
database. 

Protected lands are areas dedicated to the 
preservation of biological diversity, 
recreational, and cultural uses. Watersheds 
with these high value areas should be a high 
priority to restore/ protect. 
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Summary of all indicators 
The following is a list of all the indicators to be considered and their respective index. 

Indicator Name Index 
% Coral Coverage in Watershed Assessment Unit Ecological 
%Wetlands in Watershed Ecological 
Marine Water Quality Classification Ecological 
Predicted Reef Health Index Score Ecological 
Watershed Health Index Score Ecological 
% 11-56 Agriculture Land in Watershed Stressor 
% 11-56 Forestry Land in Watershed Stressor 
% Urban in Watershed Stressor 
Count of 11-56 Marinas in Watershed Stressor 
Count of Impaired Nutrient Parameters Stressor 
Density of All Roads in Watershed Stressor 
NPDES Permit Count in WS Stressor 
WWTP Count in WS Stressor 
% of WS Hawaiian Homelands Social 
EJ Low-income Percentile Social 
Percent Protected Lands in Watershed Social 
Presence/ Absence Marine Protected Areas Social 

Other criteria 
No watershed with a completed Watershed Based Plan should be prioritized. While a 
Watershed Based Plan is different from a TMDL, they both work to restore water quality. HDOH 
CWB has limited resources and while Watershed Based Plans and TMDLs can work together, it 
is not an effective use of HDOH CWB’s resources to complete a TMDL where there is already a 
plan to restore water quality.  
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Development of Benthic Sampling Methods for the Coral Reef 

Assessment and Monitoring Program (CRAMP) in Hawai‘i1 

Eric Brown,2,5 Evelyn Cox,2 Paul Jokiel,2 Ku‘ulei Rodgers,2 William Smith,2 Brian Tissot,3

Steve L. Coles,4 and Jonathan Hultquist5

Abstract: The Coral Reef Assessment and Monitoring Program (CRAMP) of 
Hawai‘i was established in 1998 to monitor long-term changes in coral reef 
benthic communities around the state. Development of the methodology in-
volved analysis of results from previous monitoring programs in Hawai‘i to de-
termine precision and statistical power of various methods to detect change. 
Additional field trials were conducted to examine factors such as repeatability, 
appropriate transect length, number of transects, number of samples per tran-
sect, cover estimation techniques, observer variation, as well as time and fi-
nancial constraints. Benthic monitoring methods used previously in Hawai‘i 
generally showed low statistical power for detecting change due to low precision 
and small sample size. Field trials indicated that repeatability of conventional 
techniques using transects or quadrats had high variation and consequently low 
statistical power unless efforts were made to reposition the sampling units with 
greater precision. Longer transects (e.g., 25 and 50 m) had higher variability 
than shorter transects (e.g., 10 m), suggesting that smaller sampling units were 
more appropriate for the habitats sampled. Variability among observers analyz-
ing the same data was low in comparison with other sources of error. Visual 
estimation techniques showed low initial cost but were inefficient per survey. 
Digital video required the highest initial monetary investment but yielded the 
greatest quantity of data per survey with sufficient quality. The cost effectiveness 
of the digital video method compared with other techniques increased with 
more surveys and in more remote situations where logistical expenses were in-
curred. A within-habitat stratified random sampling design was implemented for 
the CRAMP design. Fixed transects were chosen to reduce temporal variance 
and allowed efficient resurveying under the high-wave-energy field conditions 
typically found in Hawai‘i. The 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. Fixed photo-
quadrats with high precision and high resolution were included in the design to 
allow detailed monitoring of coral/algal growth, recruitment, and mortality. 
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98WRAG1030. Manuscript accepted 27 May 2003. 
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Hawaiian coral reefs are subjected to a 
variety of natural and anthropogenic stresses 
(Grigg and Dollar 1990). Natural factors, 
such as acute wave disturbances, can affect the 
shallow-water reef communities at a small 
spatial and temporal scale (Dollar 1993). In 
contrast, chronic disturbances, such as non-
point source pollution, can change commu-
nities over longer time periods that may be 
difficult to ascertain (Pastorok and Bilyard 
1985). Establishing cause and effect relation-
ships is challenging under these dynamic 
conditions without knowing the location and 
rate of change. Therefore, long-term moni-
toring is necessary to understand the role 
of natural and anthropogenic processes on 
changes in assemblages (Hughes and Connell 
1999). 

Long-term monitoring involves repeated 
surveys of organisms and/or environmental 
parameters at selected sites over time (Rogers 
et al. 1994). Documenting changes in the 
community structure at various spatial and 
temporal scales using a well-designed moni-
toring program can assess the ‘‘condition’’ 
(i.e., deteriorating, improving, undergoing a 
phase shift, etc.) of various reefs and lead to 
research activities that examine causal links 
among the various factors (Hughes 1996, 
Done and Reichelt 1998). Examples of on-
going long-term monitoring programs in-
clude the Environmental Protection Agency 
(EPA) Coral/Hardbottom Monitoring Proj-
ect (Wheaton et al. 1999) and the National 
Oceanic and Atmospheric Administration–
University of North Carolina (NOAA-UNC) 
Wilmington Monitoring Program in Florida 
(Miller and Swanson 1999), the Caribbean 
Coastal Marine Productivity (CARICOMP) 
Program (Woodley and Linton 1999) and 
Atlantic-Gulf Reef Assessment (Ginsburg et 
al. 1999) in the Caribbean, and the Australian 
Institute of Marine Science (AIMS) Long-
term Monitoring Program off the Great Bar-
rier Reef (Sweatman 1997). Each program 
has developed methodologies suitable to its 
region. 

Long-term coral reef monitoring projects 
have been initiated previously in Hawai‘i to 
detect change in coral cover at several loca-
tions, including Kahe Point (Coles 1998) and 

Hanauma Bay (C. L. Hunter, unpubl. data) 
on O‘ahu; Honolua Bay, Kahekili, Puamana, 
and Olowalu on Maui (Brown 1999); and 
Molokini Island (B.T., unpubl. data). Previ-
ous monitoring programs in Hawai‘i were 
generally undertaken using various methods 
without any critical evaluation of the method 
employed. Differences in methods used in 
these studies make it difficult to integrate the 
results and compare coral population trends 
at a larger spatial scale such as islandwide or 
statewide. 

The primary objective of CRAMP is to 
evaluate the condition of the reef commu-
nities throughout the main Hawaiian Islands 
by describing spatial and temporal variation 
in Hawaiian reef communities in relation to 
natural and anthropogenic forcing functions. 
Sites were selected on the basis of existing 
data, management concerns, degree of per-
ceived environmental degradation and/or re-
covery, level of management protection, and 
extent of wave exposure. The CRAMP moni-
toring sites were selected in a process that 
extended over several years (1997–2000) and 
involved continual interaction between man-
agers and research scientists. Additional cri-
teria are described in more detail at http:// 
cramp.wcc.hawaii.edu. These CRAMP sites 
will continue to be monitored at regular in-
tervals over the next century and will form 
the basis for evaluating long-term change on 
Hawaiian coral reefs. Initial results of the 
monitoring program are presented in this is-
sue in Jokiel et al. (2004). 

Evaluation of various methods is an im-
portant precursor to initiating monitoring 
programs (Fairweather 1991). This report 
describes the development of the CRAMP 
sampling protocol in which several sampling 
protocols were evaluated to develop an ap-
propriate method that could detect an abso-
lute change of 10% in coral cover with high 

statistical power (P > 0:8). Use of statistical 
power as a tool to evaluate the appropriate- 
ness of a selected sampling design to detect 
change is not widely practiced. As far as we 
can determine, only the Great Barrier Reef 
monitoring program addressed statistical 
power before initiating studies (Sweatman 
1997). Determining the appropriate sampling 

235



 

design for the CRAMP statewide monitoring 
program was an iterative process that pro-
gressed along two simultaneous tracks. First, 
methods and results from previous studies 
were evaluated for precision and statistical 
power to determine if any of these procedures 
could be used in the CRAMP protocol for 
detecting change in benthic communities. 
Second, field tests were conducted to evalu-
ate precision, transect length, number of 
transects (sampling units), number of frames 
(subsamples), cover estimation techniques, 
observer variation, and time and monetary 
constraints. Statistical power was also calcu-
lated for the various field tests and used as a 
guide to select an appropriate protocol for 
detecting change. 

 

 
materials and methods 

Study Areas and Data Sources 

The study sites were located within the main 
Hawaiian Islands and focused on areas where 
previous monitoring studies had been con-
ducted (Figure 1) and sampled more than 
twice (Table 1). These included the follow-
ing: (1) Ka¯ne‘ohe Bay, O‘ahu, sites surveyed 
by Maragos, Holthuis, Evans, and Hunter 
(Maragos 1972, Evans et al. 1986, Hunter 
and Evans 1993) using visual estimation in 
1-m2 quadrats to determine percentage cover. 
(2) Kahe Point, O‘ahu, surveyed by Coles 
(1998) using 40 fixed photoquadrats at four 
sites sampled annually since 1980 to docu-
ment changes in coral cover. Coral cover for 
these photoquads was estimated from a grid 
of 500 evenly spaced points placed on the 
projected photograph. (3) Hanauma Bay, 
O‘ahu, sampled by C. L. Hunter (unpubl. 
data) annually using six analog video transects 
with frame capture and random point projec-
tions. Ten frames were used per transect with 
50 points per frame. (4) West Maui, data 
obtained by the Pacific Whale Foundation 
monitoring program along the West Maui 
coastline since 1993 using Earthwatch volun-
teers (Brown 1999). Sites included Honolua 
Bay, Kahekili, Puamana, and Olowalu on 
Maui. The benthic methodology used a visual 

planar point intercept method (Reed 1980) 
with a 1-m2 polyvinyl chloride (PVC) quadrat 
to survey random plots along six 50-m tran-

sects at each site (n ¼ 3 at each reef ). The 

sampling unit was the transect with quadrats 
treated as subsamples. (5) Molokini Island, 
monitored by the University of Hawai‘i at 
Hilo in conjunction with the State of Hawai‘i, 
Division of Aquatic Resources (DAR), from 
1996 to 1998. Three zones (east, middle, and 
west) were monitored twice a year using one 
50-m transect at three depths (15 m, 40 m, 
60 m) within each zone. Sampling was con-
ducted using a 0.5-m2 photoquadrat frame 
containing a camera (Nikonos V) with dual 
strobes elevated 0.75 m above the substrate. 
Thirty-six randomly placed exposures were 
taken on each transect and analyzed using 50 
random points per photograph to document 
percentage cover. 

Current field tests evaluated transect lines 
of different lengths (10 m, 25 m, and 50 m) 

using visual estimation quadrats (Ohlhorst 
et al. 1988), planar point intercept quadrats 
(Reed 1980), photoquadrat (Coyer and Wit-
man 1990), and video (Aronson et al. 1994) 

techniques to measure coral cover (Table 2). 
Sampling was repeated at several locations to 
estimate sampling precision, observer vari-
ability, and statistical power to detect change. 

Photoquadrats were compared with planar 
point intercept and visual estimation quadrats 
collected 2 to 4 December 1998 in Ka¯ne‘ohe 
Bay, O‘ahu. Transect lengths of 10 m and 

25 m were used to estimate sampling error 
as a function of transect length. The same 

transects were resampled from 17 to 18 De-
cember 1998 using photoquadrats to estimate 
observer variability and examine the precision 
in relocating the transect by deploying pins 

every 2 m along the line. Photoquadrat data 
from Molokini were acquired across two 

sampling days from 10 to 11 October 1998 
using a 50-m transect to estimate sampling 

error on the same transect. 
The quadrat grid used for visual estimation 

and planar point intercept was 1 m2 and con-
sisted of 1.25-cm PVC tubing fitted with ny-
lon line spaced 10 cm apart to form a grid 
with 100 sampling blocks and 81 intersec-
tions. Quadrat size of 1 m2 was selected based 
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Figure 1. Study sites used in the evaluation of historical and current methods. 
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TABLE 1 

Previous Data Examined for This Study 
 

 
Method 

 

Study Sitea 

Depth 
(m) 

Transect 
Length 

Sampling 
Frequency 

Sampling 
Period 

Planar point intercept Honolua1 3 50 m  8 x/yr 1994–1998 
 Kahekili1 6 50 m  8 x/yr 1994–1998 
 Puamana1 3, 13 50 m 8 x/yr 1994–1998 
 Olowalu1 3, 7 50 m 8 x/yr 1994–1998 
Photoquadrat Molokini2 5, 12, 18 50 m 2 x/yr 1996–1998 

Fixed photoquadrat Kahe3 3, 4, 5 10 frames/site 1 x/yr 1980–1997 

a Study references: 1 Brown 1999; 2 University of Hawai‘i at Hilo and Division of Aquatic Resources, unpubl. data; 3 Coles 1998. 

 
 

TABLE 2 

Methods and Sites Examined in This Study 
 

 
Method 

 
Study Site 

 
Study 

Depth 
(m) 

Transect 
Length (m) 

Sampling 
Frequency 

Sampling 
Period 

Precision       

Planar point Ka¯ne‘ohe This study 3 10–25 2x 1998–1999 
intercept quadrat 

Photoquadrat Ka¯ne‘ohe This study 3 10–25 2x 1998–1999 
 Molokini University of 5 50 2x 1996–1998 

 
Hanauma 

Hawai‘i at Hilo 
This study 3 10 1x 1999 

Digital video Hanauma This study 3, 10 10 2x 1999 
Observer variability       

Visual estimation Ka¯ne‘ohe This study 1, 3, 10 15–25 1x 1999 

Photoquadrat Ka¯ne‘ohe This study 3 10–25 2x 1999 

 

on prior studies and the size of the organisms 
being documented (Rogers et al. 1994). Each 
quadrat was placed randomly along transect 
lines of 10, 25, and 50 m from a fixed refer-
ence mark. Different species of coral as well 
as the substrate type found within the sam-
pling blocks (visual estimation) or underneath 
each intersection (planar point intercept) 
were recorded on underwater slates. In the 
visual estimation technique the number of 
blocks occupied by each substrate type were 
recorded at a resolution of 0.5%. In the pla-
nar point intercept method the total number 
of points intersecting each type of substrate 
was counted and divided by 81 to generate a 
percentage cover value. 

The photoquadrat consisted of a PVC 
frame that supported a camera (Nikonos V) 
with a 15-mm lens and dual strobe setup. The 
camera was 0.7 m above the substrate and 

captured 0.5 m2 of benthic area. Use of the 
15-mm lens produced a slight distortion on 
the edges of the image, but this allowed de-
tection of smaller recruits and was consistent 
among samples and time periods. Further, the 
15-mm lens effectively reduces the height of 
the photoquadrat, making it more compact 
and stable in conditions of high wave motion 
typical of Hawaiian inshore reefs. Placement 
of the photoquad was determined randomly 
along transect lines of 10, 25, and 50 m. Two 
methods of line placement were utilized: fixed 
endpoints and fixed endpoints with pins along 
the transect at 2-m intervals to reduce vari-
ability in line movement. Images were pro-
jected onto a screen with 50 random points. 
Percentage cover was determined by iden-
tifying the number of points on each sub-
strate type, dividing by 50, and multiplying by 
100. 
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Precision of Digital Video Transects 

Digital video was evaluated at the Hanauma 
Bay, O‘ahu, Marine Life Conservation Dis-
trict using a camcorder (Sony VCX-1000) in 
a housing (Amphico). The two sampling dates 
were 5 January 1999 and 30 March 1999. It 
was assumed (and subsequently verified by 
4 yr of monitoring) that overall coral cover 
would not change dramatically during that 
time period. On the first date, six 10-m tran-
sects were deployed over the existing transects 
(C. L. Hunter, unpubl. data) at two depths 
(3 m and 10 m) and videotaped at a distance 
approximately 0.5 m above the substrate. On 
the second date, 13 transects were sampled 
within the same 10-m habitat but only tran-
sects 1–6 were used for the time comparison 
because these were the same transects used in 
the first sampling period. Tapes were ana-
lyzed on a VCR (Sony Digital) using ran-
domly selected frames and points on clear 
acetate sheets placed over the monitor screen. 
Substrate types under each point were iden-
tified. Sampling area per frame was approxi-
mately 0.075 m2 (25 by 30 cm). Number of 
points per frame, number of frames per tran-
sect, and number of transects per site were 
examined. Initially 10 frames per transect 
were used and number of points per frame 
was varied. This followed protocol from pre-
vious work conducted at the study site (C. L. 
Hunter, unpubl. data). Transect line was the 
sampling unit with frames treated as sub-
samples. It should be noted that logistical and 
financial constraints prevented us from test-
ing all methods across all sites. Therefore, 
methods were tested in heterogeneous habi-
tats (range of coral cover 34 to 55%) that 
were considered the worst-case scenario with 
respect to sampling variation. 

Cost Analyses 

Each method was assessed in terms of the 
quantity of data gathered per survey as well as 
the time required to collect and process the 
data. This produced a common unit of data 
points per 1-hr dive (1 survey). To compare 
methods over time a cost per data point per 
survey was calculated for four different survey 
scenarios (1 survey, 10 surveys, 50 surveys, 

and 100 surveys). This comparison included 
equipment setup costs, consumables (e.g., 
film, tape, etc.), labor, and logistical consid-
erations (e.g., dive vessel charter, per diem, 
vehicle rental, air fare) in relation to sam-
pling distance from the marine laboratory. 
Administrative costs were assumed to be equal 
among the methods, so only the actual costs 
for the field survey and data analysis were in-
cluded. 

 

Statistical Analysis 

Database storage and initial analysis was con-
ducted in Statistica 6.0 (StatSoft 2001). Two 
separate analyses were conducted: determi-
nation of precision of field techniques sam-
pled over a short temporal scale (Sale 1997) 
and power analysis of previous and current 
studies. Percentage data were subjected to 
an arcsin–square root transformation before 

testing. Paired t-tests were used in the pre-
cision comparisons instead of a repeated-
measures analysis of variance (ANOVA) due 
to the unequal sample sizes among different 
transect lengths. Our estimation of statistical 
power for previous studies used methods de-
scribed in Zar (1999: chapter 12, equation 
12.43). For the current study, power estima-
tion for repeated measures and nested two-
way ANOVA, where a minimum detectable 
difference or effect size of 10% absolute 
change in coral cover was specified, we used 
Zar (1999: chapter 12, equation 12.45). In 
each case, power was also verified using the 
Power module in Statistica 6.0. 

results 

Previous Monitoring Studies in Hawai‘i 

Previous studies, with the exception of the 
Kahe Point monitoring effort (Coles 1998), 
generally showed low statistical power to de-
tect change due to high variability within a 
site and small sample size (Table 3). Statisti-
cal power to detect change of 0.95 was ob-
tained for the Kahe Point study, which used 
fixed photoquadrats. Fixed photoquadrats 
provide additional information on recruit-
ment, growth, and mortality of individual 

239



 
TABLE 3 

Estimation of Statistical Power from Historical Data Sets 
 

Study Area/Factor MSE MSG DFG DFE l f Power 

Planar Point Intercept        

Honolua/Time x Site 0.036 0.061 4 240 2.82 0.75 0.23 
Kahekili/Time x Site 0.074 0.171 8 120 10.41 1.08 0.58 
Puamana/Time x Site 0.015 0.077 4 112 16.92 1.84 0.92 
Olowalu/Time x Site 0.105 0.038 4 176 -2.56 NA 0.00 

Photoquadrat 

Molokini/Time x Depth 0.549 0.499 8 1553 -0.73 NA 0.00 
Fixed Photoquadrats        

Kahe/Time x Site 0.008 0.021 21 189 34.19 1.25 0.95 

Note: MSE, mean square error; MSG, mean square group; DFG, degrees of freedom group; DFE, degrees of freedom error. 

 

 
TABLE 4 

Precision of Repeated Measures for Current Study 
 

 
Method 

 
Site 

 
Date 1 

 
Date 2 

TL 
(m) 

 

n 

 
Mean % 

Difference 
 

SD 
 

%CC 

PPI Ka¯ne‘ohe 2 Dec. 1998 4 Dec. 1998 10 17  10.6 11.8 47.6 
  2 Dec. 1998 4 Dec. 1998 25 31  10.9 9.7 33.5 
Photoquad Ka¯ne‘ohe 2 Dec. 1998 4 Dec. 1998 10 20  10.0 14.6 55.1 
  2 Dec. 1998 4 Dec. 1998 25 72  15.9 9.8 39.9 
 Ka¯ne‘ohe 17 Dec. 1998 18 Dec. 1998 10a 20  7.5 7.6 41.7 
  17 Dec. 1998 18 Dec. 1998 25a 50  8.9 6.7 40.5 
  17 Dec. 1998 18 Dec. 1998 10b 10 Same obs. 7.5 7.6  

  17 Dec. 1998 18 Dec. 1998 10b 10 Diff. obs. 10.4 10.0  

  17 Dec. 1998 18 Dec. 1998 25b 25 Same obs. 8.9 6.7  

  17 Dec. 1998 18 Dec. 1998 25b 25 Diff. obs. 8.3 5.5  

 Molokini 10 Oct. 1998 11 Oct. 1998 50 32  23.7 18.1 35.2 

Note: PPI, planar point intercept; TL, transect length; n, number of quadrats per transect; SD, standard deviation; %CC, per-
centage coral cover. 

a Pins placed every 2 m to reduce transect movement. 
b Same transects used but different observers on photo analysis. 

 

coral colonies (Hughes 1996, Coles 1998). 
Puamana had very high statistical power to 

detect change (P ¼ 0:92) but was charac- 
terized by low coral cover (<15%). Honolua 
(P ¼ 0:23) and Kahekili (P ¼ 0:58) had low 
to  moderate  statistical  power  to  detect 
change, with coral cover from 25 to 55%, re-
spectively. Statistical power to detect change 

at Olowalu (P ¼ 0:0) was very low because of 

a patchy coral distribution characterized by a 
spur and groove reef with stands of high coral 
cover (45–50%) interspersed with sand chan-
nels. Photoquadrats used at Molokini also 
had very low statistical power to detect 
change (P ¼ 0:0), with moderate coral cover 
(35%). 

Evaluation of Sampling Designs for 
Current Study 

precision of repeated sampling us-
ing visual estimation, planar point 
intercept, and photoquadrats. Repeat 
photoquadrats and point-intercept quadrat 
data showed high variability and consequently 
low precision (Table 4). Longer transects had 
higher mean percentage difference between 
quadrats (e.g., 25 m at Ka¯ne‘ohe: 15.9 G 

9.8%) than shorter transects at the same 
location (e.g., 10 m at Ka¯ne‘ohe: 10.0 G 

14.6%). Variability for both transect lengths 
(10 m: 7.5 G 7.6% and 25 m: 8.9 G 6.7%) 
was reduced by placing temporary pins every 
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Figure 2. Relationship between standard deviation of mean coral cover versus number of points sampled per frame for 
transects surveyed in Hanauma Bay. 

2 m along the transect. The pins reduced 
transect movement during the survey and al-
lowed more accurate repositioning of the line 
during subsequent surveys. At Molokini, 
transect length of 50 m had the lowest preci-
sion with the highest mean percentage differ-

ence (23.7 G 18.1%) among quadrats. 
Photoquadrats produced significantly 

higher estimates of coral cover than planar 
point intercept for the same quadrats sampled 
(10-m transect, t ¼ -2:7, df ¼ 9, P ¼ 0:025; 

25-m transect, t ¼ -2:3, df ¼ 16, P ¼ 0:032).
Mean percentage difference between compa- 
rable quadrats, however, was quite similar
between methods (Table 4). Variability be-
tween quadrats for the 10-m transect (10.6%
for planar point intercept versus 10.0% for
photoquadrat) was more comparable than
mean percentage differences for the 25-m
transect (10.9% for planar point intercept
versus  15.9%  for  photoquadrat).  Neither

method, however, yielded satisfactory preci-
sion. Variability between observers analyz-
ing the same data was low for both transect 
lengths (Table 4). 

precision of digital video tran-
sects. Plotting standard deviation against 
number of points per frame indicated that 
optimum number of points was approxi-
mately 50 per frame (Figure 2). This was il-
lustrated by the weighted least squares curve 
and consequently the variation leveling off at 
about 50 points per frame. Another approach 
to determining optimal number of points per 
frame was to examine the interaction term in 
a two-way ANOVA for transects sampled two 
times in succession. Theoretically, trends in 
coral cover should be reasonably similar for 
the two samples. Estimates from 10 points 
per frame showed a different trend in coral 
cover between the two samples compared 
with 50 and 100 points sampled per frame 
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Figure 3. Power analysis for number of transects with different numbers of points per frame and different number of 
frames per transect. 

(F ¼ 8:29; df ¼ 2,20; P < 0:0024). In other 

words, use of fewer points can lead to mis-
interpretation of a trend. 

To examine how accurately the point 
method characterized true substrate cover we 
mapped out the coral cover using visual esti-
mation with a grid placed on the screen (see 
Dethier et al. 1993). A similarity matrix was 
constructed and different observers had very 

similar estimates (@95%) using the visual 
technique. These values also corresponded 
well to the estimates from 50 and 100 points 

per frame (>85% similarity). In contrast, es- 
timates from 10 points per frame had less 
than 80% similarity with the other estimation 
techniques. Though the sample size was small 

(n ¼ 10 frames) it appears that 50 and 100 

points per frame provided a reasonable esti-
mate of coverage and was a more accurate 
description of the benthos than estimates 
from 10 points per frame. 

statistical power analysis for dig-
ital video. Statistical power curves were 
constructed for the number of points per 
frame and number of frames per transect us-
ing methods described by Zar (1999). The 
target sample size (number of transects) was 
set to detect an absolute change of 10% (ef-
fect size) in coral cover across two time peri-
ods. Number of frames was more important 
in increasing statistical power than number 
of points though the difference was not sub-
stantial (Figure 3). For example, the statistical 
power for 50 points using 20 frames is higher 

242



TABLE 5 

Comparison of Time and Monetary Costs Associated with Each Method in Relation to Sampling Distance 

Proximity to 
Marine 

Area 
Sampled 

Total 
Points/ 

Total Timec/ 
Survey 

Total 
Cost ($)/ 

Cost ($) per data point per surveyd 

Laboratory (m2) Pointsa Surveyb (min) Survey  1 survey 10 surveys 50 surveys 100 surveys 

Close site (<10 km) 

Visual estimate 15 100 1,500 135 547 0.36 0.31 0.31 0.31 
Visual-PPIe 12 81 972 108 542 0.56 0.48 0.47 0.47 
Photoquadrat 18 50 1,800 294 4,335 2.41 0.49 0.32 0.30 
Digital video 35 10 2,000 620 5,804 2.90 0.54 0.33 0.30 
Digital video 35 50 10,000 1,580 5,964 0.60 0.12 0.08 0.08 
Digital video 35 100 20,000 2,520 6,121 0.31 0.07 0.05 0.05 

Intermediate site (10–50 km) 

Visual estimate 15 100 1,500 135 765 0.51 0.46 0.46 0.45 
Visual-PPIe 12 81 972 108 760 0.78 0.70 0.70 0.70 
Photoquadrat 18 50 1,800 294 4,553 2.53 0.61 0.44 0.42 
Digital video 35 10 2,000 620 6,022 3.01 0.65 0.44 0.41 
Digital video 35 50 10,000 1,580 6,182 0.62 0.15 0.10 0.10 
Digital video 35 100 20,000 2,520 6,339 0.32 0.08 0.06 0.06 

Remote site (>50 km) 
Visual estimate 15 100 1,500 135 2,002 1.33 1.28 1.28 1.28 
Visual-PPIe 12 81 972 108 1,997 2.06 1.98 1.97 1.97 
Photoquadrat 18 50 1,800 294 5,790 3.22 1.30 1.13 1.11 
Digital video 35 10 2,000 620 7,259 3.63 1.26 1.05 1.03 
Digital video 35 50 10,000 1,580 7,419 0.74 0.27 0.23 0.22 

Digital video 35 100 20,000 2,520 7,576 0.38 0.14 0.12 0.12 

a Number of points per quadrat/frame. 
b 1-hr dive. 
c Included data collection and analysis. 
d Costs were prorated for equipment, supplies, labor, and logistics. 
e Planar point intercept. 

than that for 100 points using 10 frames even 
though the total number of points examined 
is the same. This is primarily due to the fact 
that more frames sample a larger portion of 
the habitat, which incorporates more of the 
heterogeneity of the substrate. A sample size 
of 10 transects per site appeared to be ade-
quate for detecting an absolute change in 
coral cover with high statistical power of 0.8 
using the convention set by Cohen (1988). 

analysis of time and monetary 
costs. Digital video methodology produced 
far more data per 1-hr dive (e.g., 50 points 
per frame generated 10,000 points) than vi-
sual estimation (1500 points per dive), planar 
point intercept (972 points per dive), or pho-
toquadrats (1800 points per dive) (Table 5). 
Digital video had the highest initial setup cost 
at over $5000 and consequently the highest 
cost per initial survey (>$5800). Comparison 
of methods over time, however, indicated that 

the digital video methods were the most cost-
effective (range, $0.05–$0.30 per data point) 
after 100 surveys at the close site (Table 5). 
In contrast, visual estimation techniques were 
the most expensive method (range, $0.31– 
$0.47) per data point after 100 surveys at the 
close site. Photoquadrats were intermediate 
and cost approximately $0.30 per data point 
after 100 surveys. The cost-effectiveness of 
the digital video method compared with other 
techniques increased in more remote loca-
tions where logistical expenses were incurred. 
Finally, digital video sampled almost twice 
the area (35 m2) of the next closet method 
(photoquadrat: 18 m2), increasing the spatial 
inference of the results (Table 5). 

discussion 

Selection of an appropriate sampling protocol 
to detect change in benthic cover depends on 
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numerous regional factors such as the vari-
ability of the habitat, oceanographic condi-
tions, and time and monetary constraints. 
Statistical power to detect change was gen-
erally low with previous sampling designs 
utilized  in  Hawai‘i.  Some  techniques  are 
only suitable for delineating major changes 

(>90%) in coral cover between yrs. The low 

statistical power of the previous methods 
was primarily due to low precision from the 
longer transects coupled with small sample 
size. The fixed photoquadrats at Kahe Point, 
however, had high precision and high statis-
tical power to detect change using a repeated-
measures design but was limited in spatial in-
ference due to the small sampling area (see 
Aronson and Swanson 1997). 

Digital video transects incorporate a larger 
spatial area than previous methods and con-
sequently capture more of the spatial vari-
ance within reefs (Aronson and Swanson 
1997, Vogt et al. 1997). This study indicated 
that 50 random points per frame was ade-
quate to accurately describe the habitat, and 
increasing the number of frames per transect 
to 20–30 increased statistical power to detect 
change. Using a shorter transect line (sample 
unit) to increase precision was also preferred 
as indicated by the fieldwork with the quad-
rats. Precision at the level of the transect is 
still a concern and will vary due to differences 
in line deployment, camera orientation, frame 
selection, and random point generation. Pre-
liminary results from current studies, how-
ever, indicate that this measurement error 
is on average less than 3% (E.B., E.C., and 
K.R., unpubl. data). 

Visual estimation techniques had the low-
est start-up costs but did not permit image 
archiving needed for later reanalysis (i.e., 
quality assurance/quality control) and/or to 
address additional questions (e.g., Carleton 
and Done 1995). Digital video required the 
largest initial investment but generated the 
greatest number of data points per survey. 
This technique was cost-effective if capital 
investment was offset by a large number of 
surveys (e.g., $0.08 per data point using 50 
points per frame after 100 surveys) (Table 5). 
Another consideration is the cost of operating 
in remote locations where travel, per diem, 

and boat charter fees are the most crucial 
factors. Costs per site per day ranged from 
$2130 at sites adjacent to the marine labora-

tory, to nearly $4290 for distant sites on 
neighboring islands. In these situations the 
cost of getting to the site is the most ex-
pensive parameter, so the quantity of field 
data collected per unit time is critical. Digital 

video became more cost-effective in compar-
ison with other methods at these remote sites. 

Based on the results from the evaluation 
procedure, two different and complementary 

methods were selected by CRAMP for ben-
thic monitoring. Digital video over a large 
area using randomly stratified fixed transects 

was used as the primary technique to mea-
sure changes in benthic cover over time. This 
method is based on randomly selected images 

along each transect, so it tells us little about 
recruitment or the fate of individual colonies. 
Another limitation is the reduced taxonomic 
resolution of the substrate (Carleton and 

Done 1995, Tomkins et al. 1999). Conse-
quently, high-resolution fixed photoquadats 
with high precision and statistical power were 
installed as the second method to track 

the growth, recruitment, and mortality of 
coral colonies and other benthic organisms 

(Hughes 1996). 
Digital video was used to measure changes 

in coral cover by surveying 10 permanent 
(fixed) transects at two depths (e.g., 3 m and 
10 m). The decision to employ fixed transects 
for the CRAMP study was based on previous 
studies (Green and Smith 1997) and our own 
field experience. Fixed transects have been 
shown to reduce the temporal variance in 
sampling reef communities and as a result 
provide better statistical power to document 
change compared with random sampling with 
the same sample size (Rogers et al. 2002). 
Further, the high-wave-energy conditions 
found along the Hawaiian coastlines create 
difficulties in field sampling that are greatly 
reduced through use of well-marked perma-
nent transects and permanent photoquadrats. 
Finally, several yr of sampling coupled with 
the new NOAA habitat maps for Hawai‘i 
indicated that the fixed transects were fairly 
representative of the surrounding habitat. 
These transects were initially selected at ran- 
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dom from a pool of 50 possible starting points 
located in a 2 by 100 m grid along a depth 
contour. To assist in relocating the transect 
grid a central spine of 11 pins (0–100 m) was 
installed every 10 m with global positioning 
system (GPS) marks at the beginning and 
end. Each transect was 10 m long and ana-
lyzed using 20 randomly selected nonover-
lapping video frames, with 50 randomly 
selected points per frame. Total area sampled 
at each depth is 35 m2 (Table 5). Sampling 
frequency is once a year at each site. A 
repeated-measures ANOVA design is being 
used, and frames per transect are treated as 
subsamples along a transect. This protocol is 
sufficient to detect an absolute change of 10% 

in coral cover over time with high statistical 
power (P > 0:8 at a a 0:05) across a variety 
of habitats in Hawai‘i. 

The fixed photoquadrats examine growth, 
recruitment, and mortality of individual cor-
als at a smaller spatial scale (Porter and Meier 
1992). Five randomly selected photoquadrats 
at each depth contour were established with 
one pin in each corner to ensure accurate re-
positioning of the frame. The frame samples 
0.33 m2 of the substrate at a height of 0.5 m 
from the bottom, with the total area sampled 
at each depth being 1.7 m2. Images of corals 
are traced and digitized for two-dimensional 
estimates of aerial coverage. Sampling fre-
quency is annually. 

In summary, the first phase of any benthic 
monitoring program should be directed at 
development and evaluation of statistically 
valid sampling protocols that meet the local 
requirements. Second, benthic monitoring 
methods will vary regionally due to differ-
ences in coral reef community composition, 
oceanographic characteristics, and economic 
constraints. Finally, the focus of benthic 
monitoring protocols should be on the ability 
to detect change regardless of method se-
lected. 
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Assessing carrying capacity using demographics, visitor experience and field
studies: the case of Hanauma Bay Nature Preserve
Ku’ulei S. Rodgers, Andrew T. Graham, Shannon K. Murphy, Abigail S. Tripler and Kaylee Scidmore-Rossing

Hawai’i Institute of Marine Biology, University of Hawai’i, Kāne’ohe, HI, USA

ABSTRACT
The Hanauma Bay Nature Preserve (HBNP) was designated the first Marine Life Conservation
District in Hawai’i in 1967. It is the most popular visitor snorkelling experience on the island of
O’ahu. A social carrying capacity study was conducted upon reopening, following a nine-month
COVID-19 closure due to travel restrictions. 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. Demographics, recreational activities, crowding
perceptions, and educational availability were assessed. Visitor activity photos and counts were
evaluated in context with survey responses. Perceived visitor contact on the reef was compared
to in situ snorkelling impact. These quantitative observations reported an average of one reef
disturbance for every two individuals. Photographic analysis of breakage of selected baseline
corals prior to closure were compared to corals following reopening of the preserve in 2021.
Partial mortality occurred in 60% of coral colonies. Successful management policies that include
social carrying capacities should align with biological carrying capacities to balance the health
of the ecosystem with a positive experience for visitors. These management strategies provide a
holistic approach to advance conservation and meet visitor satisfaction goals.
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Introduction

Marine Protected Areas (MPAs) are designated regions
of the ocean with specific management policies regulat-
ing human activity to prioritize the conservation of
natural resources. Marine Protected Areas are a level of
marine conservation used throughout the United
States and many countries worldwide. MPAs can vary
in their level of protection from having strict no-take pol-
icies to having seasonal openings and closures for
specific resource protection. Marine Protected Areas
can be compared globally to Marine Parks like the
Great Barrier Reef in Australia where there are regu-
lations on species or zones in the Park (https://www2.
gbrmpa.gov.au). The objectives of establishing an MPA
can include protecting key habitats, regulating
fisheries and maintaining biodiversity (Rees et al.,
2015). Additionally, MPAs can be designated as marine
recreation area for the enjoyment of the public while
protecting fragile ecosystems. Aesthetic value and
leisure opportunities are some of the important socio-
economic ecosystem services provided by these areas
(Rees et al., 2015). In some locations, researchers have
documented a greater number of visitors within MPAs
than in nearby unprotected areas (Gonson et al., 2017).
Providing controlled visitor access to vulnerable and

unique locations can also offer opportunities for ocean
conservation education (Wanger, 2001). There are a
variety of types of MPAs including reserves, sanctuaries,
and no-take zones, which are managed at the federal
and state levels. Over the last 55 years, the State of
Hawai’i has created 11 MPAs designated as Marine Life
Conservation Districts (MLCDs) with limited or no
fishing allowed (Hawai’i Marine Life Conservation Dis-
tricts 2022). These regulations allow fish populations to
increase and contribute to high biodiversity at these
sites (State of Hawai’i, 2022). This, in turn, attracts visitors
to the MLCDs as they are reliable locations to view
marine wildlife (Clark, 2016; State of Hawai’i, 2022). An
additional beneficial spill-over effect can enhance adja-
cent fisheries from the movement of individuals from
marine reserves to nearby areas (Stamoulis & Friedlan-
der, 2013).

Hawai’i is an archipelago of volcanic islands, consist-
ing of eight main islands and extending northwest to
include 137 small islands and atolls. It is positioned in
the central Pacific Ocean 4000 km from the nearest con-
tinent. This makes it one of the most isolated areas that
is still easily accessible by commercial plane. Hawai’i is a
well-known vacation destination that continues to grow
in popularity. Known for its tropical climate, natural
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beauty and island culture, visiting Hawai’i provides a
unique opportunity to experience Pacific Island ecosys-
tems and culture. These features make it a common des-
tination for everything from weddings to family
vacations to professional conferences. With over seven
million visitors annually, tourism has increased by
more than 65% since the 1980s and is the number one
contributor to the state’s economy (Clark, 2016;
Needham et al., 2008; Wanger, 2001). Prior to COVID-
19 restrictions, tourism spending of nearly 18 billion
dollars generated over two billion dollars in state tax rev-
enues in 2019. In addition, the tourism industry sup-
ported 219,000 local jobs (Hawai’i Tourism Authority,
2020). The warm water temperatures and high visibility
draw over 85% of tourists to engage in ocean recreation
activities such as snorkelling, swimming and diving
(Hawai’i Tourism Authority, 2020). The preservation of
Hawai’i’s nearshore ecosystem is imperative to the econ-
omic continuation of this industry.

The impacts of recreational use on coral reef habitats in
Hawai’i have increased (Severino et al., 2020). Even no-take
regions can be of concern, due to resource damage and
environmental degradation. Funded studies on carrying
capacities have indicated a growing concern for the
resources in these areas (Severino et al., 2020). MLCDs
such as the Hanauma Bay Nature Preserve have been suc-
cessfullymarketedbyall facets of the tourism industry. Eco-
tourism has expanded into more pristine and less
accessible regions. Marine protected areas have become
an open invitation to the tourism industry. The Hawai’i Visi-
tors Bureau and the tourismcompaniespromoteprotected
areas without financially supporting their sustainability.
There have been numerous efforts and significant funds
applied to promoting the industry, but sparse resources
havebeen allotted to investigating the impact of the indus-
try on the resources (Severino et al., 2020).

The following research questions for the current
survey were developed to determine changes in the
past two decades that have occurred at the Hanauma
Bay Nature Preserve (HBNP) as compared to previous
similar surveys conducted in 1990, 2001 and 2002 (Lank-
ford et al., 2005; Reynolds, 1990; Wanger, 2001). The
areas of investigation and evaluation include visitor
demographics, perceptions of crowding, recreational
activities, and educational materials. To develop man-
agement and educational recommendations to
improve visitor satisfaction, determine an effective carry-
ing capacity, and prioritize conservation and educational
strategies, the following research questions were devel-
oped to guide this case study.

(a) Have visitor demographics shifted over the past two
decades since the last survey?

(b) Are perceptions of crowding and marine life
appreciation correlated with visitor satisfaction?

(c) What is the perceived effectiveness of various edu-
cational opportunities?

(d) How have responses changed in contrast to prior
surveys at the HBNP?

In 1967, the 101-acre Hanauma Bay Nature Preserve
(HBNP), on the island of O’ahu, was designated the
first MLCD in Hawai’i (Hawai’i Marine Life Conservation
Districts 2022; Clark, 2016). Under this designation,
neither biological nor geological materials could be
removed from the preserve (Brock & Kam, 2000). In
1970, it was further designated as an Underwater State
Park (Gardner, 1999) due to its calm, protected ocean
conditions, natural beauty, and abundance of marine
organisms, particularly fishes (Reynolds, 1990). With its
scenic landscape and biodiverse marine life, the HBNP
became an increasingly popular recreation area. In
1975, an average of 1370 people visited the preserve
daily, prompting managers to set the sustainability
level at 1363 people per day (Clark, 2016; Vieth & Cox,
2001). By 1988, visitors had increased by up to 880%
of the recommended capacity to 10,000–12,000 visitors
per day (Hanauma Bay Beach Park Development Plan,
1977; Vieth & Cox, 2001). The high number of visitors
contributed to decreased visibility and poor water
quality (Gardner, 1999). There was also concern over
the addition of large amounts of freshwater from
showers with the associated introduction of bacteria
and increased pollution (Brock & Kam, 2000). Addition-
ally, fish feeding introduced large quantities of particu-
lates into the ecosystem (Clark, 2016; Reynolds, 1990).
Corals were trampled and habitat conditions declined
substantially (Gardner, 1999).

Recognition of ecosystem decline and concerns over
the decreased quality of the visitor experience prompted
changes in the management of the preserve. This
included restrictions on the number of visitors, parking
limitations and the introduction of user fees. In 1990,
fees on commercial tours visiting HBNP were instated,
and the number of tour buses was limited (Brock &
Kam, 2000). By 1990, visitor counts were roughly 8000
per day (Gardner, 1999). Beginning in 1995, nonresident
visitors to the HBNP were charged an entrance fee
(Gardner, 1999; Mak & Moncur, 1998). By 1999, daily
counts were down to 6808 per day (Clark, 2016; Vieth
& Cox, 2001). A 2000 report stated there was a mean
of 3210 visitors daily (over 1.1 million annually) and
this was perceived as a sustainable number based on
the level of disturbance to marine biota and water
quality (Brock & Kam, 2000).

2 K. S. RODGERS ET AL.

250



In 2016, there were roughly 3000–5700 visitors per
day, limited by parking availability and an entrance fee
of $5.00 (Clark, 2016). In 2017, the entrance fee was
raised to $7.50 and in early 2020 this was increased to
$12.00 to raise revenues for operations. During the
COVID-19 pandemic the reserve closed completely
from 16 March 2020 to 2 December 2020, and was
gradually reopened with limited capacity (Severino
et al., 2020). During 2021 there was an average of
approximately 1500 visitors per day (Hanauma Bay
Attendance, 2020 & 2021). As of January 2022, the
visitor entry is limited to 1500 people per day
(<400,000/year) with an increased entrance fee of
$25.00 and a $3.00 parking fee for nonresidents.
Additionally, the preserve is closed two days each
week, an increase from the once-weekly closure pre-
viously initiated to allow for resource recovery
(Hanauma Bay Information and Fees, 2021).

A major consequence of increased visitor usage of an
MPA is ecological degradation. The HBNP attracts many
tourists including beginning snorkellers who are not
comfortable with the use of a snorkel and mask
(Hanauma Bay Case Study, 1989). In a 1990 survey,
greater than half the participants rated themselves as
beginning level snorkellers. Researchers observed incor-
rect use of snorkelling gear and a lack of education on
how to use the equipment (Reynolds, 1990). Inexperi-
enced snorkellers contact the reef resulting in coral
breakage (Hanauma Bay Case Study, 1989). Human
trampling has been directly linked to adverse effects
on coral growth and mortality (Rodgers & Cox, 2003).
Recent work on the biological carrying capacity of the
HBNP has shown increased visitation can cause shifts
in fish and coral distribution (Severino et al., 2020).
Additionally, fish density has been shown to decrease
in areas of high snorkelling activity (Severino et al.,
2020). Consequently, reef trampling can have wide-
spread negative effects on ecosystem health (Rodgers
& Cox, 2003). To address these human impacts on
marine life, a mandatory educational video detailing
proper reef etiquette was introduced to the HBNP in
2002 (Maurin, 2008).

With the management of any conservation area, it is
difficult to strike a balance between recreation and eco-
system health. This study examines this issue, focusing
on how visitors interact with each other, using surveys
of crowding perceptions and recreational activities, as
well as how visitors interact with the environment,
through assessing reef damage and ecosystem degra-
dation. The term ‘social carrying capacity’ has been
used since the 1990s and is defined by the National
Park Service as ‘the type and level of visitor use that
can be accommodated while sustaining acceptable

resources and social conditions that complement the
purpose of the park’ (National Park Service, 1997). This
has been applied to a variety of settings including
MPAs (Lankford et al., 2005). While data on visitor
counts provide some measurement of usage, it does
not encompass the full picture of human impact and
visitor experience. The number of people that can use
a resource sustainably can be viewed as a dynamic
metric that is dependent on human behaviour (Brock
& Kam, 2000; Maurin, 2008). Visitors exposed to edu-
cational materials are likely to cause less damage,
increasing the number of people an ecosystem can
sustain (Mak & Moncur, 1998; Maurin, 2008). Social carry-
ing capacity is a complex concept that relies on the per-
ception of the visitor experience with a variety of
measures assessing both human and biological capacity.
While many social carrying capacity studies have been
conducted in terrestrial environments, far less work has
taken place in marine reserves. Markers of ecosystem
health and types of visitor interactions with the resource
differ between these settings, making it difficult to apply
conclusions from terrestrial system studies to manage-
ment of MPAs.

Perceptions of crowding play an important role in
establishing social carrying capacity and implementing
effective management policies (Chen & Teng, 2016).
These perceptions are often influenced by an individ-
ual’s background, previous experiences, and preferences
(Chen & Teng, 2016; Gonson et al., 2017). Awareness of
crowding can also be influenced by the layout and phys-
ical features of the recreation area (Gonson et al., 2018).
Overcrowding has been identified as a significant aspect
of the visitor experience and a major area of concern in
recreation area management (Chen & Teng, 2016). Para-
doxically, management of this issue is often met with
resistance. In a 1990 survey conducted at the HBNP
when visitors averaged 8000 per day, nearly a third of
visitors reported crowding as their chief complaint,
however, when asked about management strategies,
30% did not want any limitations on visitation, while
25% advocated for a reservation system and 23% for
parking fees (Reynolds, 1990). In a similar study at the
Pūpūkea MLCD, most participants noted that encounters
with others did not decrease their enjoyment of the
marine resource (Needham et al., 2008).

At the HBNP concerns over human-induced water
quality decline, negative consequences of fish feeding,
and resource degradation were first raised in 1989,
prompting a visitor use study utilizing questionnaires
in 1990 (Hanauma Bay Case Study, 1989; Reynolds,
1990). Since then, visitor surveys with varied foci, have
been conducted periodically (Reynolds, 1990). Similar
questionnaires at other MLCDs have shown the most
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popular management strategy was increasing visitor
education opportunities, rather than imposing capacity
limits (Needham et al., 2008). At the HBNP visitors
expressed interest in learning more about marine life,
particularly through brochures and videos (Reynolds,
1990). In response to this feedback, a variety of edu-
cational approaches have been used at HBNP including
a beach kiosk, guided walking tours and having volun-
teers available to answer questions (Komatsu & Liu,
2007; Wanger, 2001).

As a scarce open-access resource, the HBNP is at a
high risk for overuse and has the potential to dispropor-
tionately provide access to the visitors of particular
nationalities, socio-economic backgrounds, age groups
and ethnicities (Vieth & Cox, 2001). To quantify these
issues, this study utilized a visitor exit survey encompass-
ing a wide variety of topics including perceptions of
both the natural landscape and anthropogenic elements
of Hanauma Bay. This is coupled with visitor photo
counts and an in situ study of actual impact. The
overall objective of this investigation was to gain
insight into visitor experience at the HBNP with particu-
lar interest in demographics, crowding, interactions with
marine life and the role of educational programmes.
Building off previous surveys, this study conducted
two decades later, offers another timepoint to assess
visitor needs and the effectiveness of recent manage-
ment changes such as capacity limits, fees and edu-
cation materials from the visitors’ viewpoint. This data
can then be applied to inform management decisions
regarding best practices for visitation restrictions and
educational opportunities, with the ultimate goal of
maintaining the ecological integrity of the preserve
while allowing for responsible recreation and enjoyment
of resources. Comparisons in the context of theories and
constructs from other similar research to this case study
can expand our knowledge base in the field of carrying
capacities and validate prior research.

Methodology

Background

This study was conducted at the Hanauma Bay Nature
Preserve on the island of O’ahu, Hawai’i to assess the
social carrying capacity of the park based on visitor per-
ceptions. A 30-question survey was developed consist-
ing of 28 multiple-choice questions and two open-
ended questions (Appendix). Selection criteria for the
number of questions included response time, question
complexity, and subject coverage. As required by law,
the University of Hawai’i follows government regulations
on the protection of research subjects. These regulations

apply to all interviews conducted within the purview of
the University. In compliance with this programme,
online training courses from the Collaborative Insti-
tutional Training Initiative Training Program were com-
pleted. These included topics in research, ethics, and
compliance. Approval of research questions was
obtained from the Institutional Review Board prior to
the initiation of interviews.

Survey design

Surveys are a widely used method to gain insight into
visitor perspectives and assess aspects of social carrying
capacity. They gauge visitor satisfaction and overall per-
ceptions while providing an opportunity for the public
to offer suggestions for improvement (Needham et al.,
2008). Many surveys begin with demographic data
such as gender, age, residence, ethnicity, and income
(Gonson et al., 2017). Questionnaires can also provide
data on why people are visiting a particular area and
how they are impacting the environment.

Surveys were conducted to determine demography,
visitor attraction and satisfaction, effectiveness of edu-
cational materials, and facility sufficiency. The survey
questions included multiple-choice, ranking, Likert
scale rating, the degree of agreement, and open-
ended questions covering several broad areas. The first
seven questions related to demographics included,
age, gender, race, primary language, education level,
income and place of residence. To establish adequacy
of facilities, questions explored visitor satisfaction with
parking, restrooms and lifeguards. Visitor use questions
included previous experience at Hanauma Bay, per-
ceived level of crowding and appropriateness of entry
fees. Inquiries on the presence of marine life, quality of
natural resources, and effectiveness of educational con-
servation exhibits were included.

A temporary canopy to provide shade and protection
from elements was set up near the walking path adja-
cent to the Hanauma Bay gift shop where all patrons
must exit. As guests passed the tent, they were asked
to complete a voluntary, confidential, 3–5 min survey
about their experience at the HBNP. Sampling bias
limited respondents to visitors willing to complete the
survey. Families with small children and visitors that
did not read English fluently were less represented.

Surveys were conducted over two time periods,
summer (July 2021–August 2021) and winter (December
2021–January 2022) with survey days spread out within
each month. Surveys were conducted at varied incre-
ments in the morning and afternoon, spanning from
8:00 to 15:30 equally on Wednesdays through Sundays,
the days the preserve is open to the public. Time
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constraints and HBNP hours limited the number of
visitor surveys to approximately 50 per survey day.
During the summer sample period, 340 surveys were
completed over 10 days, and during the winter 344
surveys were completed over nine days. The first 175
surveys were completed on paper with the remaining
using Google Forms on four Samsung tablets. Total
counts for each multiple-choice, ranking, and Likert
scale question were tallied and a percent of total was
generated.

Responses for both winter and summer surveys were
combined in considering the results of the survey for a
total of 684 participants. In Likert scale questions with
a rating scale of 1–5, a rating of 3 was considered a
neutral response. For the purpose of direct binary com-
parison, responses of 1 and 2 or 4 and 5 were grouped
together. For example, responses very satisfied (5) and
satisfied (4) may be referred to as satisfied visitors and
dissatisfied (2) and very dissatisfied (1) would be con-
sidered dissatisfied.

Beach counts

In addition to visitor questionnaires, hourly photos of
the beach were taken during each survey day to deter-
mine visitor usage using an iPhone X. The bay was
divided into four sections used in previous studies,
based on locally named divisions (Channel, Keyhole,
Witch’s Brew and Backdoor) (Figure 1). The number of
people on the beach, standing in the water and swim-
ming or snorkelling was tallied from each photo. There
was a total of 28 photos annotated for the summer
survey period and 34 over the winter surveys.

Reef disturbances

Snorkelling interactions were observed in situ to
compare perceived impacts from survey responses
with quantified impacts on the reef. Five 5 × 5 m
(25 m2) plots were delineated in the most heavily used
sectors of the HBNP (Figure 1). Two plots were located
within each of the Backdoor and Keyhole divisions
with a reference plot outside the reef flat in deeper
waters not frequented by visitors. For relocation pur-
poses, plastic cable ties were secured directly to the
reef at the corners of each plot. Over a nine-month
period in 2021, plots were surveyed bi-monthly at 30-
minute intervals between 11:00 and 13:00 h. The order
in which the plots were surveyed was randomly selected
using a random number generator in Microsoft Excel
prior to each survey to allow for possible differences in
the number of visitors that may vary temporally
throughout the day. Snorkeller behaviour observations

were categorized as kicking, stepping, sitting, grasping
and body grazing (Murphy, 2021).

A total of 15 Pocillopora meandrina were selected
within the plots to document breakage and snorkeller
interactions. Species selection was based on widespread
availability of this species across plots. Each colony was
photographed biweekly (n = 18) over the nine-month
survey period. A Master Lock© combination lock was
placed adjacent to the coral within the field of view as
a reference scale to calculate coral surface area and as
a colony identifier (Figure 2(a)). Observational data
were collected to determine changes in colony
disease, discolouration, abrasion, or loss to separate bio-
logical from human reef interactions (Figure 2(b)). Preda-
tion and burrowing organisms were identified and
recorded. ImageJ, an open-source software by Schinde-
lin et al. (2015), was used to calculate the surface area of
each colony from top-view images to avoid parallax. Size
reference was derived from each dial on the lock
measuring 0.7 cm in length. To reduce variability, total
surface area was computed three times for each image
and averaged. A single analyzer was used to eliminate
observer error. Initial partial mortality was excluded
from the total living tissue surface area to exclude
impacts incurred prior to the survey period. Temporal
patterns of change were derived from the repeated
surface area measurements (Murphy, 2021).

Figure 1. Designated plots for data collection in Hanauma Bay:
Backdoor far-shore plot (BF, 1), Backdoor near-shore plot (BN, 2),
Keyhole far-shore plot (KF, 3), and Keyhole near-shore plot (KN,
4), outside-reef plot (OR, 5). The image is to scale, but the white
boxes are not. Basemap: Google Earth (https://earth.google.
com/web).
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Results and discussion

To provide clarity, reduce redundancy, and improve
interpretation, results and findings for each section
have been merged. While there was no standardized
format for social carrying capacity studies conducted
at the Hanauma Bay Nature Preserve (HBNP), surveys
have included similar questions to previous surveys
and comparable overall themes. Replicating and com-
paring social carrying capacity studies is particularly
difficult because execution procedures can vary, and
results can be skewed by question-wording, time of
day surveys were administered or changes in social
norms. However, examining broad themes and goals
of the three prior social carrying capacity survey
studies at Hanauma Bay (Lankford et al., 2005; Reynolds,
1990 Wanger, 2001;) with this study provides a larger
historical context of social dynamics and perceived
human impacts over time. Thus the answer to research
question (d) How have responses changed in contrast to
prior surveys at the HBNP? is addressed specifically in
the discussion sections for each type of data collected.

Visitor demographics

Findings
The largest percentage of participants (45%) were
between the ages of 16–30 years old, followed by 31–
45 (32%), over 45 (20%) and 0–15 (3%). The majority of
participants (54%) were female, 44% were male and
1% identified as transgender or non-binary. Fifty-two
percent of respondents identified as white, 34% as
Asian, 10% as Latino/Hispanic and 2% as Black/African

American, 1% as Native Hawaiian or Pacific Islander
and 1% as Asian and White. The most common first
languages were English (89%), followed by Chinese
(3%), Spanish (2%) and Korean (2%). Other languages
recorded by less than 1% each included French,
Danish, German, Japanese, Portuguese, Hindi, Italian
and Russian. Most visitors came from the continental
United States (80%), followed by the Hawaiian Islands
(13%). Only 0.4% of respondents were from Japan and
7% from other countries. The number of new and return-
ing visitors was approximately equal with 52% having
never visited HBNP and the remaining 48% visiting
one or more times.

Discussion

(a) Have visitor demographics shifted over the past two
decades since the last survey?

Not all the demographic information collected is
reported in order to focus on comparing parameters
that have been collected across the last several decades.

The percentage of resident respondents visiting the
HBNP for this study in 2021 (13%) was equivalent to per-
centages seen in 1990 (Reynolds, 1990) and 2002 (Lank-
ford et al., 2005) but 3% less than in 2001 (Wanger,
2001). This is somewhat unexpected given the context
of the COVID-19 pandemic and decreased travel glob-
ally, one might expect more locals visiting the park.
Additionally, fees increased significantly for tourists,
with no charge for residents. It is possible this was also
affected by the implementation of the online reservation
system, with residents less likely than tourists to plan

Figure 2. ImageJ analysis of coral colony size from (a) 1st survey, 4 December 2020 to (b) final survey 26 September 2021, showing
areas of partial mortality over time. Combination lock used in size reference and colony identification (Murphy, 2021).
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activities in advance and thus not able to reserve a spot.
Residents were permitted to visit the park without a
reservation during the early morning hours prior to the
park opening, thus they may not have stayed long
enough to be adequately captured by the survey or
box office counts (State of Hawai’i Division of Aquatic
Resources, 2022). Historically, Japanese tourists have
made up a significant percentage of visitors (23% in
2002; Lankford et al., 2005). However, during the 2021
survey, tourism from Japan plummeted due to pan-
demic restrictions including a mandatory two-week
quarantine period for all returning travellers to Japan.
The number of first-time visitors (52%) was slightly
lower than noted in 2002 (55%) (Lankford et al., 2005).
Overall, the changes in demographics include a slightly
lower percentage of residents and first-time visitors
and a shift in the nationalities of visitors.

Crowding perceptions

Findings
Overall, questions related to crowding (11–14) indicated
visitors did not perceive that there were too many
people on the beach or snorkelling, and the overall
number of people at the preserve did not impact their
visitor experience. However, when asked if Hanauma
Bay could accommodate more visitors without impact-
ing visitor experience, the majority disagreed with this
idea (Figure 3). It is important to note that Figure 3
depicts these results as the opposite of the posed ques-
tion with responses inverted (agree to disagree) to align
similar perceptions (Hanauma Bay could not have
accommodated more people versus ‘Hanauma Bay
could have accommodated more people’), highlighting
the somewhat contradictory nature of these results. In
open-response questions, some people complained
about crowding but many felt the online reservation
system prevented crowding.

Discussion

(b) Are perceptions of crowding and marine life appreci-
ation correlated with visitor satisfaction?

Visitor perception of crowding is an important metric to
assess as it can have a large impact on overall experience
and satisfaction. It is important to note that one’s per-
ception of crowding is often connected to previous
experiences and social constraints. A person may not
consider a situation tolerable from a safety and health
perspective depending on environments typically
exposed to and on local cultural norms. However,
crowding in a principal environment is regarded as
less tolerable than crowding in a secondary environment
(Brougham, 1982). Different factors that define what
influences perceived crowding in relation to social carry-
ing capacity were compiled by Zhang and Chung (2015).
Factors such as expectations versus lived experience
(Vaske & Donnelly, 2002) and personal tolerance to
crowds (De Ruyck et al., 1997) are all influential when
defining perceived crowding. Perception of crowding
was determined to be lower when event satisfaction
was higher (Montano & Adamopoulos, 1984). Thus, pre-
vious experience, social constraints, and cultural stan-
dards are linked to responses regarding crowding.
Although the majority of visitors reported crowding
did not decrease their quality of enjoyment, they
believed the HBNP could not accommodate more visi-
tors. This response may have been due to a preference
for fewer people or changing societal experiences
during the COVID-19 pandemic. Many individuals
became accustomed to social distancing and interacting
with fewer people reducing their crowding threshold.
According to survey responses, the current limit of
1500 visitors per day is an adequate perceived social car-
rying capacity. This is comparable to an early report
advocating 1363 visitors per day as appropriate

Figure 3. Percent visitor perceptions of crowding from four questions ranked on a scale of strongly agree to strongly disagree.
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(Hanauma Bay Beach Park Development Plan, 1977).
However, this is less than half of the 3210 people
suggested in 2000 or the 3200 +/− 200 people calcu-
lated as the daily carrying capacity in 2005 (Brock &
Kam, 2000; Lankford et al., 2005). Ultimately, to deter-
mine a social carrying capacity both human experience
and ecosystem resilience must be assessed and taken
into consideration. This may represent a range of
values rather than a specific number and may be more
adequately measured on an annual scale rather than a
daily measure to account for fluctuations in environ-
mental factors.

Participants in a 2002 survey consistently anticipated
greater crowding than they perceived, highlighting the
importance of expectations and the link between expec-
tations and visitor satisfaction (Lankford et al., 2005).
Visitors in 2021 were acquainted with the limited reser-
vation slots, aligning their experience with expectations.
This contrasts with previous years when visitors entering
the preserve had fewer concrete expectations of the
number of other visitors. Most survey participants did
not perceive the beach or water as crowded. This may
be due to the larger area that can accommodate more
people. Alternatively, they may have experienced
higher previous crowding levels at the HBNP. This sup-
ports the 2005 survey results showing that perceived
crowding was in line with actual user counts (Lankford
et al., 2005).

While the question-wording in Lankford et al. (2005)
was slightly different and responses were binary (yes/
no/not sure) rather than Likert scale, they were quite
similar to the questions in our study pertaining to
crowding (Appendix). Lankford et al. (2005) reported
responses at different use levels were dependent on
the day surveys were completed. At a typical level of
1500 people, the majority of respondents in our
surveys agreed that the number of people did not nega-
tively impact their experience. Both the 2021 and the
2005 survey respondents were satisfied with the
number of people but did not believe more could be
accommodated. Visitors may have linked their experien-
tial enjoyment with the number of visitors present, thus
not desiring an increased number. Overall, while percep-
tions of crowding can impact visitor satisfaction, the
level of crowding present did not impact visitor
satisfaction.

Recreational activities

Findings
While visitors may come to HBNP for several purposes,
snorkelling was most commonly reported as the
primary reason (88%) followed by enjoying the beach

(7%) and swimming (3%). In terms of marine life, the
majority of participants (79%) was most excited to see
different types of fishes. Most visitors (83%) were
satisfied with the marine life they experienced. In a ques-
tion rating the quality of the bay’s natural resources (21),
43% felt they were ideal, 44% thought they were average,
11% viewed them as less than average, and 2% reported
the resource quality was not ideal or deteriorating.

Discussion

(b) Are perceptions of crowding and marine life appreci-
ation correlated with visitor satisfaction?

Snorkelling as the greatest activity interest (88%) was
consistent with the 2001 survey (79%). This contrasts
with the survey conducted in 1990 where sunbathing
was the most popular response (it is important to note
that participants could select multiple options while
other surveys selected only one) (Reynolds, 1990;
Wanger, 2001). This may have been due to poorer
water quality prior to lower capacity limits and once-
weekly closures, guiding visitors to enjoy the beach
rather than the water. Although snorkelling was listed
as the primary activity, our beach counts indicated
greater numbers of people on the beach than snorkel-
ling. Visitors often spend more time on the beach than
in the water, thus, while a visitor may have been
counted in one hourly photo in the water over the
course of the day, they may have been counted on the
beach several times. The percentage of users that
reported never having snorkelled (14%) was approxi-
mately 10% lower than recorded in 2002. However, it
is clear across the 32-year span of the four social carrying
capacity surveys conducted, HBNP has, and continues to,
consistently draw novice snorkellers (Lankford et al.,
2005; Reynolds, 1990; Wanger, 2001). As a whole,
visitor perceptions were mixed regarding the quality of
the marine life they observed but most were still
satisfied with their experience.

Beach counts

A total of 28 photos in the summer and 34 photos in the
winter were annotated for visitor activity. It is important
to note that these photos were taken hourly, thus some
visitors were likely double-counted as they moved
throughout the day. However, these data provide a
general overview of the most common activities under-
taken while at the preserve and the relative percentages
of each activity. Cumulatively, 55% of visitors were
observed on the beach, 27% swimming or snorkelling,
and 18% standing in the water.
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Educational materials

Findings
When asked about educational materials, visitors found
the educational video to be more effective and helpful
than the informational kiosk. On a scale of 1–5, with 0
being not effective and 5 being extremely effective,
84% of visitors reported the educational video as
effective (rating 4 or 5). In comparison, only 51% of par-
ticipants felt the informational kiosk was effective. It is
important to note that all visitors are required to watch
the educational video before entering the park, and
they may or may not have visited or read the infor-
mation at the kiosk. Despite these results suggesting
visitors were aware and knowledgeable about the fragi-
lity of the reef, the vast majority reported they observed
others touching, standing on or bumping the reef
(Figure 4). In the final open-ended question (30)
asking for visitors’ general thoughts, a common
comment was the need for more awareness and infor-
mation about the harm of stepping on the reef. It is
possible that some of this is related to lack of snorkel-
ling experience, as 63% of participants had limited
snorkelling experience (20 times or less) and 14% had
never snorkelled.

Discussion

(c) What is the perceived effectiveness of various edu-
cational opportunities?

Previous studies utilizing similar questionnaires at other
marine life conservation districts have shown the most
popular management strategy was increasing visitor
education opportunities, rather than imposing capacity
limits (Needham et al., 2008). In concert with these
findings, the Hanauma Bay Education Program (HBEP)
was founded in 1992 by the University of Hawai’i Sea
Grant Extension Service and Friends of Hanauma Bay
(University of Hawai’i Sea Grant Extension Service,
1999-2000; Wanger, 2001) and has been funded largely
by entrance fees since 1997 (Wanger, 2001). The main
aim of educational initiatives continues to focus on pro-
moting reef-friendly activity, informing visitors about
impacts to minimize trampling and pollution (Wanger,
2001). To improve efficacy, staff at the HBEP engage vol-
unteers to augment reef conservation education
(Maurin, 2008; Wanger, 2001).

In 1990, prior to the development of the HBEP, visitors
expressed the desire to learn more about the bay, with a
brochure being the most advocated educational media
followed by a video (Reynolds, 1990). While a display
was available, 58% of participants did not notice it (Rey-
nolds, 1990). Since 2002, a mandatory educational video
has been required for entry to the HBNP. Our survey
suggests this is viewed as a useful educational method
(84% responded it was effective), however many visitors
were still observed contacting the reef. In both multiple-
choice and open-ended questions, participants
expressed concern over observations of reef contact
and the need for more public education. This has a

Figure 4. Percentage breakdown of observations of individuals in contact with the reef.
Note: The pie charts show the number of times survey participants observed other visitors making contact with the reef (Question 22, Appendix A). The organ-
ization of the chart is meant to emphasize prevalence of interaction with the reef. The chart on the left shows only 26% of survey participants did not observe
anyone coming in contact with (touching, bumping, hitting) the reef and 74% did observe contact. The smaller chart to the right breaks down this 74% further
into the number of times survey participants saw others contact the reef. For example, of those that observed others touching the reef, 44% saw this 1-4 times,
17% saw this 5-9 times, 7% saw this 14-15 times, 6% saw this 15+ times.
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direct link to carrying capacity since educating visitors
decreases environmental impact, allowing accommo-
dation of a larger number of users (Mak & Moncur,
1998). In addition to protecting reef biodiversity, there
is significant economic incentive to maintaining the
reef as a means of attracting tourism (Maurin, 2008).
Overall, visitors communicated the educational
materials were somewhat effective but there is room
for improvement.

Open-ended questions on overall visitor
perceptions

In the open-ended question (25) concerning visitor
expectations, 21% of respondents felt it exceeded their
expectations, noting the variety and abundance of
marine life and feelings of safety. Others commented
on friendly staff and enjoying the experience of snorkel-
ling. Those that believed the bay was not what they
expected (11%), noted issues with the online reservation
system, high admission cost, and large numbers of
people. Other complaints included not seeing as many
fishes as they expected or had seen previously, large
waves, choppy conditions, and limited visibility.
Twenty-four participants (4%) expressed concern over
coral health and human impacts on the preserve.
When asked if they would revisit the park (26) the vast
majority (92%) responded affirmatively, many citing
the beautiful scenery, clean beaches and colourful
fishes. Respondents that would not return often

replied that the sea life and coral were lacking, or it
was an overall poor snorkelling experience. A limited
number of respondents noted difficulty accessing the
park without a direct public transportation system. The
question regarding admission fees was also open-
ended, leaving a variety of responses and suggestions.
Five participants commented that the admission
should automatically include the parking fee. Approxi-
mately 4% of visitors thought it was a high price but sup-
ported the rate believing it reduced crowding and aided
in conservation. They also recognized there are costs to
maintain the facilities. Three of the participants noted
the need to disclose the park expenditures. Seven
respondents felt the fee should be higher or would be
willing to pay more. One visitor noted the lack of acces-
sibility for some groups, suggesting visitors that qualify
for federal aid programmes (section 8 housing, SNAP
benefits, EBT card) should receive discounts with vali-
dation on the online reservation system.

Reef disturbances

Findings
In situ, observations of 327 snorkellers documented 168
reef disturbances, an approximate average of one dis-
turbance for every two individuals. Reef contact was
recorded in 53.4% of the snorkellers’ observation while
contact was reported by 74% of survey respondents
(Figure 4). Snorkell surveys recorded visitor impacts of
kicking, grasping, and sitting on coral. Grabbing and

Figure 5. Total frequency of reef disturbances over a nine-month data collection period categorized by reef disturbance and plot
location.
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standing were the most common disturbances (Figure
5). However, only 3% of these contacts were with coral
because coral cover is low in the high-use areas (<1%).

Photographic analysis of selected corals during the
10-month closure period in 2020 (Figure 2(a)) was com-
pared to images following reopening of the preserve
(Figure 2(b)). Six of 10 colonies revealed loss in tissue
surface area, while minimal change was seen in three
colonies, and positive tissue surface growth was found
in one colony. Overall, this revealed tissue loss and
partial mortality occurred in the majority of colonies fol-
lowing reopening.

Discussion
The vast majority of participants in the 1990 survey were
most excited to see fishes, followed by coral, and these
preferences continue more than 30 years later (Reynolds,
1990). As one might expect, the presence of marine life
has been shown to substantially increase visitor satisfac-
tion and this is one of many reasons to continue priori-
tizing conservation efforts and monitoring visitor use
effects (Lankford et al., 2005). Of the few participants
(5%) that indicated they would not return to the HBNP,
many expressed dissatisfaction with marine life and
coral, or indicated the quality of snorkelling was not as
high as at other locations on the O’ahu. In open-
response questions, many participants expressed
concern about the health of the reef and lack of coral.
This response is logical as greater human use of a
location is often inversely related to the number of live
corals present (Rodgers & Cox, 2003). However, it is
important to note that many of the once-present
corals, were severely affected by the excessive visitation
that occurred in the early 1990s, with estimates as high
as 90% mortality from touching, bumping, and tram-
pling by visitors (Gardner, 1999). While the frequency
of these contacts has decreased, ecosystem equilibrium
may not be achievable at the current visitor levels. The
current visitor entry has been significantly reduced to
400,000/visitors/year. An earlier study was conducted
in 2000 quantifying the relationship between human
use and breakage of transplanted colonies at Kahalu’u
and Kāne’ohe Bays on Hawai’i Island and O’ahu.
Rodgers and Cox (2003) found a clear gradient of coral
breakage and mortality across sites ranging from
350,000 to 5000 visitors/year. Results show a 30% mor-
tality at the low-use site (5000 visitors/year), 55% at
the intermediate site (50,000/visitors/year) and total
loss at the high-use site (350,000 visitors/year).

Recommendations of the installation of a tidal gauge,
limitations on snorkelling when tides are extremely low,
and encouraging novice snorkellers to remain within
sand patches may minimize trampling. Wanger (2001)

used binoculars and a counting device to record the
number of people standing, walking, sitting or grabbing
the reef as well as the total number of people in the
water to gain data on the average percentage of visitors
trampling the reef (Wanger, 2001). She found when edu-
cational information was available, trampling rates
decreased by roughly 50% (Wanger, 2001).

Limitations and future directions

This studywas a unique opportunity to assess the present
state of HanaumaBay, during the period of reopening fol-
lowing complete closure from March through December
2020 during the height of the COVID-19 pandemic.
However, it is important to consider that results may
not be in line with public perspectives prior to the pan-
demic (2003–2020) or for future surveys as changing con-
ditions continue. Recent large-scale changes, particularly
the higher entrance fees and implementation of the
reservation system with capacity limits much lower
than prior to 2020, have likely had an impact on visitor
experience. Without a survey study between 2002 and
2020, it is difficult to gauge if differences in visitor
response were a result of changes made within that
period (initial fee increases, implementing entrance
video, closed two days per week). Additionally, there
are no published studies addressing the displacement
of visitors in light of lower daily visitation restrictions or
decreased experience quality due to environmental
degradation. As the entrance limit has been drastically
decreased compared to prior to 2020, if they cannot get
reservations, visitors will likely seek out other areas for
ocean recreation. Additionally, if reefs are damaged
further they may choose to visit alternative locations.
State funding has just been awarded to Pūpūkea MLCD
in northern Oahu to investigate carrying capacity in
that area, whichmay capture any displacement of visitors
from HBNP to Pūpūkea. Scientific study of the ecological
impacts of this shift will provide valuable insights for
effective management of both preserves. Visitor demo-
graphics that differed from prior periods, particularly
the notable absence of a significant number of Japanese
tourists, may have also influenced overall results. While
the survey was available in Japanese, all survey partici-
pants answered the English version of the questionnaire.
There was also bias in the survey design as it was selected
against families with small children and was limited to
those willing to stop and complete the questionnaire.

Social carrying capacity studies are important particu-
larly when Hawai’i residents express concern over the
impacts of ocean recreation (Lankford et al., 2005). To
accurately assess social carrying capacity, ongoing peri-
odic monitoring is needed (Lankford et al., 2005).
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Repeating this study following any shifts in visitor demo-
graphics or changes in reservation policies or fees using
the same questionnaire would provide a more robust
sample size and serve as a basis for comparison.

Management and educational recommendations

Continuation of social carrying capacity studies is valu-
able to ensure ecosystem sustainability and resource
enjoyment in perpetuity. Management policies for
social carrying capacity should align with those rec-
ommended 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. Although it is difficult to correlate
social with biological carrying capacity studies, consider-
ation of visitor satisfaction can be incorporated into rec-
ommendations for ecosystem health to provide an
amenable balance. This includes ongoing monitoring
of both biological and anthropogenic impacts, providing
novel activities such as nature hikes and children’s pro-
grammes to disperse user impacts, or delineating desig-
nated water entry points to decrease widespread
trampling (Severino et al., 2020). Prior biological carrying
capacity studies have made several education-based
recommendations focused on responsible reef recrea-
tion, climate change, and conservation action (Severino
et al., 2020). This could include subtitles in additional
languages for the entrance video, placing educational
signs along the ticketing line or in waiting areas,
increased website resources and signage describing
ongoing scientific research at the preserve (Severino
et al., 2020). The large percentage of first-time snorkel-
lers and high impact from human contact with the
reef, found in this study, provide the impetus to institute
prevention strategies including floatation devices, snor-
kelling lessons, or exclusive zones for novices. Changes
in biological resources, determined through annual
monitoring, can drive adaptive management strategies
as trends and patterns shift. Management strategies
incorporating biological, physical, and social carrying
capacities provide a holistic approach to advance con-
servation and visitor satisfaction goals.

Conclusions

The research questions developed to guide this study
were compared to the prior three social carrying
capacity surveys conducted at HBNP (Lankford et al.,
2005; Reynolds, 1990; Wanger, 2001), at other marine
managed areas throughout State of Hawai’i (Needham
et al., 2008) and elsewhere (De Ruyck et al., 1997;
Gonson et al., 2018; Rees et al., 2015).

(a) Have visitor demographics shifted over the past two
decades since the last survey?We found visitor demo-
graphics have shifted in two areas, the number of
first-time visitors and visitor origin. While previous
surveys reported Japanese visitors comprised over
a quarter of all visitors (Lankford et al., 2005), the
current survey showed <1% originating from
Japan due to strict quarantine restrictions in Japan
upon return. The number of first-time visitors to
the HBNP was similar to the last survey conducted
in 2005.

(b) Are perceptions of crowding and marine life appreci-
ation correlated with visitor satisfaction? Previous
research has shown perceptions of crowding to be
correlated with actual user numbers (Lankford
et al., 2005) and satisfaction levels correlated with
perceived crowding (Montano & Adamopoulos,
1984). Our study confirms these results with satisfac-
tion levels and perceptions of crowding to be inver-
sely related. Low actual visitor counts remained
constant (∼1500/day) due to new instituted limits,
as did satisfaction levels.

(c) What is the perceived effectiveness of various edu-
cational opportunities? 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.
Increasing visitor educational opportunities in con-
trast to reducing capacity limits was determined to
be effective in addressing management concerns
(Needham et al., 2008).

(d) How have responses changed in contrast to prior
surveys? Activity interest was similar to the 2001
survey (Wanger, 2001) with snorkelling as the most
popular response. This has shifted since 1990 (Rey-
nolds, 1990) when sunbathing was the most
popular activity. Across all surveys, respondents
with no snorkelling experience ranged from 4% to
14%.

The popularity of the Hanauma Bay Nature Preserve
prompted studies of biological resource health and
visitor perceptions. Integrating these components
provide a more comprehensive approach to determi-
nation of carrying capacity. Comparison of the current
social carrying capacity study with historical surveys pro-
vides a temporal indication of change in visitor demo-
graphics and perception. Results from three prior
visitor surveys conducted 20–30 years ago are similar
with respect to satisfaction, educational access, and
activities. Perceived visitor reef contact supported quan-
tified impact surveys showing high human contact.
Similar questionnaires in this and other marine
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protected areas have shown the most effective manage-
ment strategy is increasing visitor education opportu-
nities, as opposed to imposing capacity limits.
Recommendations to management should incorporate
biological, physical, and social aspects when developing
sustainability approaches to provide a more comprehen-
sive pathway to success.
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Appendix: Hanauma Bay Survey Questions

1. What is your age?
0–15
16–30
31–45
45+
Prefer not to answer
2. What gender do you most identify with? Select all that

apply.
Woman
Man
Transgender
Non-binary/non-conforming
Prefer not to answer
3. Please specify your race.
American Indian or Alaska Native
Asian
Black or African American
Native Hawaiian or Other Pacific Islander
White
4. What is your primary language?
English
Japanese
Other ________
5. What is the highest degree or level of education you

have completed?
Some high school
High school
Bachelor’s degree
Master’s degree
PhD or higher
Trade school
Prefer not to answer
6. Which of the following represents your annual house-

hold income before taxes?
Less than $30,000
$30,000 to $60,000
$60,000 to $90,000
$90,000 or higher
7. Are you a resident of Hawai’i?
Yes, I live on O’ahu.
Yes, I live on a neighbouring island.
No, I am from the mainland US.
No, I am from Japan.
No, I am from (fill in the blank) _________
8. Have you visited Hanauma Bay before today?
Yes
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No
9. What was your primary purpose for visiting Hanauma

Bay today?
Snorkel
Beach/Sunbathe
Swim
Other________
10. How many times have you snorkeled in your lifetime?
0 times
5–20 times
20–50 times
50 + times
For the following statements, please tell me your level

of agreement.
11. Hanauma Bay could have accommodated more visi-

tors today without affecting my experience.
Strongly agree
Agree
Neutral
Disagree
Strongly disagree
12. The number of guests at Hanauma Bay negatively

impacted my experience today.
Strongly agree
Agree
Neutral
Disagree
Strongly disagree
13. There were too many snorkelers in the water during

my visit.
Strongly agree
Agree
Neutral
Disagree
Strongly disagree
14. There were too many visitors on the beach during my

visit.
Strongly agree
Agree
Neutral
Disagree
Strongly disagree
15. How would you describe the number of facilities pro-

vided at Hanauma Bay? Check one box for each facility.
Bathrooms (Adequate□ Not adequate□ Did not use□)
Showers (Adequate□ Not adequate□ Did not use□)
Trash cans (Adequate□ Not adequate□ Did not use□)
Water fill stations (Adequate□Not adequate□Did not use□)
Snorkeling gear rental (Adequate□ Not adequate□ Did not

use□)
Gift Shop (Adequate□ Not adequate□ Did not use□)
Food/Concessions (Adequate□ Not adequate□ Did not

use□)
16. Did you use the upper level facilities located near the

entrance of the park? Please select all that apply.
Picnic tables
Bathrooms
Overlook
Lawn
None
For the following statements, please tell me your level

of satisfaction.

17. Overall, how satisfied were you with the number of
safety personnel (lifeguards)?

Very satisfied
Satisfied
Neutral
Dissatisfied
Very Dissatisfied
18. How satisfied were you with vehicle parking at

Hanauma Bay?
Very satisfied
Satisfied
Neutral
Dissatisfied
Very Dissatisfied
19. How satisfied were you with the marine life you

experienced today?
Very satisfied
Satisfied
Neutral
Dissatisfied
Very Dissatisfied
20. Of all the marine life at Hanauma Bay, which were

you most excited to see?
(Rank 1-4, 1 being most excited and 4 being least excited)
()Different types of fish
()Coral/reef
()Sea turtles
()Monk seals
21. On a scale of 1-4, how would you rate the quality of

the bay’s natural resources?
1 – ideal conditions
2 – average, could improve
3 – less than average
4 – not ideal, deteriorating
22. How many times did you observe others touch, stand

on, or bump the reef?
0 times
1–4 times
5–9 times
10–14 times
15 + times
For the following statements, please indicate the level

of effectiveness.
23. How effective were the educational exhibits in chan-

ging your behavior while at Hanauma Bay Nature Preserve?
Extremely effective
Effective
Neutral
Not effective
Didn’t understand them
Didn’t see them
24. How effective were the educational tools provided in

helping you learn about the marine life?
Extremely effective
Effective
Neutral
Not effective
Didn’t understand them
Didn’t see them
25. How effective were the displays at providing useful

information?
Extremely effective
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Effective
Neutral
Not effective
Didn’t understand them
Didn’t see them
26. How effective was the educational video at providing

useful information?
Extremely effective
Effective
Neutral
Not effective
Didn’t understand it

27. How effective was the SeaGrant Kiosk (down at beach
level) at providing useful information?

Extremely effective
Effective
Neutral
Not effective
Didn’t understand it
Didn’t see it
28. Would you revisit Hanauma Bay based on your

experience today? Why or why not?
29. Did Hanauma Bay not meet, meet or exceed your expec-

tations today? Why or why not?
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