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Office of National Marine Sanctuaries 

The Office of National Marine Sanctuaries (ONMS), part of the National Oceanic and 

Atmospheric Administration (NOAA), serves as the trustee for a system of underwater parks 

encompassing more than 620,000 square miles of ocean and Great Lakes waters. The 15 

national marine sanctuaries and two marine national monuments within the National Marine 

Sanctuary System represent areas of Americaôs ocean and Great Lakes environment that are of 

special national significance. Within their waters, giant humpback whales breed and calve their 

young, coral colonies flourish, and shipwrecks tell stories of our maritime history. Habitats 

include beautiful coral reefs, lush kelp forests, whale migration corridors, spectacular deep-sea 

canyons, and underwater archaeological sites. These special places also provide homes to 

thousands of unique or endangered species and are important to Americaôs cultural heritage. 

Sanctuaries range in size from less than one square mile to more than 582,000 square miles and 

serve as natural classrooms, cherished recreational spots, and are home to valuable commercial 

industries.  

 

National Marine Sanctuary of American Samoa 

National Marine Sanctuary of American Samoa (NMSAS) comprises six protected areas covering 

13,581 square miles of nearshore coral reef and offshore open ocean waters across the 

archipelago. Of these, three areas located on and near Tutuila are relatively accessible: Fagatele 

Bay and Fagalua/Fogamaôa are along the southwest coast of the island, and Aunuôu Island 

(Aunuôu) is just southeast of Pago Pago Harbor. The other areas, Taôu Island (Taôu), Swains 

Island, and Muliƃva, are remote and accessible only by boat. The sanctuary includes deep-water 

reefs, hydrothermal vents, some of the worldôs oldest and largest Porites coral heads, and rare 

archaeological resources, and also encompasses important fishing grounds. It is also the only 

true tropical reef within t he National Marine Sanctuary System. 
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Framework for Condition Reports 

 

Sanctuary condition reports are used by NOAA to assess the condition and trends of national 

marine sanctuary resources and ecosystem services. Condition reports provide a standardized 

summary of resources in NOAAôs national marine sanctuaries, drivers and pressures on those 

resources, and current conditions and trends for resources and ecosystem services. These 

reports also describe existing management responses to pressures that threaten the integrity of 

the marine environment. Condition reports include information on the status and trends of 

water quality, habita t, living resources, and maritime heritage resources, and the human 

activities that affect them. They present responses to a set of questions posed to all national 

marine sanctuaries (Appendix A). The reports also rate the status and trends of ecosystem 

services (Appendix B). Resource and ecosystem service statuses are assigned ratings ranging 

from good to poor, and the timelines used for comparison vary from topic to topic. Trends in the 

status of resources and ecosystem services are also reported, and are generally based on 

observed changes in status since the prior condition report, unless otherwise specified. 

Sanctuary condition reports are structured around two frameworks: 1) a series of questions 

posed to all national marine sanctuaries; and 2) a management-logic model called the Drivers-

Pressure-State-Ecosystem Services-Response (DPSER) framework (detailed below). The 

questions are derived from a conceptual, generic model of a marine ecosystem. The DPSER 

framework defines the structure of the condition  reports themselves. 

Although the National Marine Sanctuary System's 15 national marine sanctuaries and two 

marine national monuments are diverse in many ways, including size, location, and resources, 

condition reports allow ONMS to consistently analyze th e status and trends of abiotic and biotic 

factors in each siteôs ecosystem to inform place-based management. To that end, each unit in the 

sanctuary system is asked to answer the same set of questions, located in Appendix A, during the 

preparation of each condition report. Additional details about how the condition report process 

has evolved over time are below. 
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DPSER Framework 

In 2019, ONMS began restructuring sanctuary condition reports based on a model that 

describes the interactions between driving societal forces (Drivers), resulting threats 

(Pressures), their influence on resource conditions (State), the impact to derived societal 

benefits (Ecosystem services), and management responses (Response) to control or improve 

them. The DPSER framework recognizes that human activities, the primary target of 

management actions, are linked to demographic, economic, social, and/or institutional values 

and conditions (collectively called drivers). Changes in these drivers affect the nature and level 

of pressures placed on both natural and heritage resources, which determines their condition 

(e.g., the quality of natural resources or aesthetic value). This, in turn, affects the availability of 

benefits that humans receive from the resources (ecosystem services1), which prompts targeted 

management responses intended to prevent, reduce, or mitigate undesirable changes (see Figure 

FCR.1). 

 

Figure FCR.1. This diagram of the DPSER framework illustrates the functional connections between 
compartments and the targets of management responses designed to modify drivers, pressures, and 
resource conditions. Image: NOAA 

 
1 For the purposes of this report, ecosystem services are defined as benefits that humans desire from the 
environment (e.g., recreation, food). They are what link humans to ecosystems, can be goods (e.g., food) 
or services (e.g., coastal protection), are valued to varying degrees by various types of users, and can be 
regulated directly by the environment or managed by controlling human activities or ecosystem 
components (e.g., restoring habitats). Whether or not specific services are rendered can be evaluated 
directly or indirectly based on attributes of the natural ecosystem that people care about. For example, 
recreational scuba divers care about water clarity and visibility in coral reef ecosystems. These are 
attributes that can be measured and factored into status and trend ratings to assess ecosystem services. 
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About This Report 

 

The purpose of a condition report is to use the best available science and most recent data to 

assess the status and trends of various parts of the sanctuaryôs ecosystem. An initial condition 

report for Fagatele Bay National Marine Sanctuary was released in 2007 (National Marine 

Sanctuary Program, 2007); ratings from that report are provided in Appendix C. This condition 

report marks an updated and comprehensive description of the status and trends of resources 

and ecosystem services in the expanded sanctuaryðNational Marine Sanctuary of American 

Samoa. The findings in this condit ion report document status and trends in water quality, 

habitat, living resources, maritime heritage resources, and ecosystem services from 2007ï2020, 

unless otherwise noted. The report helps identify gaps in current monitoring efforts, as well as 

causal factors that may require monitoring, and potential remediation through management 

actions in coming years. The data discussed will not only enable sanctuary resource managers 

and stakeholders to acknowledge and have a shared perspective on prior changes in resource 

status, but will also inform management efforts to address challenges stemming from pressures, 

such as increasing coastal populations and climate change. 

The findings in this condition report will provide critical support for identifying high -prio rity 

sanctuary management actions, and will specifically help to shape updates to the NMSAS 

management plan. The management plan helps guide future work and resource allocation 

decisions at NMSAS by describing strategies and activities designed to address priority issues 

and advance core sanctuary programs. The next update to the sanctuary management plan will 

begin in 2023. The process will involve significant public input, agency consultation, and 

environmental compliance work, and may take one to three years to complete, depending on the 

complexity of actions proposed. 

The State of Resources section of this document reports the status and trends of water quality, 

habitat, living resources, and maritime heritage resources from 2007ï2020, unless otherwise 

noted. The State of Ecosystem Services section includes an assessment of human benefits 

derived from non -consumptive recreation, consumptive recreation, science, education, heritage 

and sense of place, commercial harvest, subsistence harvest, and coastal protection within the 

sanctuary.  

In order to rate the status and trends of resources, human activities, and ecosystem services, 

sanctuary staff consulted with a group of non-ONMS experts familiar with resources, activities, 

and ecosystem services in the sanctuary. These experts also had knowledge of previous and 

current scientific efforts in the sanctuary (Appendix D). Evaluations of status and trends were 

based on the interpretation of quantitative and, when necessary, qualitative assessments, as well 

as observations of scientists, managers, and users. 

Two other important changes to the condition report process since 2007 should be noted. First, 

in response to feedback provided to ONMS, the process used to generate the current condition 

report was more quantitatively robust and repeatable. This was achieved by using the NOAA 

Integrated Ecosystem Assessment (IEA) framework (National Oceanic and Atmospheric 

Administration [NOAA], 2020), which takes a literature -based approach to developing 

indicators for key components of the ecosystem. Status and trend assessments can then be made 
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for selected indicators over time. This approach ensures that, whenever possible, the expert 

community has quantitative data representative of core ecosystem components available to 

them as they contribute to assessment ratings. These indicators continue to be tracked over 

time, and updated time series data can be used in subsequent assessments. 

The second improvement pertains to communication of confidence, which was not done in a 

consistent way in earlier reports. Determination of confidence is now based on an evaluation of 

the quality and quantity of data used to determine the rating (e.g., peer-reviewed literature vs. 

expert opinion) and the level of agreement among experts (Appendix D). The new approach 

allows for a consistent and standardized characterization of confidence. The symbols used for 

status and trend ratings have been modified to depict levels of confidence as judged by the 

expert panel.  

This condition report meets the aforementioned standardized format and framework prescribed 

for all ONMS condition reports. To the extent possible, authors have attempted to make each 

sectionôs narrative consistent and comparable in terms of content, detail, and length; however, it 

is important to understand that each section contains different types and amounts of 

information given the realities and confines of data sets and expert opinions that were available 

during this process. In addition, this report is the result of a multi -year, collaborative effort 

across multiple authors, contributors, and reviewers and thus contains stylistic writing 

differences across some sections. These differences do not detract from the validity or quality of 

this report, but reflect the diversity of voices  and cultures involved in generating the report. 

Finally, ratings reflect the collective interpretation of sanctuary staff and outside experts based 

on their knowledge and perception of local conditions. When the group could not agree on a 

rating, sanctuary staff determined the final rating with an acknowledgement of the differences in 

opinion noted in the report. The interpretation, ratings, and text in this condition report are 

final and the responsibility of ONMS. To emphasize this important point, autho rship of the 

report is attributed to ONMS; subject matter experts are not authors, though their efforts and 

affiliations are acknowledged in the report. This report has been peer reviewed and complies 

with the White House Office of Management and Budget's peer review standards, as outlined in 

the Final Information Quality Bulletin for Peer Review (White House Office of Management and 

Budget, 2004). 

 

Significant Challenges in the Samoan Archipelago 

When reading this report, it is important to consider that the people of the Samoan archipelago 

were presented with significant challenges from 2019ï2021, including a measles outbreak in the 

fall of 2019, followed by the COVID-19 pandemic, which began in early 2020. These health 

crises had significant impacts on American Samoa, including disruptions to many services and 

programs provided by NMSAS. However, the COVID-19 pandemic and its impacts to both the 

state of the resources and ecosystem services are not included in this assessment, as it was a 

newly evolving situation at the time of the expert workshops.  
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Executive Summary 

 

National Marine Sanctuary of American Samoa (NMSAS) is a place of extraordinary beauty and 

is the most remote of the United Statesô national marine sanctuaries. It is located off the shores 

of American Samoa, the southernmost territory in the U.S. and one of only two U.S. territories 

that are south of the equator. NMSAS is composed of six separate protected areas that cover 

13,581 square miles of ocean waters, making it the largest national marine sanctuary in the U.S. 

It is home to a great diversity of mar ine life, including corals and other invertebrates, fish, 

turtles, marine plants, and marine mammals. It is the only true tropical reef within the National 

Marine Sanctuary System and is home to some of the oldest and largest Porites coral colonies in 

the world. Its vast open ocean areas encompass two atolls, deep-water corals, seamounts, 

hydrothermal vents, and an undersea volcano. 

 

NMSAS is comprised of six protected areas (Fagatele Bay, Fagalua/Fogamaôa, Aunuôu, Taôu, Swains 
Island, and MuliǕva), covering 13,581 mi2 of marine habitats, including nearshore coral reef, deep-sea, 
and pelagic areas across the Samoan archipelago. Image: NOAA 

 

The small islands that compose American Samoa are not just unique because of their stunning 

natural environment,  but also because cultural traditions and values thrive in these islands 

where one people, one language, and one common set of cultural practices, commonly referred 

to as Faôa Samoa, or traditional Samoan way of life, continue to be perpetuated. NMSAS is 

located in the cradle of Polynesiaôs oldest culture, Samoa, which dates back 3,000 years. Despite 

Western influences, Samoan heritage is perpetuated in all facets of life, through family, village, 
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activity, and place, by Samoan people with a strong hold to ongoing cultural traditions. In 

addition to other practices, use of Samoan as the primary language spoken in American Samoa 

is an important attribute that makes NMSAS strikingly unique in comparison to other sites 

across the National Marine Sanctuary System. 

The purpose of this condition report is to use the best available information to assess the status 

and trends of various components of NMSAS, including its natural and maritime heritage 

resources. The report is structured around a management-logic model called the Drivers-

Pressure-State-Ecosystem Services-Response, or DPSER, model. This model enables NMSAS to 

comprehensively document the many factors that affect management responses, including the 

influence of societal drivers on pressures, the effects of those pressures on the condition of 

resources, and the effects of changing conditions on the services they provide to society.  

The first condition report, which assessed resources in Fagatele Bay National Marine Sanctuary, 

was published in 2007. This condition report marks an updated and comprehensive description 

of the expanded sanctuaryðNational Marine Sanctuary of American Samoa. It includes status 

and trends of resources, covering the broad categories of water quality, habitat, living resources, 

and maritime heritage resources. This report also includes the status and trends of ecosystem 

servicesðthe ways humans derive benefits from different ecosystem attributes that they care 

about for their lives and livelihoods. Ecosystem services evaluated in this report include non-

consumptive recreation, consumptive recreation, science, education, heritage, sense of place, 

commercial harvest, subsistence harvest, and coastal protection. The report documents the 

condition of sanctuary resources and ecosystem services from 2008ï2020, unless otherwise 

noted. Throughout the reportôs development, sanctuary staff worked with numerous partners to 

identify and compile information and make assessments on resource and ecosystem service 

status and trends. 

 

In 1986, Fagatele Bay was established as a national marine sanctuary in order to protect and preserve 
the unique coral reef ecosystem within the bay. Photo: Matt McIntosh/NOAA 
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The report also identifies gaps in current monitoring efforts, as well as factors that may requi re 

monitoring and potential remediation through management actions in the coming years. The 

ratings and conclusions in this report generally represent the shared perspective of sanctuary 

managers and subject matter experts on prior changes in resource status, and will inform future 

management, primarily through the management plan review process, to address significant 

challenges stemming from pressures on resources. 

Drivers and Pressures 

The pressures on NMSAS resources associated with human activities are diverse, operate at 

varying scales, and differ significantly in their impact. Changes in ocean conditions resulting 

from accelerated climate change, pollution, marine debris, vessel groundings, visitor use, 

scientific and management activities, and nuisance species outbreaks operate throughout the 

sanctuary and likely cause the greatest impacts. Fishing also occurs in the sanctuary, and while 

it may be viewed as a pressure, it is also an ecosystem service, contributing to the wellbeing, 

livelihoods, and food security of many of the communities in American Samoa. 

The societal drivers behind these pressures are not something NMSAS can manage, as they are 

primarily influenced by global, regional, and local demand for goods and services. Still, it is 

helpful to  understand the connections between drivers and pressures in order to prioritize 

management actions. Drivers include economic factors, such as income and spending; 

demographics, like population levels and development; and societal values, such as levels of 

conservation awareness, political leanings, or changing opinions about the acceptability of 

specific behaviors (e.g., littering). All drivers influence pressures on resources by changing 

human preferences and, consequently, the levels of activities needed to meet the demand for 

resources and services. 

State of Resources 

Water Quality 

The Samoan archipelago lies along the northern edge of the South Pacific Gyre, a series of 

connected ocean currents with a counterclockwise flow that spans the Pacific Basin. Surface 

waters in the region are low in nutrients and high in oxygen (oligotrophic) except for nearshore 

areas around populated islands affected by terrestrial runoff. Deep waters are nutrient rich, as 

American Samoa lies along the Circumpolar Deep Water flow, part of the global ocean conveyor 

belt that circulates oxygen- and nutrient -rich water in deep-sea areas.  

In general, water quality in the sanctuary is good. The limited data available indicate that 

nutrient and contaminant levels are below recommend ed thresholds. However, the close 

proximity of the Futiga landfill to Fagatele Bay and Fagalua/Fogamaôa, continued development, 

and the presence of a shallow sewage outfall in Aunuôu may require further monitoring.  

Of significant concern, however, are the changing conditions associated with climate change. 

Pacific Islands are among the most vulnerable areas in the world to the predicted effects of 

climate change. Changes in ocean conditions resulting from accelerated climate change, like 

increased ocean temperatures and rising sea levels, are already affecting marine ecosystems 
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across NMSAS. Rising temperatures have led to significant coral bleaching events in 2015, 2017, 

and 2020, and a smaller event at Swains Island in 2016. During periods of high temperatures, 

corals eject their algal symbionts and appear white, or bleached. These events may result in 

widespread coral mortality. In addition, the prevalence of many coral diseases increases with 

rising ocean temperatures and thermal stress events. Even on a small scale, bleaching and 

disease can alter community structure, reduce reproductive output, and decrease coral cover. 

Global sea level rise has been locally exacerbated by rapid subsidence, leading to increased 

coastal erosion and shifts in intertidal e cosystems. 

Many marine organisms are also threatened by ocean acidification, which results in a reduction 

of the pH of ocean water due to uptake of increased atmospheric carbon dioxide. Acidified 

waters compromise carbonate accretion and therefore directly affect the ability of calcifying 

organisms, such as corals, to secrete their calcareous skeletal structures. Lowered pH may also 

alter the behavior of larval fish and invertebrates, influence settlement success due to changes in 

suitable settlement substrate, and alter larval development or energy budgets. Fortunately, 

despite decreasing regional pH levels, aragonite saturation and calcification remain high in 

American Samoa; however, regional carbonate dynamics and acidification effects are not well 

understood. Climate change and ocean acidification are likely to have a significant influence on 

the status and trends of sanctuary resources in the future, and it is important that NMSAS work 

with partners to improve climate monitoring and research moving forw ard. 

Habitat Quality 

Due to its vast geographic extent, NMSAS includes a diverse array of habitats. Shallow-water 

habitats (e.g., rocky shore, reef flat, coral reef) and mesophotic coral ecosystems generally only 

occur 0.5 to 2 miles from shore along the small insular shelf and atoll slopes. Pelagic (open-

ocean) waters constitute the primary habitat within the archipelago. The sanctuary also includes 

banks, deep ocean floor habitats, an undersea volcano, hydrothermal vents, and seamounts. 

Despite some fluctuations over the reporting period, habitats in the sanctuary are in good/fair 

condition. Shallow nearshore habitats were exposed to disturbances such as cyclones, coral 

bleaching events, and crown-of-thorns starfish invasions. Fortunately, these habitats, 

particularly coral reefs, have demonstrated resilience to these events. Shallow nearshore 

habitats are also exposed to anthropogenic impacts. For example, a vessel grounding in Aunuôu 

had a severe impact on coral reef habitat, but effects were constrained to a small area. Iron 

enrichment from a 1993 vessel grounding at Rose Atoll persists, but continues to improve. 

Marine debris continues to be a chronic but minor problem across all habitats. Data for habitats 

in the mesophotic and pelagic zones are limited, but there are no indications of any substantial 

impacts. Recent deep-sea expeditions have not identified any recent impacts or immediate 

threats to these habitats, but data are extremely limited and no previous data are available for 

comparison. 
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Vibrant coral reef ecosystems are an important part of the sanctuary. Corals are foundation species that 
provide structure and food for other species. They also provide ecosystem services such as coastal 
protection. Photo: Alexa Elliott/South Florida Public Broadcasting Service 

 

Living Resources 

Living resources within the sanctuary have not been fully documented, but are best 

characterized in shallow coral reef ecosystems. Coral reefs are diverse, complex systems, and 

many species are highly specialized, making it difficult to identify keystone species. In the 

sanctuaryôs mesophotic and deep-sea ecosystems, too little is known about ecological 

interactions and individual speciesô roles in the ecosystem. Therefore, groups of ecologically 

important species were evaluated for their combined contributions to the ecological integrity of 

their respective ecosystems. Keystone and foundation species groupings include zooxanthellate 

scleractinian corals, crustose coralline algae, reef sharks, large parrotfish, surgeonfish and 

unicornfish, mesophotic corals, and deep-sea corals and sponges. 

Stony (scleractinian) corals are important foundation species for shallow coral reef ecosystems, 

providing structure and food for many other reef organisms. Over 150 species of coral have been 

documented in the sanctuary, but species-specific data are limited. Scleractinian corals in the 

sanctuary are robust and include healthy populations of both large, old corals and recruits. 

Although repeated bleaching has affected these communities, particularly at Swains Island, they 

remain resilient. Crustose coralline algae are an important component of the reef in American 

Samoa, cementing the reef substrate together, stabilizing rubble after disturbances, building 

algal ridges along high-energy reef margins, creating habitat for fish and invertebrates, and 

attracting coral larvae to settle on reefs. Crustose coralline algae cover in the sanctuary remains 

high and has even increased at many sites.  
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At over 500 years old, this giant Porites colony is one of the oldest residents of the sanctuary's Taôu unit. 
Photo: Nerelle Que Moffitt/NOAA 

 

Sharks, parrotfish,  surgeonfish, and unicornfish  are all  important  components of coral reef 

ecosystems. Whitetip,  gray reef, blacktip,  and nurse sharks are the most common reef sharks 

encountered in American Samoa; however, surveys have recorded very low shark densities in  

American Samoa compared to some other islands in the South Pacific. Large parrotfish,  through  

their  diverse feeding strategies, play an important  role in  coral reef ecosystem dynamics by 

removing algae, opening up substrate for  coral settlement, and keeping fast-growing coral 

species in check. Surgeonfish and unicornfish  are also important,  filling  a number  of functional  

roles as grazers, browsers, detritivores,  and planktivores.  Low abundances of large fish, 

particularly  sharks, large parrotfish,  and surgeonfish, in  the sanctuary are of great concern. 

Sharks are at 4ï8% of their  potential  biomass, bumphead parrotfish  are now functionally  

extinct,  abundances of other large parrotfish  species remain low, and low biomass estimates 

may indicate unsustainable fishing  pressure. The continued lack of large predators and large 

herbivores in shallow coral reef habitats is a major  concern, as this may compromise ecosystem 

resilience. Approximately  110 species of scleractinian corals are found at mesophotic depths in 

American Samoa, and corals and sponges provide important  habitat  for  echinoderms and other 

organisms in the deep-sea habitats. Although  there are limited  monitoring  data for  mesophotic 

coral ecosystems and deep-sea corals and sponges, available information  suggests that  these 

species are in good condition.  However, limited  data in these areas do suggest that  recruitment  

is low for  deep-sea coral  species. 
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Spinner dolphins and other marine mammals are often observed within NMSAS. Photo: Nicolas Evensen 

 

Other focal species in NMSAS include giant Porites corals, giant clams, humphead wrasse, sea 

turtles, and humpback whales. The abundance of harvested species, including giant clams, 

targeted food fish species, and humphead wrasse, is low and recovery is uncertain due to 

continued harvesting and life cycle characteristics. The decline in giant clams from 1996 to 2006 

is particularly worrisome to resource managers, and there is some concern that ocean 

acidification and elevated seawater temperatures may be affecting these species. Data on sea 

turtles suggest that resident populations may be slowly recovering, but nesting activity is still 

limited. Humpback whale populations may also be increasing, but data are limited, and 

increasing ocean temperatures may shift the preferred habitat for this species away from 

American Samoa. More specific survey efforts for giant clams, humphead wrasse, and rare food 

fish species, as well as expanded survey efforts for sea turtles and humpback whales, are 

recommended. 

 

Each year between July and December, humpback whales journey from Antarctica to visit American 
Samoa for calving and breeding. Photo taken under NOAA permit 774-7714. Photo: Center for Coastal 
Studies and Hawaiian Islands Humpback Whale National Marine Sanctuary 
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Non-indigenous species have been observed in American Samoa, but have not exhibited invasive 

characteristics within sanctuary units. A tunic ate and a green alga have recently exhibited 

invasive behavior, but are believed to be native species. No recent surveys have been conducted 

specifically to look for invasive species, and this is an important biosecurity gap that needs to be 

addressed.  

Overall, biological diversity is high in NMSAS, but needs to be further explored, as additional 

species continue to be documented and new species have been recently discovered. Recent 

mesophotic and deep-sea expeditions have expanded the list of known species within the 

sanctuary, and further study is likely to expand this list further. The effect of disturbance events 

on species diversity has not been well documented in shallow coral reef habitats, and 

mesophotic, deep-sea, seabird, and marine mammal surveys have been limited. 

Maritime Heritage Resources 

Maritime heritage resources are those tangible and intangible properties (archaeological, 

cultural, historical resources) that capture our human connections to ocean areas. Current 

knowledge of the nature, location, and significance of maritime heritage resources within 

NMSAS is limited. The most relevant information for addressing the condition of maritime 

heritage resources in the sanctuary comes from an existing desk-based assessment of heritage 

resources for the entirety of American Samoa, which includes the sanctuary. Therefore, 

resources outside the immediate boundaries of NMSAS were considered in order to estimate 

possible conditions of resources within the sanctuary itself. In general, maritime heritage  

resources have not been subject to human impacts that might otherwise diminish their 

aesthetic, cultural, historical, archaeological, scientific, or educational value. However, they have 

been subject to natural deterioration, erosion, and high -energy shoreline events. Resources like 

submerged shipwrecks and aircraft, which likely exist within the sanctuary, are presumed to be 

slowly degrading, primarily due to these natural processes. 

State of Ecosystem Services 

Ecosystem services are the tangible and intangible benefits that humans receive from natural 

and cultural resources. Nine types are considered in this report: non-consumptive and 

consumptive recreation, science, education, heritage, sense of place, commercial and 

subsistence harvest, and coastal protection.  

Non-consumptive Recreation 

Non-consumptive recreation services within the sanctuary are those that do not result in the 

intentional removal of or damage to natural and heritage resources, like swimming, snorkeling, 

scuba diving, boating, beach recreation, and beach camping. There have been no studies specific 

to these non-consumptive recreational activities in NMSAS, therefore, territory -wide studies 

were assessed as a proxy. These proxy data show that swimming and beach recreation are 

relatively common activities in American Samoa. Although the number of cruise ship arrivals 

has increased, the number of overall tourist arrivals to American Samoa decreased from 2007ï

2015. Visitation to the nearby National Park of American Samoa has increased since 2008, with 

peak visitation occurring in 2017. Yet, despite increasing awareness of the sanctuary and 
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recreational opportunities available, a lack of infrastructure to promote access continues to be a 

limiting factor for non -consumptive recreation. 

Consumptive Recreation 

Consumptive recreation is a term used to describe recreational activities that may result in the 

death of or disturbance to wildlife, or the destruction of natural habitats. This typically includes 

recreational fishing, sport fishing, and  beachcombing. Within the National Marine Sanctuary 

System, sites try to balance access to these activities with resource protection to maintain this 

ecosystem service. Evaluating this service in the Pacific Islands is difficult, as island 

communities rely  on fishing for subsistence and do not view it as a recreational activity. The 

majority of those who benefit from consumptive recreation in American Samoa are local 

residents, but they generally do not conduct the activity solely for recreational purposes, but 

rather, do so in conjunction with other responsibilities, such as food provision. The expansion of 

NMSAS restricted fishing access in two sites, but likely had a minimal impact on recreational 

fishing activities.  

 

An alia heads out to participate in the Fagota Mo Taeao fishing tournament. Fishing is one of the many 
ecosystem services provided by NMSAS. Photo: Nerelle Que Moffitt/NOAA 

 

Science 

Science is an important ecosystem service for NMSAS, and activities such as in situ research, 

publications, science capacity, and partnerships have been increasing. Sanctuary staff have 

successfully worked with partners to support research cruises for shallow coral reef ecosystem 

and deep-sea exploration, exploration of mesophotic systems, investigation of contaminants in 

Fagatele Bay, and installation of a buoy to monitor ocean acidification in Fagatele Bay. In 

addition, college interns and fellows have supported science efforts, and outreach staff have 

incorporated science into ocean literacy efforts. However, there are limitations on this service 

due to lack of vessel access and limited science staff capacity. 
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This buoy in Fagatele Bay continuously monitors ocean acidification and water quality parameters. Photo: 
Nerelle Que Moffitt/NOAA 

 

Education 

Education and outreach is another important ecosystem service that has benefitted a wide range 

of audiences, participants, partners, communities, and networks locally, regionally, nationally, 

and internationally. Education and outre ach efforts at NMSAS have consistently grown. A 

significant success has been harnessing support and building capacity for local residents, 

including students, teachers, village communities, and partners. Ensuring residents were the 

first to benefit from tr aining, programs, activities, or other opportunities aimed at building pride 

in protecting sanctuary resources and enhancing skills has been essential. Additionally, the 

sanctuary has collaborated with local, regional, national, and international partners in order to 

gain a wider reach, projecting the place, people, special resources, and ecosystems of NMSAS via 

films, publications, and expeditions.  

 

Education and outreach events, like Get Into Your Sanctuary, allow residents to learn about marine 
resources while also having fun. Photo: Iosefa Siatuôu/NOAA 
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Heritage and Sense of Place  

NMSAS is tasked with interpreting, protecting, and preserving historic and cultural resources 

and incorporating traditional knowledge and stewardship into management. Faôa Samoa, the 

traditional Samoan way of life, provides the cultural context for all sanctuary activities and 

functions. The chiefs who were engaged in the condition report process stated that culture is too 

important and complex to capture in a rating. Therefor e, there are no formal graded 

assessments for heritage and sense of place, as to do so would be considered inappropriate. 

Instead, the value of cultural heritage is presented in a narrative form, which includes the 

historical and cultural background of Ame rican Samoa and a summary of related resources and 

activities, such as community engagement and education and outreach events. These events 

highlight the cultural traditions and values of family, village, ecosystem, and Faôa Samoa. 

Heritage and sense of place should be understood as shared and strongly supported by NMSAS 

and by the community of American Samoa.  

 

NMSAS staff place a high value on partnerships with sanctuary communities and maintain great respect 
for Faôa Samoa, the Samoan way of life. Photo: Veronika Mortenson/NOAA 
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Commercial Harvest 

Worldwide, there is heavy pressure on fish assemblages from fishery activities, and assessments 

have demonstrated declines in reef fish abundance across the Pacific Islands. Except at Swains 

Island, reef fish populations across the territory are well below the biological potential for these 

systems. Fishing may quickly reduce the population of commercial reef fish species in 

constrained bays like Fagatele Bay and remote sites like Rose Atoll with limited fish recruitment. 

Fishing is now prohibited in Fagatele Bay and limited in other units like Aunuôu and Muliƃva. 

Commercial fisheries data specific to sanctuary areas were not available, therefore aggregate 

data for the territory were evaluated for this service. These data indicate that the number of 

fishing vessels and fishers in the territory have declined over time. In 2019, pelagic catches were 

the lowest in the past decade, and NOAA Fisheries determined that the bottomfish fishery was 

overfished and experiencing overfishing. Social surveys suggest that reef shark populations have 

improved, but octopus, giant clams, akule, and palolo have declined or remained the same. 

Fishery independent data suggest that shallow reef fish biomass and giant clam abundance have 

declined. Due to the change in fishing regulations and lack of sanctuary-specific data, the status 

of this service was undetermined. 

 

Giant clams (faisua) provide important ecological functions, but are also valued for subsistence and 
cultural purposes. Photo: NOAA 
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Subsistence Harvest 

Subsistence harvest is important to the American Samoan community to ensure that families 

have food on the table, have a healthy diet, and maintain a connection to the past through 

traditional fishing methods. Data indicate t hat most households have at least one member who 

fishes. The most common reasons for fishing are to feed family members and give to pastors and 

village leaders. But while most continue to participate in subsistence harvesting, many residents 

believe reef fishing is worse now than when they were young, including for the traditional 

harvest of species such as palolo, giant clams (faisua), and bigeye scad (akule). Also, although 

people may still be engaged in subsistence harvest, the frequency of harvest has decreased. 

Coastal Protection 

Coral reefs protect infrastructure and support economic activity. Coral reefs and mangroves help 

to reduce flooding and wave energy at the shoreline. Rising sea level is of great concern, as it 

affects a large number of sites currently protected by these habitats. In addition to global sea 

level rise, American Samoa has experienced rapid subsidence since a powerful 2009 earthquake 

doublet in the Tonga Trench. The rate of subsidence in American Samoa is about 8ï16 

millimeters per  year, making the islandôs relative sea level rise rate about 5 times the global 

average. This may make it difficult for coral reefs to maintain their capacity for coastal 

protection, as many species grow more slowly than this. Coral bleaching events, storms, and 

vessel groundings have impaired this function in some sanctuary areas, particularly Aunuôu. 

Although coastal protection is rated as fair in most sanctuary units, Muliƃva is considered to be 

good/fair and Aunuôu is fair/poor. 

Response to Pressures 

NMSAS is co-managed by the National Oceanic and Atmospheric Administration (NOAA) and 

the government of American Samoa. Partnerships with sanctuary-adjacent communities and 

Faôa Samoa are highly valued as part of this management structure. In American Samoa, the 

relationship between the sanctuary and the village council is critical to the success of this 

partnership. Since the designation of Fagatele Bay National Marine Sanctuary in 1986, local 

administration of the sanctuary has been conducted through a cooperative agreement with the 

government of American Samoa. In 2002, a memorandum of agreement established a co-

management relationship between the NOAA Office of National Marine Sanctuaries and the 

American Samoa Department of Commerce. The co-development of a world class visitor and 

learning facility known as the Tauese P.F. Sunia Ocean Center and further collaboration on 

several efforts with the American Samoa Department of Commerce increased the reach and 

presence of the newly expanded NMSAS. In 2013, the government of American Samoa shifted 

co-management from the American Samoa Department of Commerce to the American Samoa 

Department of Marine and Wildlife Resources. With this change, NMSAS continued to engage 

the Department of Marine and Wildli fe Resources on a regular basis and collaborated on 

opportunities that benefitted the territory, such as crown -of-thorns starfish removal and the 

Fagota mo Taeao Fishing Tournament.  

The most significant management action since 2008 was the expansion of the sanctuary, which 

took place in 2012. During this process, the Office of National Marine Sanctuaries worked with 
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stakeholders to evaluate issues affecting the sanctuary. This process led to regulatory changes, 

including the establishment of a no-take area in Fagatele Bay and prohibitions on damaging 

activities like anchoring throughout the sanctuary. Any exceptions to these regulations must be 

reviewed and permitted by the Office of National Marine Sanctuaries. Action plans were also 

developed through this process to guide sanctuary management on topics including resource 

protection and enforcement, climate change, cultural heritage and community engagement, and 

ocean literacy. NMSAS has implemented many of the strategies listed in the action plans to 

improve sanctuary management and respond to pressures. This includes expanded educational 

programs, improved science capacity, and implementation of resource protection activities such 

as crown-of-thorns starfish removal. In 2016, the sanctuary expansion allowed the Office of 

National Marine Sanctuaries to remove the fishing vessel No. 1 Ji Hyun from important fishing 

grounds in Aunuôu under the authority of the National Marine Sanctuaries Act. 

Recommended actions are not presented in this report; however, in 2022, the Office of National 

Marine Sanctuaries will begin updating the NMSAS management plan, and the findings of this 

condition report will serve as an important foundation for recomm endations of new action plans 

designed to address priority needs. 
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National Marine Sanctuary of American Samoa 

Summary of Resource Conditions 

 

The various resource status and trend evaluations presented in this report are summarized 

below. Each question used to rate the condition and trends sanctuary resources is listed, 

followed by: 

1) A set of rating symbols that display key information. The first symbol includes a color 

and term to indicate status. The next symbol indicates trend. A shaded scale adjacent to 

both symbols indicates confidence (see key for example and definitions). 

2) The status description, which is a statement that best characterizes resource status and 

corresponds to the assigned color rating and definition as described in Appendix A. The 

status description statements are customized for all possible ratings for each question. 

3) The rationale, which is a short statement or list of criteria used to justify the rating.  
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Water Quality  

Question 1: What is the eutrophic condition of sanctuary waters and how is it 
changing? 

 

Status Description: Eutrophication has not been 
documented, or does not appear to have the potential to 
negatively affect ecological integrity. 

Rationale: Data on eutrophication are limited, but available data suggest that nitrogen, 
phosphorus, and chlorophyll a concentrations remain below recommended threshold levels in 
sanctuary waters. However, dissolved inorganic nitrogen may be increasing in Fagatele Bay 
based on the most recent data. Macroalgae cover was evaluated as a proxy for nutrients and has 
been variable over the reporting period, but remains low overall within sanctuary units.  

Question 2: Do sanctuary waters pose risks to human health and how are they 

changing? 

 

Status Description: One or more water quality indicators 
suggest the potential for human health impacts, but human 
health impacts have not been reported. 

Rationale: There are currently no known human health risks from NMSAS waters; however, 
data are limited and no trend data are available. Contaminants were detected in Fagatele Bay, 
but only nickel concentrations exceeded toxicology screening levels. Coliform bacteria have 
been detected in Fagatele Bay and there is a sewage outfall in the Aunuôu Multipurpose Zone, 
but sanctuary units are not part of regular w ater sampling efforts, so any potential health 
impact is unknown. No ciguatera poisoning has been reported from fish caught in the 
sanctuary. 
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Question 3: Have recent, accelerated changes in climate altered water conditions and 

how are they changing? 

 

Status Description: Climate related changes have caused 
measurable, but not severe, degradation in some attributes of 
ecological integrity.  

Rationale: Increasing sea surface temperatures have caused more frequent and more severe 
coral bleaching events. Ocean acidification is affecting water quality worldwide; however, 
aragonite saturation state and calcification rates have remained high in sanctuary units. 

Question 4: Are other stressors, individually or in combination, affecting water quality, 

and how are they changing? 

 

Status Description: Selected stressors are suspected and 
may degrade some attributes of ecological integrity, but have 
not yet caused measurable degradation. 

Rationale: Nonpoint source pollution from landfill activity, agriculture, and development was 
raised as a concern for Tutuila and Aunuôu units; however, managers did not detect major 
impacts to the ecological integrity of these sites during the reporting period. Accelerated 
coastal erosion caused by subsidence has not caused significant deposition. Iron enrichment at 
a vessel grounding site continues to be a problem at Rose Atoll, but has improved. Bird 
populations at Rose Atoll have varied somewhat due to storms, but these fluctuations do not 
appear to have disturbed nutrient cycles around the atoll.  

Question 5: What are the levels of human activities that may adversely influence water 

quality and how are they changing? 

 
Status Description: Some potentially harmful activities 
exist, but they have not been shown to degrade water quality. 

Rationale: There are measurable contaminant and nutrient inputs within NMSAS units, 
particularly in Fagatele Bay. Contaminants and nutrients from a landfill and agricultural 
activities have been documented at low levels in Fagatele Bay and it is likely that they have also 
reached Fagalua/Fogamaôa. No measurable impact on water quality or biological communities 
has been detected. There is a sewage outfall in the Aunuôu Multipurpose Zone A Unit that may 
also discharge contaminants and nutrients to the shallow reef zone. Limited data prevent full 
assessment of these impacts and no trend data were available to assess changes over time. 
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Habitat Resources  

Question 6: What is the integrity of major habitat types and how are they changing? 

 

Status Description: Selected habitat loss or alteration is 
suspected and may degrade some attributes of ecological 
integrity, but has not yet caused measurable degradation. 

Rationale: Habitats within NMSAS have demonstrated resilience to disturbances from coral 
bleaching events, sea level rise, crown-of-thorns sea stars, and cyclones. These ecosystems have 
adapted to or recovered from these events. The damage from a vessel grounding in Aunuôu has 
had lasting impacts, but is constrained to a small area, and marine debris continues to be a 
chronic, but minor problem across all habitats. Data for pelagic and deep-sea habitats are 
limited, and no immediate threats were identified.  

Question 7: What are contaminant concentrations in sanctuary habitats and how are 
they changing? 

 

Status Description: Selected contaminants are suspected 
and may degrade some attributes of ecological integrity, but 
have not yet caused measurable degradation. 

Rationale: Data on contaminants within NMSAS are limited. Heavy metals, hydrocarbons, 
pesticides, and pharmaceuticals were detected in water and sediment in Fagatele Bay in 2018, 
but only nickel was observed at concentrations above recommended screening levels. Iron 
contamination from the 1993 grounding at Rose Atoll persists but is limited in scope and 
continues to improve. As the Fagatele Bay data are from a single point in time and no recent 
data are available for other sanctuary units, the expert confidence in this rating is medium and 
experts were unable to determine a trend rating. 

Question 8: What are the levels of human activities that may adversely influence 
habitats and how are they changing? 

 

Status Description: Selected activities have caused 
measurable resource impacts, but effects are localized and not 
widespread or persistent. 

Rationale: Vessel groundings have had localized effects on coral reef habitat in the Aunuôu and 
Muliƃva units. Destructive fishing practices have not been observed recently, but abandoned 
fishing gear has been removed from sites on Tutuila. Marine debris is widespread across the 
sanctuary, but documented habitat impacts have been limited. Deep-sea surveys detected 
significant marine debris accumulations in t he deep sea around Tutuila, but did not detect 
marine debris in the Muliƃva unit. Limited data are available for all sites, particularly for 
pelagic, mesophotic, and deep-sea habitats. 
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Living Resources  

Question 9: What is the status of keystone and foundation species and how is it 
changing? 

 
Status Description: The status of keystone and foundation 
species is mixed. 

Rationale: The status of keystone and foundation species varies across taxa. Experts assigned a 
rating of fair/poor to fish taxa as the low abundance of large predators and herbivores in 
shallow coral reef habitats, may decrease ecosystem resilience. Benthic foundation species, 
such as corals and crustose coralline algae, were rated as good/fair. While experts are 
concerned that low reef fish biomass may eventually impair reef resilience, during this 
reporting period benthic foundation species demonstrated an ability to recover after coral 
bleaching, crown-of-thorns starfish outbreaks, a tsunami, and storms. Data for mesophotic and 
deep sea species are limited, but do not indicate degradation of these habitats. 

Question 10: What is the status of other focal species and how is it changing? 

 
Status Description: The status of keystone and foundation 
species is mixed. 

Rationale: The abundances of giant clams (Tridacna spp.), targeted food fish species, and 
humphead wrasse (Cheilinus undulatus ) are low, and their recovery is uncertain due to 
continued harvesting and life cycle characteristics. The continued low abundance of these 
species resulted in a rating of fair/poor. Giant Porites corals were added after the workshop 
based on expert recommendation and feedback. The status of these species is good. Data on sea 
turtles suggests that regional populations are stable and may be slowly recovering, but remain 
at risk. Sea turtle nesting activity is still limited and may be affected by harvest outside of 
American Samoa, coastal development and climate change. Humpback whale populations may 
be increasing, but data are limited and increasing ocean temperatures may be shifting their 
preferred habitat away from American Samoa. The status of sea turtles and humpback whales 
was considered fair. 

Question 11: What is the status of non-indigenous species and how is it changing? 

 

Status Description: Non-indigenous species are present and 
may preclude full community development and function, but 
have not yet caused measurable degradation. 

Rationale: Non-indigenous species have been observed in American Samoa, but have not 
exhibited invasive characteristics within NMSAS units.  
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Question 12: What is the status of biodiversity and how is it changing? 

 

Status Description: Selected biodiversity loss or change has 
caused measurable but not severe degradation in some 
attributes of ecological integrity.  

Rationale: Diversity remains high in NMSAS, additional species have been documented, and 
new species continue to be discovered. Shallow scleractinian coral populations have fluctuated 
over time due to predation, cyclone, and coral bleaching events, but have proven resilient. 
Many large, ecologically important fish species are rare throughout the sanctuary and fish 
biomass is below island averages in Tutuila units and below estimated biological potential in all 
units except for Swains Island. Impaired fish community st ructure may affect overall coral reef 
ecosystem function, and resilience and was a primary driver for this rating.  

Question 13: What are the levels of human activities that may adversely influence living 
resources and how are they changing? 

 

Status Description: Selected activities have caused 
measurable resource impacts, but effects are localized and not 
widespread or persistent. 

Rationale: Fishing appears to be a significant pressure on living resources in NMSAS. Experts 
believe that Fagatele Bay may deserve a fair/poor rating due to low fish biomass observed at 
the site. Fishing pressure appears to be decreasing, but fish biomass has not increased during 
the reporting period. Clam populations continue to decline. Sea turtle population s are stable or 
increasing. Vessel groundings reduced species diversity and abundance at the impact sites in 
Aunuôu and Rose Atoll. Limited data are available for pelagic, mesophotic, and deep-sea 
habitats. 
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Question 14: What is the condition of known maritime heritage resources and how is it 

changing? 

 

Status Description: The diminished condition of selected 
maritime heritage resources has reduced, to some extent, 
their aesthetic, cultural, historical, archaeological, scientific, 
or educational value, and may affect the eligibility of some 
sites for listing in the National Register of Historic Places.  

Rationale: Maritime heritage resources have not been subject to human impacts that might 
otherwise diminish their aesthetic, cultural, historical, archaeological, scientific, or educational 
value. They have been subject to natural deterioration, erosion, and high-energy shoreline 
events, but have generally not been assessed, documented, or monitored. Therefore, their 
condition i s rated as fair. However, the trend is worsening because maritime heritage resources 
are subject to ongoing natural forces like erosion and high-energy shoreline events, leading to 
concern regarding future conditions. Maritime heritage resources like subme rged shipwrecks 
and aircraft, which likely exist within the sanctuary, are presumed to be slowly degrading, 
primarily due to natural processes. 

Maritime Heritage Resources 

Question 15: What are the levels of human activities that may adversely affect maritime 
heritage resources and how are they changing? 

 

Status Description: Some potentially damaging activities 
may exist, but they have not been shown to degrade maritime 
heritage resource condition. 

Rationale: This question addresses human activities that may have adverse impacts, and is not 
meant to consider deterioration primarily due to natural processes. Based on observations by 
participating experts, few activities, either within or adjacent to NMSAS boundaries, are known 
to have the potential for adverse impacts to maritime heritage resources. Additionally, experts 
agreed that this low level of adverse activity has not changed since the previous condition 
report.  
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National Marine Sanctuary of American Samoa 

Summary of Ecosystem Services 

 

The various resource ecosystem service evaluations presented in this report are summarized 

below. Each ecosystem service is listed, followed by: 

1) A set of rating symbols that display key information . The first symbol includes a color 

and term to indicate status, the next symbol indicates trend, and a shaded scale adjacent 

to both symbols indicates confidence (see key for example and definitions). 

2) The status description, which is a statement that best characterizes status and 

corresponds to the assigned color rating and definition as described in Appendix B. 

3) The rationale, a short statement or list of criteria used to justify the rating.  
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Cultural (Non -Material Benefits)  

Non-Consumptive Recreation ï Recreational activities that do not result in intentional 
removal of or harm to natural or cultural resources 

 

Status Description: The capacity to provide the ecosystem 
service is compromised, and existing management would 
require enhancement to enable acceptable performance. 

Rationale: Though it is clear that both physical conditions and infrastructure limit access for 
non-consumptive recreation activities in the sanctuary, the levels of existing activities are not 
well understood or quantified. The improving trend reflects sanctuary and partner outreach 
and education activities that highlight recreational opportunities in the sanctuary. These create 
interest among residents and tourists in using the sanctuary. 

Consumptive Recreation ï Recreational activities that result in the removal of or harm 
to natural or cultural resources 

 
Status Description: The capacity to provide the ecosystem 
service is compromised, but performance is acceptable. 

Rationale: The status of good/fair was based primarily on the fact that recreational 
opportunities have not been significantly reduced by changes in resource availability or access 
restrictions. The expansion of NMSAS restricted fishing access at two sites, but likely had 
minimal impact on recreational fishing. People were still able to access resources, and NMSAS 
worked to increase awareness of responsible recreational fishing practices. Consumptive 
recreation in the sanctuary likely decreased after the expansion in 2012, then increased after 
subsequent outreach to enhance recreational fishing. There are insufficient data to determine 
the extent of these changes; therefore, the ratings for this service are based primarily upon 
expert opinion.  
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Science ï The capacity to acquire and contribute information and knowledge 

 

Status Description: Demand for the service is not fully met, 
but performance is acceptable and may not warrant enhanced 
management. 

Rationale: Science activity has been increasing at NMSAS throughout the reporting period and 
current levels are rated as good/fair. During this time, research activities, publications, science 
capacity, and partnerships have all increased. Experts noted that there are still limitations due 
to the lack of access to large research vessels and science staff capacity, and the program will 
need more support in the future, given the substantial expansion of the sanctuary in 2012. The 
incorporation of traditional knowledge and more student programs were highlighted as a reas 
for future improvement.  

Education ï The capacity to acquire and provide educational programs 

 
Status Description: The capacity to provide the ecosystem 
service has remained unaffected or has been restored. 

Rationale: Education programs have strengthened the NMSAS mission to restore and protect 
marine ecosystems. NMSAS has a very robust education program that includes: pre-K through 
higher education programs for teachers and students that reach an average of over 3500 
students and 100 teachers yearly; immersive summer programs that have reached over 850 
participants; a wide range of community outreach events; and a well-regarded visitor center 
that serves both the local community and touristsðapproximately 58,000 individuals have 
toured the center to date. The number of programs has expanded during the reporting period 
with new offerings added each year. 
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Heritage & Sense of Place ð Recognition of History, Heritage Legacy, Cultural 
Practices, Aesthetic Attraction, Spiritual Significance & Location Identity 

Status and Trend Rating: Specific ratings were not assigned for the heritage and sense of 
place ecosystem services, because measuring these services in the manner used to rate other 
services was determined to be culturally inappropriate for American Samoa. The physical 
condition of heritage resources and sites (distinct from heritage services or ecosystem benefits) 
was rated in the State section. 

Status Description: Not Applicable.  

Rationale: Cultural traditions and values, inherent to the ecosystem services of heritage and 
sense of place, currently thrive in American Samoa where one people, one language, and one 
common set of cultural practices continue to be perpetuated. The chiefs who were engaged in 
the workshop process stated that cultural values are too important and too complex to be 
captured in a rating scheme. This is an indication of the significance of these benefits. 
Therefore, there are no status or trend assessments for heritage and sense of place. 
Furthermore, heritage and sense of place are so similar in American Samoa that they can only 
be understood as a single, interrelated topic (and will thus be presented together here). ONMS 
places a high value on partnerships with sanctuary communities and maintains great respect 
for Faôa Samoa. Faôa Samoa, the traditional Samoan way of life, provides the cultural context 
for all sanctuary activities and functions.  
 
Though not rated, the cultural aspects of heritage and sense of place have been a large part of 
the work that NMSAS has completed to date and since the sanctuary expanded. Workshop 
participants acknowledged the priority that NMSAS places on cultural traditions and values, 
and felt that these should continue to be included as a core emphasis for NMSAS programs and 
activities. The chiefs also recommended that NMSAS capture the importance of cultural 
information discussed during the workshop in a narrative format rather than in a rating 
scheme. Respecting the sensitive nature of cultural heritage information and accommodating a 
narrative format is an option supporte d by the condition report process and ONMS.  
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Provisioning (Material Benefits)  

Commercial Harvest ï The capacity to support commercial market demands for seafood 
products 

 Status Description: Not applicable 

Rationale: Throughout the study period (2008ï2018), the number of commercial fishing 
vessels has declined. Additionally, there is limited information specific to NMSAS, and 
regulations vary across sites within the sanctuary. Ecosystem changes linked to climate change 
may have impaired the ability of the ecosystem to provide commercial harvest. 

Subsistence Harvest ï The capacity to support non-commercial harvesting of food and 
utilitarian products 

 
Status Description: The capacity to provide the ecosystem 
service is compromised, but performance is acceptable. 

Rationale: Although evidence was limited to rate this service, experts agreed that the status of 
subsistence harvest was good/fair for the study period. In a 2014 survey, roughly one-third of 
respondents reported fishing at least two to three times per month. Additionally, several 
respondents indicated that they gathered other marine resources (such as shells, octopus, 
lobster, sea cucumber, and other non-fish species). The most common reasons people fished 
inclu ded feeding themselves and family, giving to extended family and friends, giving to 
pastors and village leaders, and for special occasions and cultural services. Frequency of fishing 
decreased among residents, likely because of the increased convenience of storing and 
purchasing food. The worsening trend was attributed to surveys that showed respondents 
believe fishing is worse now than when they were younger (Levine & Sauafea-Leau, 2013). 
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Regulating (Buffers to Change)  

Coastal Protection ð Natural features that control water movement and/or wind energy, 
thus protecting habitat, property, heritage resources, and coastlines 

 
Status Description: The status of coastal protection services 
is mixed. 

Rationale: Although coastal protection was rated as fair in most sanctuary units, Muliƃva was 
considered to be good/fair and Aunuôu was fair/poor. The overall fair rating was driven by sea 
level rise damage to shorelines, declining coral cover due to coral bleaching, and because vessel 
groundings and storms have damaged natural coastal protection defenses, such as corals and 
mangroves, in localized areas. The worsening trend is the result of the combined effects of sea 
level rise, subsidence, and increased coral bleaching. Experts noted that the rate of subsidence 
in American Samoa is about 8ï16 mm yr-1, making the islandôs relative sea level rise rate about 
five times the global average. In addition to deepening reefs, this causes coastal and inland 
flooding, which threatens reef growth and coastal habitats, crops, and infrastructure.  
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Sanctuary Setting 

 

Overview 

American Samoa is an unincorporated territory of the United States consisting of the eastern 

part of the Samoan archipelago, located in the south-central Pacific Ocean. It is located 

approximately 2,600 km northeast of New Zealand and 3,500 km southwest of Hawaiôi. 

American Samoa includes the inhabited islands of Tutuila and Aunuôu, as well as the Manuôa 

islands (Taôu, Olosega, and Ofu). Additional islands in the territory include Rose Atoll, an 

uninhabited coral atoll, and Swains Island, a formerly inhabited coral atoll. The capital of 

American Samoa is Pago Pago, located on Tutuila. In 2020, the population of American Samoa 

was 49,710 (U.S. Census Bureau, 2021), with the majority of residents living on Tutuila. The 

total land area is 199 km2, slightly larger than the size of Washington, D.C. American Samoa is 

the southernmost territory in the U.S. and one of two U.S . territories south of the Equator (the 

other is the uninhabited Jarvis Island; ONMS, 2012).  

National Marine Sanctuary of American Samoa (NMSAS) is composed of six protected areas 

covering 13,581 mi2 of marine habitat that includes nearshore coral reef, deep-sea, and pelagic 

areas across the Samoan archipelago (Figure SS.1). It was formerly known as Fagatele Bay 

National Marine Sanctuary, established in 1986 to protect 0.25 mi 2 of coral reef habitat in 

Fagatele Bay. In 2012, the sanctuary expanded to include Fagalua/Fogamaôa on Tutuila Island, 

as well as areas surrounding Aunuôu, Taôu, and Swains Island, and Muliƃva, a unit that overlays 

Rose Atoll Marine National Monument and includes nearby Vailuluôu Seamount.  

NMSAS is located in the cradle of Polynesiaôs oldest culture. It is home to a great diversity of 

marine life, including corals and other invertebrates, fish, turtles, marine plants, and marine 

mammals. It also includes some of the oldest and largest Porites coral colonies in the world, 

along with deep-sea coral and sponge habitats, an undersea volcano, and important fishing 

grounds. 
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Figure SS.1. NMSAS is comprised of six protected areas (Fagatele Bay, Fagalua/Fogamaôa, Aunu'u, 
Taôu, Swains Island, and MuliǕva), covering 13,581 mi2 of marine habitats, including nearshore coral reef, 
deep-sea, and pelagic areas across the Samoan archipelago. Image: NOAA 

 

Designation of the Sanctuary 

In 1982, the governor of American Samoa proposed Fagatele Bay to the National Oceanic and 

Atmospheric Administration (NOAA) as a candidate for national marine sanctuary designation. 

After a lengthy public process, Fagatele Bay National Marine Sanctuary was designated on April 

29, 1986 by an act of Congress. Fagatele Bay National Marine Sanctuary became part of 

American Samoaôs conservation strategy, which includes the National Park of American Samoa 

and a community-based marine protected area program coordinated by the Department of 

Marine and Wildlife Resources (DMWR; Raynal et al., 2016). 

On January 6, 2009, President George W. Bush established Rose Atoll Marine National 

Monument under the Antiquities Act (Proc. 8337, 74 Fed. Reg. 1577 [Jan 12, 2009]). The 

proclamation ordered the Department of Commerce to initiate a process to add the marine areas 

of the monument to Fagatele Bay National Marine Sanctuary. In 2008, NOAA initiated a 

process to expand Fagatele Bay National Marine Sanctuary. The Office of National Marine 

Sanctuaries (ONMS) worked closely with the American Samoan government and local 

communitie s, who wanted to protect these special places for future generations, to evaluate 

areas for proposed inclusion in the sanctuary. Through a series of public meetings, public input 

on the proposed areas was solicited and reviewed based on the metrics of ecological, cultural, 
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and scientific importance. Eventually, from an initial list of 11 proposed sites, five areas were 

selected for final evaluation: Swains Island, Taôu, Aunuôu, Fagalua/Fogamaôa, and Muliƃva. 

On July 26, 2012, a draft management plan and draft environmental impact statement were 

published, adding five new areas to the existing Fagatele Bay National Marine Sanctuary, for a 

total of six discrete management units; the name of the sanctuary was changed to National 

Marine Sanctuary of American Samoa (77 Fed. Reg. 43942 [Oct. 31, 2012]). NOAA also 

amended existing sanctuary regulations and applied these regulations to activities in the 

expanded sanctuary. These final regulations took effect on October 15, 2012 (77 Fed. Reg. 65815 

[Oct 31, 2012]). NOAA co-manages the sanctuary with the American Samoa government and 

works closely with local communities to support Samoan cultural traditions and practices.  

Faôa Samoa: The Samoan Way 

American Samoans hold on to ancient traditions tightly (U.S. Department  of Labor, 2007). 

Despite decades of foreign influence, most Samoans are still fluent in their native language and 

practice Faôa Samoa, the traditional communal Samoan lifestyle, or way of life. Faôa Samoa is the 

foundation of Polynesia's oldest cultureðdating back 3,000 years. It emphasizes reciprocity 

rather than individual accumulation, and similarly, prestige is gained through generous 

distribution (not accumulation) of wealth. While it holds on to these traditions, Samoan culture 

has inherent flexibili ty, allowing ceremonial and traditional customs to be modified to suit 

modern situations (U.S. Department of Commerce, 1984). One key factor in the integrity of 

Samoan culture is the endurance of the Samoan language. Samoan is spoken in the workplace, 

incl uding in the NMSAS offices and the American Samoa government. Samoans take pride in 

the tenets of respect, humility, and service as guiding principles of their culture. In this regard, 

as a courtesy and sign of respect, permission from families is required to cross or enter family 

lands. This includes beach areas that may be access points to NMSAS (Figure SS.2). 

 

Figure SS.2. Reaching Fagatele Bay from Futiga requires permission, and sometimes a fee, from the 
local family. The site warden is responsible for unlocking the gate at the entrance to the Fagatele Bay 
Trail, which traverses private family land. Photo: Nerelle Que Moffitt/NOAA 
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NMSAS staff place a high value on partnerships with sanctuary communities and maintain great 

respect for Faôa Samoa. The relationship between sanctuary staff and the matai (chiefs) is 

critical to successful resource management. The American Samoa Office of Samoan Affairs helps 

facilitate the sanctuary's community consultations in a culturally appropriate manner that is 

respectful of Faôa Samoa. This includes consultations at saofaôiga a le nuôu (village council 

meeting) and individual matai (ONMS, 2012).  

Human Settlement and Political History 

Human history in American Samoa dates back about 3,000 years (Craig, 2009; Linnekin et  al., 

2006). Polynesian culture developed following the voyaging discovery and settlement of the 

Fiji/Tonga/Samoa region. The settlement of the Pacific Islands millennia ago was guided by 

ancient seafarer navigation using the stars and other natural cues and observationsða vehicle 

for cultural renewal and pride to this day. This voyaging and settlement of the Pacific has been 

called the greatest ocean-borne human migration in history.  

The first European contact with American Samoa occurred in 1722 (Davidson, 1969; Linnekin et 

al., 2006). The subsequent wave of outside visitors included European missionaries and 

explorers. The Wilkes Expedition from the U.S. in 1839 conducted the first systematic natural 

history and cultural surveys of Samoa. This expedition, along with the arrival of Christian 

missionaries, established Western influence over Samoan society that continues today (Figure 

SS.3). 

 

Figure SS.3. Fagatogo (Tutuila) during the time of European settlement. Note the pile of coal stored on 
the beach. Image: De Olivares, 1899 
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During the 1800s, three colonial powers, Germany, England, and the U.S., laid claim to the 

Samoan Islands, nearly coming to war before signing a tripartite agreement in 1899 that granted 

control of Upolu and Savaiôi to Germany and control of Tutuila, Aunuôu, and Manuôa to the U.S. 

That year, the U.S. Department of the Navy assumed administration of ñTutuila Stationò 

(Enright et al., 1997; Figure SS.4). The family chiefs, or matais, of Tutuila and Aunuôu ceded 

these islands to the U.S. on April 17, 1900. Tui Manuôa and other Manuôa chiefs ceded the 

Manuôa islands to the U.S. four years later on July 16, 1904. Several years later, the Navy began 

to refer to the region as ñAmerican Samoaò (Linnekin et al., 2006). On March 4, 1925, Olohega, 

or Swains Island, was annexed by the U.S. and became part of American Samoa. In 1951, per 

Executive Order 10264, administration of American Samoa transferred from the Department of 

the Navy to the Department of the Interior (DOI).  

Today, American Samoa is an unincorporated, unorganized, and self-governing territory of the 

U.S. and remains administered by the DOI Office of Insular Affairs. Congress gave plenary 

authority over the territory to the President of the U.S., who then delegated that author ity to the 

DOI. The Secretary of the Interior enabled American Samoans to draft a constitution, under 

which the American Samoa government functions (Office of Insular Affairs, 2010; U.S. 

Department of Labor, 20 07). Individuals born in American Samoa are cl assified as U.S. 

nationals rather than full citizens. Consequently, they cannot vote in national elections, but have 

freedom of entry into the U.S. American Samoa has had an elected, non-voting member of 

Congress in the U.S. House of Representatives since 1981 (U.S. Department of Labor, 2007). 

 

Figure SS.4. Tutuila Naval Station in 1900 (left) and Fagatele Bay (right). Images: American Samoa 
Office of Archives and Records Management 

 

Commerce 

Today, the territorial government and tuna processing plants are the territoryôs largest 

employers and the mainstay of the economy. The government employs 36.9% of the local 

workforce (American Samoa Department of Commerce [ASDOC], 2019). Two large U.S. tuna 

canneries once formed the basis of an industry that employed more than 3,000 Samoan and 

foreign workers. In 2016, one of the canneries closed due to economic difficulties. The industry 

has also struggled due to staffing and supply chain issues associated with the COVID-19 

pandemic. International fishing fl eets supply catches to the canneries for export, while small-

scale artisanal fisheries supply fish to local markets.  
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Retail trade and services dominate the rest of the territoryôs economy. Small-scale agriculture on 

the islands of American Samoa mainly supply local markets. The most important crops include 

taro, coconuts, bananas, citrus fruits, pineapples, papayas, breadfruit, and yams. Tourism is not 

well developed in American Samoa, with only a handful of small hotels on Tutuila. However, 

short visits by cruise ships periodically supplement the economy. Cruise traffic ceased during 

the 2019 measles outbreak and COVID-19 pandemic. 

Geology 

The Samoan archipelagoôs geologic features are the result of plate tectonics, volcanism, and reef 

accretion. The archipelago is 124 mi north of the convergence of the Australian and Pacific 

plates. A geologic hotspot (a stationary source of molten rock) located 31 mi east of Taôu created 

the main islands in the archipelago as the Pacific Plate moved over the hotspot in a westwardly 

direction at about three in yr -1 (Craig, 2009). Consequently, the age of the islands increases to 

the west (Thornberry -Ehrlich, 2008). Tutuila is about 1.5 million years old, Ofu and Olosega are 

about 300,000 years old, and Taôu is about 100,000 years old (Brainard et al., 2008). Vailulu ôu 

seamount, which sits on top of the Samoan hotspot, has recently grown due to volcanic activity 

(Staudigel et al., 2006). Swains Island and Rose Atoll arose from much older volcanoes and are 

geologically separate from the Samoan volcanic chain (Hart et al., 2004). 

Climate 

The climate of American Samoa is characterized by warm, relatively stable air temperatures, 

variable precipitation, high humidity, predominant southeast tradewinds, and periodic tropical 

cyclone activity (ONMS, 2012). Rainfall and tradewinds in American Samoa are influenced by 

the South Pacific Convergence Zone, a low-pressure area that seasonally moves over and around 

the archipelago, resulting in a long rainy season from OctoberïMay and a slightly cooler and 

drier period with higher southeasterly trade wind activity from June ïSeptember (Finucane et 

al., 2012; ONMS, 2012). Average air temperature is 80.6°F (1967ï2020) and has been 

increasing (Keener et al., 2021). Average monthly mean sea surface temperatures range from 

82ï84°F (Coral Reef Watch, 2021). 

The Pacific Islands region experiences high inter-annual and inter -decadal climate variability as 

a result of the El Niño Southern Oscillation (ENSO), the Pacific Decadal Oscillation (PDO), and 

the Interdecadal Pacific Oscillation (IPO; Finucane et al., 2012; ONMS, 2012; Cheng & Gaskin, 

2011). ENSO events, including La Niña (cold phase) and El Niño (warm phase), influence a 

variety of regional climate factors, such as tradewind activity, rainfall, s torm tracks, ocean 

temperature, and sea level (Finucane et al., 2012; ONMS, 2012).  

Currents, Tides, and Waves 

Ocean currents transport, among other things, nutrients, marine life, heat, oxygen, and carbon 

dioxide. At the broadest scale, the Samoan archipelago lies along the northern edge of the South 

Pacific Gyre, a series of connected ocean currents with a counterclockwise flow that spans the 

Pacific basin (Alory & Delcroix, 1999; Tomczak & Godfrey, 2003; Craig, 2009; Figure SS.5). At a 

regional scale centered on the Samoan archipelago, the major surface currents and eddies that 

affect the archipelago are the westward flowing South Equatorial Current, which occurs all year 
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between 5 and 15 °S; the South Equatorial Counter Current, which interrupts the South 

Equatorial Current between 9 and 12 °S during the summer; and the Tonga Trench Eddy, which 

regularly occurs between September and December south of the archipelago (Kendall & Poti, 

2011). Of these, the South Equatorial Counter Current is the most prominent current feature in 

the region, occurring at approximately 200 m depth, and is strongest in January and February 

(Kessler & Taft, 1987; Chen & Qiu, 2004). 

In addition to surface currents, deep-sea currents play an important role in regulating 

conditions in the deep sea. American Samoa lies along the Pacific Meridional Overturning 

Circulation (Voet et al., 2015), commonly referred to as the global ocean conveyor belt. The 

Circumpolar Deep Water flow is a deep thermohaline current that originates in Antarct ica and 

flows past American Samoa along the Kermadec and Tonga Trenches before entering a region 

known as the Samoan Passage, just north of the exclusive economic zone (EEZ). This current 

carries oxygen and nutrients to deep-sea areas and is believed to be an important dispersal 

mechanism for deep-sea species across the tropical central Pacific. 

 

Figure SS.5. Major surface currents of the Southern Pacific Ocean. EEZs of Samoa and American 
Samoa are outlined in the center of the map. Image: Kendall & Poti, 2011 
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Tides in the archipelago consist of two daily highs and lows with a mean range of 0.78 m (as 

measured at Pago Pago) and extremes of 0.9 m and -0.84 m (NOAA, 2022) during king tides 

and ENSO events. Tides may influence nearshore currents. Extreme high tides may flood low-

lying areas and extreme low tides can expose reef flat areas to the air. NOAA maintains one tidal 

station in American Samoa, located within Pago Pago harbor.  

Wave height and power are highest on average on the eastern- and southern-facing coasts of the 

Samoan islands, but can vary seasonally and among years (Barstow & Haug, 1994). Seasonally, 

ocean swells from the south are highest during MayïSeptember (2ï3 m wave height is 

common) due to the increased intensity and frequency of the trade winds at higher latitudes 

(Barstow & Haug, 1994; Brainard et al., 2008). NovemberïMarch is a period often characterized 

by shorter-period waves, lower wave heights (about 2 m), and more variable directionality 

(Brainard et al., 2008). Large anomalous wave events occur when cyclones pass (e.g., wave 

heights greater than 8 m were recorded during Cyclone Ofa in 1990 and Cyclone Heta in 2004). 

Storms in the north Pacific can even cause unusually large swells on the typically calmer 

northern coasts of the islands (Barstow & Haug 1994; Brainard et al., 2008).  

Habitat and Living Resources 

American Samoa is an oceanic archipelago with a small insular shelf. Therefore, shallow-water 

habitats, such as rocky shore, reef flat, and coral reef, generally only occur within 0.5 to 2 mi 

from shore because of the steep slope of the seafloor (Craig, 2009; Figure SS.6). Pelagic (open-

ocean) waters constitute the primary habitat within the archipelago. NMSAS also includes 

banks, deep ocean floor habitats, hydrothermal vents, and seamounts. 

Nearshore benthic (bottom) habitats include coral reefs (reef flats and reef slopes); seagrass 

beds; mangrove forests; and sandy, hard bottom, and rubble substrates in the subtidal and 

intertidal zones (see Fenner et al., 2008a; Brainard et al., 2008; Kendall & Poti, 2011 for habitat 

characterizations and benthic habitat maps for the entire archipelago). Each sanctuary unit 

contains shallow coral reefs (<30 m) and mesophotic reefs (30ï150 m), with Aunuôu containing 

the largest area of known bottomfish habitat, and Fagatele Bay and Fagalua/Fogamaôa 

containing submarine canyons. The Muliƃva unit contains the greatest area of pelagic and deep-

sea habitat, including Vailuluôu and Malulu seamounts (ONMS, 2012).  
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Figure SS.6. Bathymetric map of Tutuila. The inset is a three-dimensional visualization of Tutuilaôs 
southwestern shore from the mountains (top) to the seafloor (bottom). The inset shows Fagatele Bay, 
Larsen Bay, and Coconut Point (from left to right). Note the steep slope into the deep sea. Image: NOAA 
Fisheries, 2012 

 

Intertidal 

Intertidal habitats in NMSAS include rocky cliffs and terraces, caves, beaches, and reef flats. 

These habitats experience frequent changes from tidal and wave action. Rocky intertidal fauna 

include limpets, chitons, blennies, and crabs that have specialized features to help them survive 

in these dynamic environments. Seabirds and shorebirds may also use these areas for resting 

and foraging. Intertidal reef flat areas and tide pools have more diversity and may support 

corals, macroalgae, fish, and a wide variety of invertebrates, but community development is 

limited by low tide exposure and is at elevated risk from disturbance events like cyclones and 

large waves.  

Coral Reefs 

Coral reef ecosystems extend from sea level to a depth of approximately 150 m and include both 

shallow coral reefs (SCRs; <30 m) and mesophotic coral ecosystems (MCEs; 30ï150 m; Figure 

SS.7). Shallow coral reefs are some of the most diverse habitats on the planet. Within NMSAS, 
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fringing coral reefs extend from shore, often including reef  flat terraces and shallow reef crests 

where waves break, and create extensive fore reef slope habitats (Table SS.1). These reefs house 

a high diversity of framework -building species, such as scleractinian corals and coralline algae. 

Below 30 m, light is diminished and the species composition shifts to corals, sponges, and algae 

that can tolerate low light conditions. Recent work suggests that MCEs in American Samoa have 

distinct coral community assemblages compared to shallow reefs (Montgomery et al., 2019). 

Both SCRs and MCEs serve as essential fish habitat for some economically and ecologically 

important fish species, which use these areas for spawning, breeding, feeding, and growth to 

maturity. Approximately 2,700 species have been documented on the reefs of American Samoa 

(Fenner et al., 2008a), but the actual number is likely much higher as sampling has been 

limited, particularly for invertebrates.  

Table SS.1a. Geodesic area (km2) and reef slope (m) for each NMSAS management area. SCR = 
shallow coral reef, MCE = mesophotic coral ecosystem. MCE areas are further broken down into upper 
(30ï70 m), mid (70ï110 m), and lower (110ï150 m) zones. Source: Montgomery et al., 2019 

 Aunuôu 
Island A 

Aunuôu 
Island B 

Fagalua/ 
Fogamaôa 

Fagatele 
Bay 

Taôu Swains 
Island 

MuliǕva/ 
Rose Atoll 

SCRs 2.60 2.53 0.45 0.42 1.23 1.68 1.10 

Total 
MCEs 

2.34 6.94 0.49 0.27 1.70 0.48 1.31 

Upper 
MCEs 

1.26 6.08 0.22 0.12 0.71 0.23 0.75 

Mid MCEs 1.08 0.67 0.10 0.07 0.54 0.18 0.43 

Lower 
MCEs 

0.00 0.18 0.17 0.07 0.45 0.07 0.13 

 

Table SS.1b. Mean reef slope (m; ± sd) for upper (30ï70 m), mid (70ï110 m), and lower (110ï150 m) 
MCE zones in each NMSAS management area. Source: Montgomery et al., 2019 

 Aunuôu 
Island A 

Aunuôu 
Island B 

Fagalua/ 
Fogamaôa 

Fagatele 
Bay 

Taôu Swains 
Island 

MuliǕva/ 
Rose Atoll 

Upper 
MCEs 

10.5 ± 
8.8 

3.8 ± 4.2 29.7 ± 15.1 29.5 ± 14.2 15.6 ± 8.0 50.9 ± 6.5 30.9 ± 13.8 

Mid 
MCEs 

4.9 ± 5.1 8.1 ± 6.5 35.1 ± 14.3 29.0 ± 17.1 22.7 ± 9.8 56.1 ± 7.2 42.2 ± 17.2 

Lower 
MCEs 

N/A 
29.8 ± 
16.2 

31.7 ± 17.6 27.1 ± 17.6 30.9 ± 12.3 73.7 ± 8.1 70.5 ± 8.9 
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Figure SS.7. A diver surveys the mesophotic habitat in NMSAS at a depth of approximately 90 m. Photo: 
Daniel Wagner/NOAA 

 

A total of 342 stony coral species are currently considered present or possibly present in 

American Samoa (Montgomery et al., 2019; Figure SS.8). Corals are part of the phylum 

Cnidaria, and are related to jellyfish. Coral colonies are made up of a collection of individual 

modules known as polyps. Living coral tissue secretes calcium carbonate to build the colonyôs 

skeleton. The slowest growing corals grow at a rate of 0.5ï2.5 cm yr-1 and the fastest can grow 

up to 20 cm yr-1 (Gladfelter  et al., 1978). Growth rates vary with light, temperature, nutrients, 

and aragonite saturation state (the measure of available calcium carbonate ions in seawater). 

Corals may extend their tentacles to actively feed on plankton in the water column, however in 

most shallow reef habitats, suspension feeding does not supply enough energy to sustain coral 

growth. Instead, corals rely on a highly productive symbiotic relationship with a type of single -

celled algae called zooxanthellae. These algae live inside the coral polyps, converting sunlight, 

carbon dioxide, and water into food for the coral. Most stony corals above a depth of 100ï200 m 

have zooxanthellae. This relationship is sensitive to temperature, and most reef building corals 

prefer temperatures between 73ï84ÁF. If temperatures exceed a coralôs preferred range for too 

long, the coral may expel the algae in a process known as coral bleaching. The combined loss of 

the algae and heat stress may result in death if temperatures exceed a coralôs temperature 

threshold for too long or if the temperature exceeds the coralôs thermal tolerance. 
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Figure SS.8. A coral reef at Fagatele Bay. Photo: Wendy Cover/NOAA 

 

Algae found on the coral reefs in American Samoa include zooxanthellae, microalgae, 

macroalgae, filamentous algae (turf), and coralline algae (both crustose and branching forms). 

Algae play different roles in ecosystem function and are important to the coral reef environment. 

Macroalgae and filamentous algae provide food for herbivorous fish and shelter for juvenile fish 

and invertebrates, but also compete for space with corals. Skelton and South (2007) described 

243 species of benthic macroalgae in American Samoa. Since their extensive survey, further 

species have been identified (e.g., Kraft & Saunders, 2014). While corals are the primary reef 

builders on coral reefs, other calcifiers, such as crustose coralline algae (CCA), are also very 

important to the ecosystem because they bind the reef together (Skelton, 2003; Craig, 2009) 

and provide substrate for settlement of coral larvae (Craig, 2009). Rose Atoll is known for its 

high CCA cover, which gives its slopes an incredible purple coloration. The distinctive CCA 

formations on the reef slopes at Rose Atoll are not common elsewhere in American Samoa 

(Figure SS.9). 
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Figure SS.9. Purple CCA formations at Rose Atoll. Photo: Mareike Sudek/NOAA 

 

Coral reefs in American Samoa provide habitat for over 900 species of reef fish (Wass, 1984; 

Montgomery et al., 2019) and over 1,000 known invertebrate species (ONMS, 2012). This 

includes a variety of species harvested for food, such as surgeonfish, jacks, snappers, parrotfish, 

groupers, lobsters, octopus, sea cucumbers, and giant clams. Fish and invertebrate biomass is 

generally higher in the more remote islands, presumably due to less human fishing pressure. 

Large fish like reef sharks, humphead wrasse, and groupers are rare throughout the territory 

(Fenner et al., 2008a). The lagoon at Rose Atoll was known for an exceptionally high density of 

giant clams (Green & Craig, 1999), but those numbers have declined precipitously in recent 

years (B. Peck/FWS, personal communication, 2020). Endangered green and hawksbill sea 

turtles are found on reefs throughout the territory. Coral reefs also serve as resting areas for 

resident spinner dolphin pods, and humpback whales with newborn calves are frequently 

observed near reefs from June to November. 

Pelagic Zone 

Most of American Samoaôs marine habitat is pelagic. Even though the pelagic habitat consists 

entirely of water hundreds of kil ometers wide and thousands of meters deep, it should not be 

considered to lack structure and associated ecosystem zones. There are four distinct zones: 

epipelagic (<200 m), mesopelagic (200ï1,000 m), bathypelagic (1000ï4,000 m), and 

abyssopelagic (<4,000 m). Pelagic species are closely associated with their physical and 

chemical environments, and thus, their habitat range and distribution may be significantly 

altered by oceanographic variability, like ENSO events. Some organisms migrate through pelagic 
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zones, or between pelagic and benthic habitats, during life cycle phases. Others are found in 

different zones during different activities such as migration, foraging, and reproduction 

(Garrison, 1999). 

The epipelagic zone is highly dynamic, affected by the South Equatorial Current and the South 

Equatorial Countercurrent, which display seasonal and interannual variability. These currents, 

and their resultant eddies, are affected by ENSO events (Domokos et al., 2007; Domokos, 

2009) . Only 45 pelagic fish species have been identified in this zone (Wass, 1984), including 

important pelagic fishery targets such as albacore (Thunnus alalunga ) and yellowfin tuna ( T. 

obesus), blue marlin ( Makaira nigricans ), wahoo (Acanthocybium solandri ), masimasi 

(Coryphaena hippurus ), and skipjack tuna (Katsuwonus pelamis ). Seabirds forage in these 

upper layers and some marine mammals spend most of their time in this zone.  

Thirteen species of marine mammals have been observed in American Samoan waters (Craig, 

2009). This includes two m ysticetes (baleen whales): humpback and minke whale (Utzurrum et 

al., 2006). In addition, 11 odontocetes (toothed cetaceans) are found in American Samoa: sperm 

whale, killer whale, short finned pilot whale, common bottlenose dolphin, spinner dolphin, pan -

tropical spotted dolphin, striped dolphin, rough toothed dolphin, Cuvierôs beaked whale, dwarf 

sperm whale, and false killer whale (Utzurrum et al., 2006; Johnston et al., 2008). Each year, 

from JulyïOctober, humpback whales use the waters around American Samoa for breeding and 

calving (Lindsey et al., 2016).  

The darker mesopelagic zone is a haven during the daylight hours for micronekton that 

comprise the deep scattering layer (small fish, crustaceans, and cephalopods), but these animals 

migrate to the epipelagic zone each night to feed on phytoplankton and smaller zooplankton 

found there (Domokos et al., 2007). Little is known about the bathypelagic and abyssopelagic 

zones in American Samoa. 

Seamounts and Deep Sea 

Deep ocean benthic habitats include hard, soft, and biogenic habitats at water depths below 150 

m; these are by far the largest benthic habitat by area in American Samoa. Soft sediments are 

mostly mud and sand, and are generally low in biological productivity. Deep -sea corals are 

found on hard bot tom substrate in dark waters, where temperatures range from 4ï12°C. For 

this reason, these corals are known as cold-water or deep-sea corals. Cold-water corals are also 

part of the taxonomic group Cnidaria, and are related to shallow corals. However, these corals 

lack the symbiotic algae that live in the tissues of shallow corals. Instead, cold-water corals feed 

by waiting for small food particles to flow past, then use their stinging cells to capture them. 

They also provide habitat for other species. Radiocarbon dating of deep-sea corals suggests that 

they may live for thousands of years (Roark et al., 2009). Deep-sea habitats have been poorly 

studied in American Samoa, but recent exploratory work indicates that deep-sea coral and 

sponge communities serve as fish habitat and are hotspots of biodiversity. The deep NMSAS 

units support a diverse biological community that includes deep -sea corals, crinoids, octocorals, 

and sponges (Kennedy et al., 2019; Deep Sea Coral Research and Technology Program 

[DSCRTP], 2020).  
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Biological hotspots may be found on ridgelines, near hydrothermal vents, and around 

seamounts. Seamounts are underwater volcanic mountains that rise from the seafloor and occur 

throughout all ocean basins (Wessel et al., 2010). Generally, seamounts are highly productive 

and support a rich biodiversity of organisms. Some species of bottomfish found on seamounts 

are important to commercial fisheries, such as snappers (Lutjanidae), groupers (Serranidae), 

jacks (Carangidae), and emperors (Lethrinidae). Most bottomfish are associated with hard 

substrates, holes, ledges, or caves, and are not believed to migrate between isolated seamounts. 

In comparison, highly migratory species, including bigeye and yellowfin tuna, traverse across 

the entire south Pacific basin, and are also attracted to geological features such as seamounts 

and islands (Morato et al., 2010). 

There are 48 documented seamounts within the American Samoa EEZ (Kendall & Poti, 2011) 

rising from as deep as 4,000 m (Western Pacific Regional Fishery Management Council 

[WPRFMC], 2009). Vailuluôu Seamount (Figure SS.10) is located between Manuôa and Rose 

Atoll and is the only hydrothermally active seamount within the EEZ (Koppers et al.,  2010). 

Discovered in 1975 and first mapped in 1999, Vailuluôu sits atop the active volcanic hotspot that 

created the Samoan archipelago. The caldera of Vailuluôu has risen and collapsed repeatedly 

over time and currently sits at about 708 m below the water 's surface. Between 2001 and 2005, 

a new cone formed in the middle of the crater and was named Nafanua (after the Samoan 

goddess of war). Researchers have estimated that if activity continues at the observed rate, the 

seamount could eventually breach the surface within decades, forming a new island in the 

Samoan island chain (Staudigel et al., 2006). Vailuluôu supports a diverse biological community 

including polychaetes, crinoids, octocorals, sponges, and cutthroat eels (Staudigel et al., 2006). 

Malulu Seamount is located near Vailuluôu, but much less is known about this seamount. It is 

very deep, extending from 2,400 m to 4,800 m in depth (Seamount Biogeosciences Network, 

2022). 

 

Figure SS.10. Multibeam sonar image of the Vailuluôu seamount in 2017, showing the Nafanua cone 
inside the crater. The triangular shape in the image is the ñbeam fanò from the multibeam sonar, which 
provides an image of the backscatter in the water column. The feature snaking up from the bottom of the 
crater, shown within the beam fan, is a gaseous plume emanating from the crater floor. The legend 
provides depth in meters for the bathymetry shown. The caldera currently sits at a depth of about 708 m. 
Image: NOAA 
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Maritime Heritage Resources 

Maritime heritage resources can provide insight on specific portions of American Samoan 

history and serve as windows to the past, though few specific surveys for heritage sites have been 

conducted. In general, known and potential maritime heritage resources in American Samoa fall 

into five categories: 

1. Historical shipwrecksð35 reported lost; two located/assessed 

2. World War II naval aircraft ð43 lost between 1942ï1944; none located 

3. World War II fortifications, gun emplacements, and coastal pillboxes ðmultiple sites 

assessed, but none reported in NMSAS 

4. Archaeological sitesðmore than fifty coastal/nearshore archaeological sites or features 

were identified following the 2009 tsunami, including coastal settlements, stone tool 

manufacturing sites, and isolated artifact scatters (Addison et al., 2010) 

5. Marine/coastal natural resources associated with the legends and folklore of American 

Samoaðdescribed by the American Samoa Historic Preservation Office as sites ñof 

extraordinary significance to Samoan cultureò (Volk et al., 1992, p. 32)  

Sanctuary Units 

The sanctuary includes six discrete units that have unique habitats and varying regulations (see 

Table R.1 and Table R.2 in the Response section for further information). These units are 

Fagatele Bay, Fagalua/Fogamaôa, Aunuôu, Taôu, Swains Island, and Muliƃva. 

Fagatele Bay 

The Fagatele Bay unit is a 0.65 km2 coastal embayment that extends from Fagatele Point to 

Steps Point along the southwestern coast of Tutuila Island (Figure SS.11, Figure SS.12). This 

naturally protected bay was formed by a collapsed volcanic crater and is surrounded by steep, 

forested cliffs. It was designated as a national marine sanctuary in 1986 to protect its extensive 

coral reef ecosystem. In 2012, Fagatele Bay was declared a no-take marine protected area 

(ONMS, 2012), and as such, fishing and other extractive uses are not allowed. Activities that are 

allowed include non-extractive research, education, and recreation (see Table R.1 and Table R.2 

in the Response section for further information). The shore of Fagatele Bay was the site of a 

historical coastal village from prehistoric times to the 1950s, but at present, no human 

settlement exists near the shoreline.  
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Figure SS.11. The Fagatele Bay and Fagalua/Fogamaôa units are located on the island of Tutuila. Aunuôu 
is approximately 1.9 km southeast of Tutuila and includes two zonesða Multiple Use Zone (A) and a 
Research Zone (B). Image: Tony Reyer/NOAA 

 

 

Figure SS.12. In 1986, NOAA established Fagatele Bay as a national marine sanctuary in order to 
protect and preserve the 0.65 km2 of coral reef ecosystem within the bay. Photo: Matt McIntosh/NOAA 
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Fagalua/Fogamaôa 

Fagalua/Fogamaôa unit is a 1.2 km2 bay on the southwest shore of Tutuila, just east of Fagatele 

Bay (Figure SS.13). Fagalua and Fogamaôa coves make up the inner western portion of the entire 

bay area, which extends from Steps Point to Sail Point Rock. Like Fagatele Bay, 

Fagalua/Fogamaôa was formed by a flooded volcanic crater and is surrounded by steep, forested 

cliffs. The importance of the relationship between this bay and the surrounding environment is 

comparable to Fagatele Bay, with both bays having high coral cover, as well as many different 

types of coral and fish species. Thus, this area provides additional protection for and increases 

resilience of these important coral reef ecosystems, and also creates additional opportunities for 

scientific research (ONMS, 2012). A variety of activities are allowed in the Fagalua/Fogamaôa 

unit, including research, education, recreation, hook -and-line fishing, cast nets, spearfishing 

(non-scuba-assisted), and traditional methods used for sustenance and cultural purposes such 

as gleaning, enu, and ola (traditional basket fishing; see Table R.1 and Table R.2 in the Response 

section for further information). The Turtle and Shark Lodge is fou nd on the cliffs of Fogamaôa 

alongside a few scattered houses and plantations, but otherwise no settlements are found on the 

shore of Fagalua/Fogamaôa bay.  

 

Figure SS.13. Fagalua/Fogamaôa was formed by a flooded volcanic crater and is surrounded by steep, 
forested cliffs. Photo: Michelle A. Johnston/NOAA  
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Aunuôu 

Aunuôu is a small, volcanic island approximately 2 km southeast of Tutuila with a land area of 

1.5 km2. The Aunuôu unit encompasses 15 km2 and borders the island on three sides. The unit 

consists of coral reef, pelagic, and deep-sea habitat, including extensive mesophotic habitat. 

Based on limited survey data, the coral cover and number of species present in the Aunuôu 

sanctuary unit is generally moderate compared to other areas around Aunuôu.  

The Aunuôu unit includes two zonesða Multiple Use Zone (4.9 km2) and a Research Zone (10.1 

km2; Figure SS.14). The Multiple Use Zone is located on the southern side of the island, near the 

village. All owed activities in the Multiple Use Zone  include research, education, and recreation. 

Hook-and-line fishing, casting nets, spearfishing (non-scuba-assisted), and other non-

destructive fishing methods, including those traditionally used for sustenance and c ultural 

purposes, such as gleaning, enu, and ola (traditional basket fishing), are also permitted (see 

Table R.1 and Table R.2 in the Response section for further information). The Research Zone is 

located on the eastern side of the island. Allowed activities in the research zone include research, 

education, recreation, and surface fishing for pelagic species, including fishing by trolling. 

Bottom fishing, trawling, and fishing for bottom -dwelling species are prohibited in the Research 

Zone (see Table R.1 and Table R.2 in the Response section for further information).  

The island of Aunuôu is home to one small village with a population of 402 (U.S. Census Bureau, 

2021). The sanctuary unit is of high ecological and cultural significance for local residents, who 

commonly use the area for subsistence fishing.  
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Figure SS.14. Dolphins are frequently observed within NMSAS, including this pod in the Aunuôu 
Research Zone. Photo: Ed Lyman/NOAA  
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Taôu 

Taôu, part of the Manuôa island group, is a volcanic island located approximately 112 km east of 

Tutuila Island (Figure SS.15). Taôu is ringed by extremely steep sea cliffs and a steeply sloped 

seafloor. The island has a south-facing embayment, the result of collapse of and landslides from 

the remnants of a southern caldera similar to the Fagatele Bay formation. The Taôu unit 

encompasses 37.8 km2 and includes waters from Vaita Point to Siôufaôalele Point along the 

western coast, and from Siôufaôalele Point to Siôu Point along the southern coast (Figure SS.16). 

The inner sanctuary boundary along the southern coast is adjacent to, but does not include, the 

nearshore waters of the National Park of American Samoa, which extend 0.46 km from shore. 

The Taôu unit includes the ñValley of the Giants,ò home to many large Porites corals. Among 

these is Big Momma, which is more than 500 years old, with a height greater than six m and a 

circumference of 41 m (Figure SS.17; Brown et al., 2009; Tangri et al., 2018). It is one of the 

largest recorded coral colonies in the world. 

Activities allowed in the Taôu unit include research, education, recreation, hook-and-line fishing, 

cast nets, spearfishing (non-scuba-assisted), and other non-destructive fishing methods, 

including those traditionally used for sustenance and cultural purposes (see Table R.1 and Table 

R.2 in the Response section for further information). The island of Taôu is home to 553 people 

(U.S. Census Bureau, 2021). 

 

Figure SS.15. Map of the Taôu unit. Image: Tony Reyer/NOAA 
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Figure SS.16. The coast of Taôu Island. Photo: Nerelle Que Moffitt/NOAA 

 

 

Figure SS.17. Giant Porites coral, known as Big Momma, is located in the waters off of Taôu, American 
Samoa. Photo: XL Catlin Seaview Survey 
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Swains Island 

Swains Island is a privately owned, low-lying emergent seamount and coral atoll located about 

350 km northwest of Tutuila. It is geologically  part of the Tokelau volcanic island group and not 

the Samoan volcanic chain. The Swains Island unit encompasses 135.5 km2 of territorial waters 

(Figure SS.18, Figure SS.20). Swains Island is approximately 2.4 km in diameter, with 

approximately 2.6 km 2 of highly vegetated land that has a maximum elevation of 1.8 m above 

sea level. The coral reef area is small and has a steep slope. The reef is dominated by Pocillopora 

and plating  Montipora  corals and large schools of predators, mostly barracudas, jacks, and 

snappers, can be encountered.  

Activities allowed in the Swains Island unit include research, education, recreation, hook -and-

line fishing, cast nets, spearfishing (non-scuba-assisted), and other non-destructive fishing 

methods including those traditi onally used for sustenance and cultural purposes such as 

gleaning, enu, and ola (see Table R.1 and Table R.2 in the Response section for further 

information). Swains Island, initially known as Olosega, has a unique history of human 

occupation, but the island has been uninhabited since 2008 (Van Tilburg et al., 2013). In 2013, 

ONMS, along with partner agencies and institutions, conducted an eight-day on-island 

multidisciplinary survey of Swains Island. The field work focused on the unique environmental 

setting (including a survey of the geomorphology of the atoll) and past cultural heritage 

resources of the island (including a maritime archaeology survey to identify historic and 

prehistoric maritime heritage resources; Van Tilburg et al., 2013).  

 

Figure SS.18. Map of the Swains Island unit. Image: Tony Reyer/NOAA  
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Figure SS.19. Swains Island is a low-lying coral atoll and is the most remote of the NMSAS units. Photo: 
Nerelle Que Moffitt/NOAA 

 

MuliǕva 

The Muliƃva unit is the largest NMSAS unit, encompassing 34,985 km2. It includes the marine 

waters of Rose Atoll Marine National Monument, as well as the waters surrounding Vailuluôu 

Seamount, a submerged volcanic cone and the only hydrothermally active seamount within the 

American Samoa EEZ. Rose Atoll National Wildlife Refuge lies within the center of Muliƃva unit 

and includes the lagoon and islands within Rose Atoll. The refuge is managed by the U.S. Fish 

and Wildlife Service and is not part of NMSAS. The sanctuary begins at the mean low water 

mark on the outside of the lagoon and includes the outer reef slopes and deep-sea habitat 

around the atoll (Figure SS.20ïFigure SS.22). Rose Atoll is approximately 240 km east-

southeast of Tutuila Islandôs Pago Pago Harbor. It is the easternmost Samoan island and the 

southernmost point of the United States. One of the smallest atolls in the world, Rose Atoll 

consists of about 0.08 km2 of land and 6.5 km2 of lagoon surrounded by a narrow reef flat 

(ONMS, 2012).  

Rose Atoll, also known as Motu o Manu (island of the birds) or  Nuôu o Manu (village of the 

birds) is a distinct environment within the archipelago. The lagoon at Rose Atoll supports the 

highest densities of giant clams in the Samoan archipelago, and Rose Island is an important site 

for green turtle and seabird nesting in American Samoa. The outer reefs of the atoll are 

characterized by very high CCA cover and large numbers of fish. The atoll is positioned 

upstream in the South Equatorial Current relative to the rest of the Samoan archipelago and 
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therefore may be an important larval source for the territory (Kendall & Poti, 2011). The name 

Muliƃva means ñthe end of the currentò and refers to the marine waters around Rose Atoll. In 

addition to Rose Atoll, the Muliƃva unit also includes vast deep-sea areas, as well as the 

submerged volcanic Vailuluôu Seamount, which is outside of Rose Atoll Marine National 

Monument boundaries but within NMSAS boundaries (Figure SS.22).  

Fishing in Rose Atoll Marine National Monument is regulated by NOAA Fisheries, U.S. Fish and 

Wildlife Service, and the American Samoa government. Commercial fishing is prohibited within 

the monument, and in 2013, NOAA Fisheries enacted additional regulations that prohibited all 

fishing within 22 km of Rose Atoll unless authorized by a permit for s ustenance or recreational 

fishing (78 Fed. Reg. 32996 [Jun 3, 2013]). Activities allowed in the area include research, 

education, recreation, and limited fishing with a permit (see Table R.1 and Table R.2 in the 

Response section for further information).  

 

Figure SS.20. The MuliǕva unit includes the marine waters of Rose Atoll Marine National Monument and 
the Vailuluôu Seamount. Image: Tony Reyer/NOAA 
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Figure SS.21. Aerial view of Rose Island, surrounded by a shallow sandy lagoon and deep reef slope on 
the outside of the lagoon. Photo: Tamiano Gurr/American Samoa Visitors Bureau 

 

 

Figure SS.22. Gas bubbles rise from a hydrothermal vent at Vailuluôu Seamount, observed by Ocean 
Exploration Trustôs E/V Nautilus in July 2019. Photo: Ocean Exploration Trust/NOAA 
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Drivers on the Sanctuary 

 

For the purposes of condition reports, drivers are defined as societal values, policies, and 

socioeconomic factors that influence different human  uses of the ecosystem. Drivers can 

influence the condition, or state, of the environment, creating both negative results, considered 

pressures, and positive results that benefit the environment. Drivers can result in pressures that 

affect the condition, or state, of the environment. They help us understand the forces behind 

pressures and are the ultimate cause of anthropogenic changes in ecosystems. Further, drivers 

may be local, regional, national, or global in scale. Because the most influential drivers originate 

and operate at large geographic scales, this section begins with a broad focus on drivers, 

followed by a more locally focused discussion of pressures that directly affect water, habitat, 

living resources, and maritime heritage resources in National Marine Sanctuary of American 

Samoa (NMSAS). Trends in drivers and pressures support the assessment of these resources 

and can aid in forecasting the direction and influence of future pressures.  

Pressures may be affected by one or more driving forces, which often affect multiple pressures. 

The most influential drivers of pressures at NMSAS are shown in Table DP.1 and are integrated 

into discussions of each pressure. Table DP.1 shows the relationships between drivers and 

pressures.  
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Table D.1. Driving forces and their relationship to pressures that affect NMSAS resources. Bullets indicate a relationship between a given driver and pressure. 
Each cell with a bullet indicates that the driver in the row affects the corresponding pressure in the column. The geographic scales at which different drivers 
originate to affect pressures are also shown (G = global, N = national, R = regional, L = local). See text below for explanations of specific drivers and pressures.  
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Government 
Relationships 

N, R, L  Å Å Å Å   Å  Å 

Traditional 
Management 

L  Å Å     Å  Å 

Population G, N, R, L Å Å Å Å Å Å Å Å Å Å 

Per Capita Income G, N, R, L Å Å Å Å Å Å Å Å Å  

Fuel Prices G, N, R, L Å Å    Å Å Å   

Demand for Seafood G, N, R, L Å Å  Å Å Å Å Å Å  

Technological 
Advancement 
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Societal Values/ 
Conservation Ethic 
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Drivers operate at different, and sometimes multiple, scales, including global, national, regional, 

and local. Most affect demand for resources (e.g., government relationships, per capita income, 

fuel prices, etc.) and, thus, levels of activities (e.g., coastal development, fishing, visitation) that 

alter resource conditions. Some drivers, like the gross domestic product (GDP) of foreign 

countries, have global influence. Among other things, GDP affects global demand for seafood 

and commercial fishing pressure. Local drivers, on the other hand, are those that originate from 

and influence the NMSAS ñlocal economyò (sometimes called the ñstudy areaò or ñsanctuary 

economyò). This area is identified by first including villages adjacent to NMSAS boundaries, 

then working with NMSAS leadership to determine the spatial footprint of localized 

socioeconomic contributions stemming from the use of sanctuary resources. These 

contributions include income, jobs, and economic output, all of which respond to changes in 

resource conditions that are influenced by changing pressures. 

Some drivers influence the supply of or access to resources. These stem mostly from 

management and policy actions, whether local, state, tribal, national, or international, and may 

increase or decrease the pressures on resources. Some, such as relationships established and 

dictated through treaties, create cooperative management approaches that can preempt 

pressures (e.g., cooperative fisheries management, preparation of oil spill response plans). 

Importantly, these drivers also exemplify a concept frequent ly expressed by Indigenous peoples, 

namely the reciprocal relationship between people and the environment. This originates from 

Indigenous peoplesô sense of oneness with nature and emphasizes the mutual roles of both in 

supporting each other. Advocates of the modern conservation movement will recognize this as a 

foundational aspect of their efforts as well. In this way, both can be considered ñpositiveò 

drivers.  

It is important to consider NOAA and ONMS mandates as institutional drivers. Starting with 

federal agencies' basic obligation of public service, each employee has an oath-bound 

responsibility to the United States government and its citizens to display loyalty to the 

Constitution, laws, and ethical principles (5 C.F.R. § 2635.101). This includes fulfilling the 

responsibilities outlined in the National Marine Sanctuaries Act (16 U.S.C. § 1431), which: 

ñestablishes areas of the marine environment [that] have special conservation, recreational, 

ecological, historical, cultural, archeological, scientific,  educational, or esthetic qualities as 

national marine sanctuaries managed as the National Marine Sanctuary System willð(A) 

improve the conservation, understanding, management, and wise and sustainable use of 

marine resources; (B) enhance public awareness, understanding, and appreciation of the 

marine environment; and (C) maintain for future generations the habitat, and ecological 

services, of the natural assemblage of living resources that inhabit these areas.ò 

This guiding language ensures that the National Marine Sanctuary System acts in a manner to 

improve conservation and management for generations to come. 

NMSAS was expanded in response to the American Samoa governors Tauese Sunia and Togiola 

Tulafono committing to the goal of setting aside 20% of coral reef habitat within the territory for 

long-term protection. Additionally, Presidential Proclamation 8337 stated that ñ[t]he Secretary 

of Commerce shall initiate the process to add the marine areas ofé[Rose Atoll Marine National 
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Monument] toéFagatele Bay National Marine Sanctuary in accordance with the National 

Marine Sanctuaries Actò (74 Fed. Reg. 1577 [Jan 12, 2009]).  

This section provides an overview of several key drivers; the discussion below is not an 

exhaustive list of all drivers affecting NMSAS.  

Government Relationships 

Samoans are known as people who share a common language and a 3,000-year-old cultural 

code. A significant difference between Samoa and American Samoa is how the people are 

governed. Samoa is an independent nation with its head of state, while American Samoa is a 

self-governing territory of the U.S. American Samoans are classified as U.S. nationals rather 

than U.S. citizens.  

American Samoa has an intergovernmental relationship with Samoa to collaborate effectively on 

shared environmental concerns. As part of a shared environmental agenda, the leaders of these 

two jurisdictions hold an annual forum to discuss areas of common interest (e.g., trade, health, 

education, communication and technology, fisheries, agriculture, food security,  enforcement). 

This partnership allows both governments to collaborate and share information. This 

cooperation among peoples to ensure continued conservation, stewardship, and adaptation to 

environmental challenges may be considered a positive driver.  

Traditional Management and Governance Structure of 

American Samoa 

The government of American Samoa is based on the United States party system, while honoring 

the Faôa Samoa traditional village protocol, also known as the matai system (council of chiefs). 

This system is relevant at all levels of Samoan lifeðfrom the family, to the village, to the 

government. The matai (chiefs) are chosen by consensus of the fono (a group composed of 

matai) of the extended family and village(s) concerned. The matai and the fono decide on the 

distribution of family exchanges and the tenancy of communal lands; the majority of lands in 

American Samoa are communal. A matai can represent a small family group or a great extended 

family that reaches across islands and to both American Samoa and Samoa. 

Faôa Samoa, the Samoan way of life, emphasizes loyalty to family, respect for oneôs elders, and a 

commitment to serving the community, which is considered vitally important. For example, a 

seasonal village marine protected area may be guided and overseen by the council of chiefs. The 

village protected area is allowed to open for a short period to support village events or special 

occasions. The government is also informed of these arrangements and provides scientific and 

technical support, i ncluding data analysis. Since the local people control communal lands and 

waters, conservation and stewardship are entrusted with those who have an extended 

relationship with these areas across generations and space. This approach promotes more 

responsive and localized monitoring of the resources, promoting community well -being, 

continued cultural engagement, and environmental health of the sanctuary and surrounding 

waters. 
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Population and Per Capita Income 

International and domestic demand for goods and services at all scales, ranging from local to 

global, is directly tied to changes in population and real per capita income. It is and will remain 

a ubiquitous, primary driver of pressures on sanctuary resources. For example, as income or 

population increases, demand for goods like clothes, technology, and other consumer goods also 

increases. Because the majority of these goods are imported to American Samoa, higher demand 

for goods can increase vessel traffic. On the other hand, declines in income or population may 

have the opposite effect.  

From 2010ï2020, the population of American Samoa decreased by 10.5% from 55,519 to 49,710 

people (U.S. Census Bureau, 2021). In 2010,2 annual per capita income in American Samoa was 

$6,311 and the poverty rate was 57.8% (ASDOC, 2018). A relatively high poverty rate in a place 

with strong cultural linkages to ancestral practices may result in higher reliance on subsistence 

harvest to meet nutritional needs. If not managed sustainably, subsistence harvest could become 

a significant pressure on resources. 

Fuel Prices 

Fuel prices are an important, and often immediate, driver of many ocean activities. Ocean users 

consider fuel prices in their decisions about whether to conduct activities like commercial 

fishing, buy and register boats for ocean recreation, or explore for offshore oil and gas (and in 

the longer term, install offshore renewable energy facilities). Figure DP.1 shows the average 

retail price for unleaded gasoline from  2007ï2019 (ASDOC, 2018; ASDOC, 2019). Gasoline 

prices declined from 2014ï2017, indicating that the cost of recreational and commercial 

activities within the sanctuary that utilize fuel were also likely declining. Lower activity cost may 

result in increased activities and thus pressure on sanctuary resources. 

 
2 2020 per capita income and poverty rate data for American Samoa were not available at the time of 
publication.  
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Figure DP.1. Average retail price for unleaded gasoline in American Samoa from 2007 to 2019. Source: 
ASDOC, 2018, 2019 

 

Demand for Seafood 

As global and domestic demand for seafood grows, effective management of wild-caught fish 

and continued expansion of aquaculture will be required (NOAA Fisheries, 2020a). Yet, while 

these approaches are needed to meet demand, they may also lead to increased pressures on 

resources and ecosystems. While this section considers global and national demand, local and 

regional markets are likely to be affected and face increased pressures to meet global and 

national demands. Further, as prices fluctuate locally, this may change the willingness of 

commercial fishers to expend time and resources targeting specific species. For example, if the 

price of tuna increases while the price of surgeonfish stays the same, more effort may shift to 

harvesting tuna. For more information on harvest revenue and landings of species within 

NM SAS, see the Commercial Harvest section of this report. 

The tuna canning industry plays a significant role in American Samoaôs economy and trade. 

Processed tuna accounted for over 88% of exports to the United States from 1995 to 2018. The 

industry also pro vides direct and indirect benefits to transportation, warehousing, retail, 

wholesale, and construction industries and may offset the costs of shipping, transportation, and 

energy for the territory (U.S. Government Accountability Office, 2020). American Samoa's tuna 

canning industry faces multiple challenges, including increased competition and minimum wage 

increases, which led to cannery closures in 2018. The impact of the canneries completely closing 

would be significant, as canneries employ 14% of American Samoaôs workforce (as of 2018; U.S. 

Government Accountability Office, 2020). Additionally, transportation, energy, and utility costs 

would rise because the canneries would no longer be available to share those costs.  
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Technological Advancement 

Technological advancement may be viewed as either a positive and negative driver depending on 

the technology and what it promotes. For example, requirements for seafloor mapping may act 

as a positive driver by increasing knowledge and awareness of sensitive habitats and refining our 

understanding of species distributions. Significant efforts to increase seafloor mapping in 

NMSAS by vessels, such as the NOAA Ship Okeanos Explorer and the E/V Nautilus , have taken 

place in the past decade. Seafloor mapping may identify previously unknown deposits of 

resources, which could increase pressures to extract those resources. Advancements in fishing 

technology in the past have increased harvests while decreasing the effort needed to catch fish. 

Improvements in fishing gear technology can also reduce bycatch of sensitive species. 

Advancements in autonomous vehicles have helped to estimate fish abundance to promote 

sustainable fishing while reducing risks to human health and fish (NOAA Fisheries, 2020b).  

Societal Values and Practices 

Public access to beaches in American Samoa, and consequently the marine ecosystem, is under 

the purview of the village or individual families that reside adjacent to the water and public 

places. One must obtain permission or approval for access out of respect and courtesy. These 

families are the caretakers of these special places and help to maintain and safeguard them for 

current and future generations. This community -based approach to resource management helps 

to reduce pressures and identify changing conditions more rapidly.  

The relationship between the peoples of Samoa and American Samoa may also provide a mix of 

positive and negative influences on drivers. This relationship exemplifies the longstanding 

connections between Samoa and American Samoa through trade of fish and the exportation of 

other foods based upon need (e.g., in response to tsunamis or other disasters). As a societal 

value, the desire to ensure food security across the region is a driver, as is the sharing of 

knowledge.  

Another example of societal values that reduce fishing pressure is the belief that one does not 

play with their food. As such, participation in recreational activities on reefs is not common 

among native Samoans (Levine et al., 2016). In addition, NMSAS promotes awareness of 

allowable and responsible fishing practices within the sanctuary by bringing together and 

educating local fishing groups.  

For places like American Samoa that have long-standing and vibrant Indigenous cultures, the 

associated cultural practices of communities are, collectively, a driver that may exert positive 

and/or negative impacts on resources. Religion significantly influences the Samoan way of life 

and society. Ceremonial events such as a church dedication or a death in the family may result in 

temporary pressures caused by more people fishing within the community. Most cultural 

practices in Indigenous cultures tend to reflect deep connections between people and the 

resources they depend on, and care is generally taken to moderate impacts while still respecting 

long-held traditions.  
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Ocean Policy 

The U.S. is party to numerous agreements that have established international entities composed 

of member governments that focus on various topics, ranging from managing shipping 

(International Maritime Organization), global whale stocks (International Whaling 

Commission), fisheries (Inter -American Tropical Tuna Commission , Western and Central 

Pacific Fisheries Commission, etc.), and oil spill response (Pacific Ocean Pollution Prevention 

Programme).  

Since 2010, the United States has had an ocean policy, first through Executive Order 13547 

(2010) and later replaced with Executive Order 13840 (2018). While the primary focus differs 

between these policies, both emphasize improving cross-agency coordination on management of 

the ocean and its resources, as well as access to data. Mapping the seafloor is a priority, as it will 

enhance navigation and development of the blue economy. Furthermore, a 2019 presidential 

memorandum set forth a strategy for mapping, exploring, and characterizing the U.S. EEZ 

through enhanced collaboration (86 Fed. Reg. 64699 [Nov 22, 2019]). The American Samoa 

Ocean Plan (Department of Port Administration, 2018) was an outcome of this executive order 

and includes the first spati al plan to be completed by the U.S. for its jurisdictions in the Pacific 

Ocean. 

In 2009, President George W. Bush established Rose Atoll Marine National Monument through 

Presidential Proclamation 8337 (74 Fed. Reg. 1577 [Jan 12, 2009]). The proclamation banned 

commercial fishing within the monument, but does allow for limited subsistence and 

recreational fishing with a permit from NOAA Fisheries. This proclamation also directed the 

Secretary of Commerce to initiate the process to add the marine areas of the monument to 

Fagatele Bay National Marine Sanctuary. These areas became part of NMSAS 2012 and provide 

an example of ocean policy contributing to conservation and stewardship. 
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Pressures on Sanctuary Resources 

 

Human activities and natural processes affect the condition of natural, cultural, and maritime 

heritage resources in national marine sanctuaries. The following section discusses the nature 

and extent of the most prominent human influences upon NMSAS, including i mpacts from 

accelerated climate change, fishing, pollution, marine debris, vessel groundings, visitor use, 

scientific and management activities, and nuisance species outbreaks. 

Accelerated Climate Change and Ocean Acidification 

Rising ocean temperatures associated with climate change were recognized as a pressure on 

coral reef ecosystems in Fagatele Bay in the 2007 condition report (National Marine Sanctuary 

Program, 2007). Ocean temperatures have continued to increase, and ocean acidification and 

stratific ation, increasing storm intensity, and rising sea levels are now known to affect marine 

ecosystems across the entire sanctuary. Pacific Islands are among the most vulnerable areas in 

the world to the predicted effects of climate change (Mimura et al., 2007 ; Howes et al., 2018).  

Sea Surface Temperature 

Since the 1970s, sea surface temperatures in the Pacific Islands region have been increasing and 

are projected to continue increasing over the next century (Howes et al., 2018; Coral Reef 

Watch, 2021; Keener et al., 2021). Elevated water temperature is a well-known trigger for coral 

bleaching, a phenomenon where corals lose their colorful zooxanthellae, revealing their white 

skeleton in a process known as coral bleaching. Bleaching can be caused by short-term exposure 

(1ï2 days) to temperature elevations of 3ï4°C above ambient conditions, or by long-term 

exposure (weeks) to elevations of only 1ï2°C. Depending on the severity of bleaching, 

zooxanthellae may repopulate and corals can survive. However, when high temperature stress 

occurs over extended periods, corals suffer high mortality, as observed during several mass 

bleaching events throughout the tropics (Glynn, 1984; Eakin et al., 2010; Eakin et al., 2019; 

Skirving et al., 2019). In American Samoa, mortality  due to coral bleaching was documented in 

1994 (Goreau & Hayes, 1994) and observed in 2002 and 2003 (Craig et al., 2005). Mass 

mortality of staghorn corals was documented at Airport Pools reef on Tutuila during a 2015 

bleaching event (Department of Marine and Wildlife Resources, 2015; XL Catlin Seaview 

Survey, 2015; Figure DP.2). Since 2005, bleaching around Tutuila has been documented in 

shallow back reef pools nearly every summer, but until 2015 it had only caused minimal 

mortality (Fenner & Heron, 2009; Fenner, 2019). Widespread bleaching events were 

documented in 2015, 2017, and 2020 (Coward, et al., 2021; McCoy, et al., 2016; Vargas-Ángel et 

al., 2019; NMSAS, 2020b). 
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Figure DP.2. Time series of staghorn corals at Airport Pools reef on Tutuila during the 2015 coral 
bleaching event. Photos: Underwater Earth/XL Catlin Seaview Survey 

 

Disease 

Epizootics are predicted to increase with climate warming (Harvell et al., 2002), and many coral 

diseases have been linked to increasing ocean temperatures (Randall & Van Woesik, 2015; 

Howells et al., 2020; Aeby et al., 2020). Even on a small scale, disease can alter community 

structure, reduce reproductive output, and decrease coral cover (Hughes, 1994; Kim & Harvell, 

2004). Several diseases of corals and crustose coralline algae (CCA) have been documented in 

NMSAS. Coralline lethal orange disease, a bacterial infection that affects CCA (Littler & Littler, 

1995), was found to be more prevalent in Fagatele Bay than in other sites examined around 

Tutuila (Aeby et al., 2008; Vargas-Ángel et al., 2019). A black fungal infection affecting CCA has 

also been reported in American Samoa (Littler & Littler, 1998). White syndrome, a general term 

used to describe coral disease lesions, is characterized by rapid tissue loss and a distinct lesion 

boundary between apparently healthy tissue and exposed white skeleton (Sussman et al., 2008) 

and is one of the most common coral diseases around Tutuila (Aeby et al., 2008). This disease 

can be very virulent and can result in acute tissue loss (Roff et al., 2011). Acropora table corals 

in American Samoa can display growth anomalies (hyperplasia) with distorted, tumor -like 

growths on the surface of the coral (Work et al., 2008a). This disease affects numerous table 

corals in Fagatele Bay. Over 35 coral diseases may be present in American Samoa, but many 

have not been fully investigated (Fenner, 2013a). A possible cyanobacterial disease has recently 

been reported in Ofu Pools (Manuôa islands), but appears to progress slowly and be influenced 

by temperature (D. Fenner/NOAA, personal communication, 2019; K. Nalasere, personal 

communicat ion, February 24, 2021).  

Ocean Acidification 

Corals and other calcifying organisms, including certain types of phytoplankton, coralline algae, 

crustaceans, mollusks, echinoderms, and other taxa, are threatened by ocean acidification, 
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which results in a reduction of the pH of ocean water due to uptake of increased atmospheric 

carbon dioxide (Caldeira & Wickett, 2003). Acidified waters compromise calcium carbonate 

accretion and therefore directly affect the ability of these organisms to secrete their calcareous 

skeletal structures (Orr et al., 2005; Fabry et al., 2008). Aragonite saturation state is directly 

linked to this process and is an important metric for assessing ocean acidification on coral reefs. 

Calcium carbonate accretion (i.e., coral calcification) declines at aragonite saturation values 

below 3.3 (Hoegh-Guldberg et al., 2007). In 2018, NOAAôs Pacific Islands Fisheries Science 

Center (PIFSC) Ecosystem Services Division (ESD) reported near-optimum aragonite saturation 

states across the American Samoa archipelago (Vargas-Ángel et al., 2019). However, ocean 

acidification scenarios predict detrimental conditions for calcifying organisms that could lead to 

widespread changes in marine ecosystems (Orr et al., 2005; Hoegh-Guldberg et al., 2007; Fabry 

et al., 2008). Ocean acidification does not just affect calcifying organisms. Lowered pH may 

alter the behavior of larval fish and invertebrates, influence settlement success due to changes in 

suitable settlement substrate, and alter larval development and/or energy budgets (Espinel-

Velasco et al., 2018). 

Shifting Processes 

Rising temperatures are also shifting oceanographic processes that control ocean currents and 

mixing at both local and global scales. One potential impact is water column stratification. As 

surface temperatures increase and the ocean absorbs more heat energy, the upper layers warm 

more quickly and create sheets of warm water that reduce mixing between layers and block 

cycling of oxygen, carbon, nutrients, and heat within the water column. Str atification has 

increased globally by 5.3% since 1960 (Li et al., 2020). Most of the increase (~71%) occurred in 

the upper 200 m of the ocean and was largely influenced by temperature changes (>90%). 

Salinity 

Salinity changes may play an important role at local scales. Ocean regions are connected by large 

thermohaline currents that transfer oxygen and nutrients from the poles toward the equator. 

American Samoa lies within the Pacific meridional overturning circulation (PMOC). North of 

American Samoa, the geological feature known as the Samoan Passage is an important conduit 

and mixing zone for these currents that move from Antarctica to the North Pacific (Roemmich et 

al., 1996; Voet et al., 2015). Recent studies have indicated that the PMOC is changing both in 

strength and temperature as surplus heat associated with climate change is reaching the deep 

ocean. Voet et al. (2016) assessed the abyssal flow through the Samoan Passage in 2012ï2013. 

Over the past two decades, volume transport decreased by about 0.6 Sv (10%), and water 

temperature increased by 0.001°C/yr . This is consistent with numerical simulations that 

demonstrate the possibility of a slowing meridional overturning circulation due to climate 

change (Schmittner et al., 2005). It is unknown if this s hift is already affecting deep-sea 

communities, but it could have significant implications for deep -sea habitats throughout 

NMSAS and the broader region in the coming years.  

Cyclones 

American Samoa is susceptible to tropical cyclones during the austral (southern) summer from 

November to April. In 1990, 1991, 2004, 2005, and 2018, cyclones caused damage to coral reefs 
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in American Samoa (Figure DP.3). Impacts included large amounts of coral rubble and 

redistributed sediments in shallow water in affected areas. As a result of climate change, storms 

are predicted to decrease in frequency, but increase in intensity (Howes et al., 2018; Knutson et 

al., 2020; Keener et al., 2021), providing an additional challenge to maintaining high coral cover 

in the future. In addition, rainfall is expected to increase by up to 10%, particularly during 

episodic heavy rain events such as cyclones and monsoons (ONMS, 2020a). These processes are 

infrequent and influenced by a number of factors including the El Niño Southern Oscilla tion 

(ENSO) and other complex ocean-atmospheric interactions, so it is difficult to determine if these 

have been affected by climate change. Fifty-three tropical cyclones have passed within 370 km of 

Tutuila since 1959 (Office for Coastal Management [OCM], 2020).   

Impacts to Heritage Resources 

While only a few tangible heritage properties have been located within NMSAS boundaries, 

intangible heritage resources, including practices, traditions, belief systems, and Samoan 

knowledge related to the marine environment, exist within the sanctuary. These practices are 

threatened by climate change impacts, including ocean acidification, sea level rise, increased 

water temperatures, and increased storm intensity. Threats to culturally valued species (e.g., 

corals, fish, and invertebrates) from changing environmental conditions may negatively impact 

community valuation of offshore areas and the local environment, while more intense storm 

activity has the potential to affect human on -water activities such as boating, fishing, or 

gathering.  

Cultural heritage and sense of place are intertwined; social roles and customs rely on strong 

attachments to specific locations. Climate change threatens these attachments in many ways, 

including direct destruction of coastal sites, weakening of social bonds as people relocate to 

avoid climate impacts, and loss of traditions as coastal access and resources change (Peau et al., 

2022). The fautasi (Samoan long boat) race held on flag day in April, for example, may be 

threatened by more intense storms, as boats are vulnerable to cyclone impacts. Novel weather 

patterns and altered seasonality as a whole present similar concerns, as they may alter or limit 

pre-existing practices such as the timing of cultural events, such as akule (bigeye scad, Selar 

crumenophthalmus ) fishing or the palolo (epitokes of the worm Palola viridis)  harvest, or the 

ability to apply traditional knowledge and skill sets to localized resource management (McMillen 

et al., 2014). Further identification and documentation  of intangible heritage resources will 

provide a better understanding of the impact of climate change to these resources. 
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Figure DP.3. Timeline of major disturbance events that affected the condition of natural, cultural, or 
maritime heritage resources from 1985ï2020. Image: NOAA 

 

Fishing 

Worldwide, there is heavy pressure on fish assemblages from fishery activities, and assessments 

have demonstrated declines in reef fish abundance across the Pacific Islands (McCoy et al., 

2018). These results suggest that the current level of harvest of reef fish and invertebrates is 

unsustainable in many locations (Secretariat of the Pacific Community [ SPC], 2013). 

Assessment of the U.S. Pacific Islands indicated that reefs in American Samoa had only a 

quarter of the fish biomass observed in remote areas (Williams et al., 2011) and that reef fish 

populations in all islands, except for Swains, are well below the biological potential for these 

systems (Williams et al., 2015). Destructive fishing methods, including explosives and 

chemicals, that affect corals and non-target species are also a concern. Possible fishing with 

explosives has occurred in Fagatele Bay as recently as 2004 (National Marine Sanctuary 

Program, 2007). Although there has been no recent evidence of this practice, damage to the reef 

structure is still visible. Anchoring boats within fishing areas can also cause mechanical damage 

to reefs. Evidence of anchor damage, in the form of numerous flipped tabletop corals, was found 

on towboard surveys along southwest Aunuôu bank and Nafanua bank in 2014 (J. Paulin/NOAA, 

personal communication, 2022). Anchor damage and two illegal moorings have also been found 

in Fagatele Bay (J. Paulin/NOAA, personal communication, 2022).  

A 2019 assessment of the Bottomfish Management Unit Species complex in American Samoa 

determined that the area is in an overfished state (Langseth et al., 2019). This includes shallow 

coral reef fish species such as bluestripe snapper (Lutjanus kasmira), green jobfish (Aprion 

virescens), yellow-edged lyretail (Variola louti), black jack (Caranx lugubris), and spotcheek 



Pressures on Sanctuary Resources 

67 
American Samoa  | Condition Report 

emperor (Lethrinus rubrioperculatus),  as well as deeper species, including deep-water snappers 

(Etelis coruscans and E. carbunculus) . Pelagic resources appear to be more resilient to fishing 

pressure, but it is unclear how climate change may affect pelagic species distributions across the 

region (SPC, 2013).  

Fishing is prohibited in Fagatele Bay and limited in Aunuôu Zone B and Muliƃva; however, direct 

observation and enforcement of fishing activity in these areas is difficult. Fishing may quickly 

reduce the population of target reef fish species in constrained bays like Fagatele Bay and 

remote sites like Rose Atoll with limited fish recruitment. Several large species of reef fishes, 

characteristic of unfished reefs in the Indo -Pacific region, are conspicuously absent or small in 

size in Fagatele Bay and found in lower abundance at Rose Atoll than what oceanographic and 

habitat conditions would predict (Williams et al., 2015). These include species such as 

humphead wrasse (Cheilinus undulatus ), sharks, and large species of grouper and parrotfish, all 

of which are known to be particularly vulnerable to fishing pressure.  

Coastal Development and Nearshore Construction 

Due to the islandsô small size, all terrestrial areas within American Samoa are considered 

ñcoastal.ò Development can significantly affect coastal habitats because of the small watershed 

size and short distances from ridge to reef. On Tutuila, developed areas increased by 5.8% from 

2004ï2010, despite a decline in population during this period ( OCM, 2021). Additional 

development has taken place since 2010, but has not been quantified. Due to rising sea levels, 

many coastal areas have been armored with seawalls to protect valuable infrastructure and 

homes. In some areas, coastal protection structures have resulted in the loss of coastal and 

marine habitat, includin g benthic organisms, and ecological function associated with these 

habitats. This may, in turn, reduce larval connectivity through habitat fragmentation and the 

loss of brood stock (Hughes et al., 2005). Coastal armoring also disrupts the movement of sand 

and beach development which may affect both terrestrial and marine resources. Ongoing 

development and coastal armoring have reduced nesting habitat for sea turtles in Tutuila and 

Manuôa and may impair the recovery of sea turtles in the region (Tuatoôo-Bartley et al., 1993; 

Saili, 2005). Based on data collected from 2007ï2013, Seminoff et al. (2015) estimated that 105 

green sea turtles nest at Rose Atoll, 23 nest at Swains Island, but only three nest in Tutuila. As of 

2020, the only new development directly adjacent to NMSAS waters was a small seawall built on 

the south side of Aunuôu. It was built by the village from available debris following storm waves 

that inundated the Aunuôu power plant in 2019.  

Agriculture in American Samoa is still largely at subsistence scale with mostly traditional staple 

food crops, chickens, and pigs. With shifting land use patterns, American Samoa is likely to 

experience increased agricultural development, including the land surrounding NMSAS units. 

Such development may threaten water quality, habitat integrity, and the biological health of the 

reefs, particularly if fertilizer and pesticide use and erosion are not controlled. Heavy 

sedimentation is currently not a problem in sanctuary units, but this could change with 

increasing coastal development and agricultural demand.  
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Nonpoint Source Pollution 

Land-based sources of pollution, including nutrients, sedimentation, and chemical 

contaminants, are major threats to coral reefs worldwide and can promote algae growth, cause 

stress to corals, and increase the likelihood of disease and bleaching (Vega-Thurber et al., 2014). 

Pollutants can be an issue in American Samoa, primarily in areas adjacent to populated coastal 

areas and industries (Houk et al., 2005). All NMSAS units are remote and not near highly 

populated coastal areas. However, pollutants could drift into the sanctuary and affect the 

condition of resources.  

Human sewage/cesspool outflows, runoff of agricultural fertilizers, and animal waste (e.g., from 

piggeries) can increase loading of nutrients, primarily nitrogen and phosphorus, in nearshore 

waters. Nutrient inputs from surface runoff and submarine groundwater discharge contribute to 

eutrophication and algal blooms, which can hinder coral growth or recovery followin g 

disturbance (DôAngelo & Wiedenmann, 2014). Nutrients are also implicated in promoting 

crown-of-thorns sea star (CoTS; Acanthaster planci or alamea in Samoan) outbreaks (Brodie et 

al., 2005; Fabricius et al., 2010). Available data indicate that nutrient l evels in sanctuary units 

are below recommended thresholds, but in Fagatele Bay, there is evidence nutrient input may be 

increasing, likely due to the presence of a landfill and increased agriculture in the surrounding 

watershed. 

The Fagatele Bay and Fagalua/Fogamaôa sanctuary units lie within one mile of the main landfill 

for the island of Tutuila. Although separated from Fagatele Bay by the high ridge that surrounds 

the bay, the Futiga landfill is unlined and contaminants such as heavy metals, petrochemicals, 

and pharmaceuticals may leach into groundwater that flows into the bay through ocean seeps. 

Heavy metals, hydrocarbons, pesticides, and pharmaceuticals were detected in low levels in 

water and sediment in Fagatele Bay in 2019 (Whitall et al., 2022). Aunuôu and Taôu have their 

own landfills, but these are smaller.  

Point Source Pollution 

Point source pollution originates from single, identifiable sources from which pollutants are 

discharged, such as a stream mouth. NMSAS units are far from major pollutio n sources, 

including the large sewage and cannery outfalls on Tutuila, but there are small pollution sources 

in the Aunuôu and Muliƃva units. For instance, the sewage outfall in Aunuôu discharges in 

shallow waters just outside the reef margin and may be a source of contamination, but the 

chemical composition of the effluent is unknown and no testing has been conducted. The 

discharge zone is highly mixed and accumulation is unlikely. In Muliƃva, there may be waste, 

ballast, and bilge discharges from ships transiting in or near the area.  

Marine Debris 

Trash in its many forms has long been a problem on the shorelines and coastal waters of 

American Samoa, especially plastic trash, which persists and accumulates in the environment. 

Another problem is derelict fi shing gear, which snags on reefs and can entangle marine 

mammals and turtles. Marine debris has a comparatively lower presence underwater in NMSAS, 

but it does accumulate on adjacent shorelines in some locations. The Fagalua/Fogamaôa unit has 
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persistent accumulation of both ocean- and shore-based debris, including abandoned fishing 

gear and discarded trash left by visitors. Recent deep-sea exploration cruises noted significant 

accumulations of marine debris in the deep sea near Tutuila, but presence was low in sanctuary 

units (Amon et al., 2020). The potential environmental impact of microplastics ðplastic debris 

that breaks down in the marine environment ðhas become a growing concern worldwide (Cole 

et al., 2011; Wright et al., 2013; Huang et al., 2021). The extent to which microplastics are a 

concern in American Samoa and whether food fish are negatively impacted through trophic 

accumulation is currently known.  

Vessel Groundings 

Ship groundings on coral reefs can cause extensive physical damage to the reef structure and can 

release toxic petrochemicals and harmful cargo, killing reef organisms. Any wreckage left on the 

reef can continue to cause physical damage and may release iron into nearby waters. Iron inputs 

are thought to be especially damaging on atolls, because unlike high volcanic islands, these 

systems do not have natural inputs of iron. Iron can contribute to blooms of cyanobacteria on 

the already damaged reef, preventing recovery of corals and other reef organisms, turning them 

into ñblack reefsò (Kelly et al., 2012). Other unanticipated consequences can occur, such as the 

corallimorph outbreak on Palmyra Atoll following a ship grounding in 1991 (Work et al., 

2008b).  

On Rose Atoll, the grounding of a 135-ft Taiwanese long-line tuna-fishing vessel in October 1993 

released diesel lube oil into refuge waters. Prevailing currents carried these contaminants across 

the reef flat and into the lagoon, killing invertebrates and algae. The grounding itself physically 

damaged the reef when the ship hit the upper portion of the outer reef slope and moved across 

the reef before coming to rest (Green et al., 1997). Extensive removal efforts were undertaken 

over many years by the U.S. Fish and Wildlife Service, but some iron debris remains. 

Subsequent monitoring and assessment studies indicate that the reef has suffered ongoing 

injury due to the release of iron from the decaying ship debris (Schroeder et al., 2008). In April 

2016, the 62-ft F/V No.1 JiHyun  lost its main engines and grounded off the west side of Aunuôu 

Island in the Multiple Use Zone. This area is of ecological and cultural significance for the local 

residents and is considered an important location for fishing and gleaning. After a number of 

unsuccessful attempts, the vessel was removed in August 2016. The grounding impaired 4,250 

km2 of reef habitat, leaving a large rubble field with low complexity and rugosity that has not 

recovered (Symons et al., 2017). 

Visitation 

There is relatively little tourism in American Samoa and it is likely to be some year s before the 

territory enters the mainstream of South Pacific tourism. Due to the remote location of NMSAS 

units, even on the main island of Tutuila, visitation numbers are low compared to other South 

Pacific island destinations. For example, in 2017, 5,579 tourists arrived in American Samoa 

(ASDOC, 2018); in contrast, 869,000 and 199,000 total visitors arrived in Fiji and Papua New 

Guinea, respectively, in the same year (Cheer et al., 2018). Access to Fagatele Bay is limited, as 

the adjacent land is privately owned and requires a small fee for access. However, Fagatele Bay 

is visited by eco tours associated with cruise ship visits. The beach at Fogamaôa is becoming 
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more popular with local residents and visitors and is used for both day access and overnight 

camping. However, visitor numbers remain fairly low (<20 people on busy days). The Aunuôu 

and Taôu units are used by local residents, but are not currently significant tourist destinations. 

There are no maintained trails to reach the Taôu unit, so access by land is limited. Swains Island 

and Rose Atoll are occasionally visited by researchers but are not readily accessible to tourists. 

There are few locally owned pleasure or charter boats. Local alia (fishing vessels based on 

traditional design) and sportfis hing boats visit the Fagalua/Fogamaôa, Aunuôu Multiple Use 

Zone, and Taôu units to engage in fishing activities, including bottom fishing and spearfishing. 

Sportfishing for pelagic tuna, masimasi, and marlin is popular, and occasional fishing 

tournaments are held. The Aunuôu and Taôu units are visited for pelagic fishing, but most pelagic 

fishing activity takes place in offshore waters outside sanctuary units. There are currently two 

commercial scuba diving operations in American Samoa, but recreational diving is infrequent 

due to lack of demand. Yachts occasionally enter Pago Pago Harbor to buy provisions and find 

shelter during the cyclone season and may visit the sanctuary units, but the sanctuaryôs 

anchoring prohibitions and lack of mooring buoys make th is difficult for yacht operators.  

Potential impacts to NMSAS units due to visitation include unregulated fishing, illegal collection 

of invertebrates, and damage to the reef from boat anchors and walking on the reef flat.  

Nuisance Species Outbreaks 

American Samoa has not identified any significant marine invasive species threats, but there are 

a number of species that experience outbreaks that are detrimental to ecosystem health. These 

include CoTS, a tunicate (Diplosoma similis ), and a green bubble algae (Valonia fasciculata ).  

The most serious of these is CoTS, which are coral-eating echinoderms whose populations 

periodically increase to outbreak levels and cause widespread coral mortality. CoTS are a natural 

component of Indo -Pacific coral reef ecosystems. Under normal conditions, CoTS prefer fast 

growing coral species (e.g., Acropora  and Montipora ; Pratchett, 2007) and may open up space 

for slower growing coral species (e.g., Porites) to recruit. As long as disturbances are infrequent, 

new coral recruitm ent and growth will replace the damage caused by the sea star. At outbreak 

levels, however, CoTS can have severe impacts on reef ecosystems (Pratchett et al., 2014). 

CoTS eat the soft tissues of corals, often killing the coral colony, and each sea star consumes 13 

to 134 km2 of coral each year (Dixon, 1996). In the late 1970s, a major outbreak of CoTS around 

Tutuila destroyed 80ï90% of corals in Fagatele Bay (Birkeland et al., 1987). This severe and 

destructive event in one of the most pristine and coral-ri ch bays in American Samoa propelled 

the designation of Fagatele Bay as a national marine sanctuary, which would promote the future 

designation of NMSAS and its protection as a special place. More recently, another CoTS 

outbreak in 2014ï2017 threatened corals around the island of Tutuila.  

There is increasing evidence that overfishing of CoTS natural predators and eutrophication 

associated with land based sources of pollution contributes to the increased frequency of 

outbreaks throughout the Pacific (Brodie et al., 2005; Fabricius et al., 2010; Cowan et al., 2017, 

2020; Pratchett et al., 2021). Management agencies across the Pacific, including NMSAS and the 
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National Park of American Samoa, are increasingly taking direct action, such as physical 

removal or inj ections, to reduce problematic populations of CoTS. 

In 2008, the tunicate Diplosoma similis  was observed overgrowing live coral and benthic 

substrate along the north-northwest side of Swains Island (Vargas-Ángel et al., 2009). This 

raised concern about a potential shift in the reef habitat, but the outbreak subsided by 2010. 

More recently, the American Samoa Coral Reef Advisory Group and the National Park of 

American Samoa have been following an outbreak of the green bubble algae Valonia fastigiata  

in the Ofu pools. This algae has spread from a small patch to an extensive area and is now 

overgrowing corals in the area. No outbreaks have been reported in NMSAS. Corallivorous 

snails (Drupella  and Coralliophila  spp.) can also form smaller outbreaks and impact corals 

(Cumming, 2009; Hamman, 2018). Managers are concerned that shifts in land -based sources of 

pollution and changes in ocean conditions related to climate change may increase outbreaks or 

introduce invasive species. 

Research Activities 

The NMSAS science program is growing and research is encouraged within sanctuary units. 

Projects often require the installation of scientific instruments, markers, or buoys. This has 

included the placement of two oceanographic buoys (a Moored Autonomous Partial Pressure of 

Carbon Dioxide [MAPCO2] buoy in Fagatele Bay and a wave buoy in the Aunuôu Research 

Zone), a climate station in Fagatele Bay with oceanographic instruments and settlement 

structures, an ecological acoustic recorder in Fagatele Bay, monitoring markers, and 

contaminant and sediment monitoring devices. NMSAS evaluated the value of each project and 

worked with the researchers to minimize impacts to sanctuary resources. Although there is a 

potential for impacts, no significant damage due to research activities has been observed. 
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State of Sanctuary Resources 

 

This section provides summaries of resource status and trends within four areas: water quality, 

habitat, living resources, and maritime heritage resources. Virtual workshops were convened 

with subject matter experts from August to November 2020 to discuss and evaluate a series of 

questions about each resource area. It is important to note that, in general, the assessments of 

status and trends in National Marine Sanctuary of American Samoa (NMSAS) are for the period 

from 2007ï2020. However, in some cases, data series extend into 2021. Answers for each 

question are supported by data and the rationale is provided at the end of each section for each 

resource area. Where published or additional information exists, the reader is provided with 

appropriate references. Workshop discussions and ratings were based on data available at the 

time (e.g., through 2020). However, in some instances, sanctuary staff later incorporated newly 

available data in order to more accurately describe the current status and trends of resources. 

Situations where data were used by sanctuary staff to support a rating, but were not presented 

or discussed during the workshop, are noted in the text. More information about each question 

can be found in Appendix A and additional information about the methods used to complete the 

assessments can be found in Appendix D. 
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Water Quality (Questions 1ï5) 

The following is an assessment of the status and trends of water quality indicators in NMSAS 

from 2007ï2020.  

Question 1 focuses on eutrophication and its impacts on sanctuary resources. Eutrophication is 

usually caused by an excess amount of nutrients (primarily nitrogen and phosphorus) enteri ng 

the ocean and leading to an increase in the growth of algae, including microalgae 

(phytoplankton), macroalgae (seaweed), and filamentous algae (turf).  

Question 2 focuses on parameters affecting public health. Human health concerns can arise 

from water,  beach, and/or seafood contamination (bacteria or chemical).  

Question 3 focuses on shifts in water quality due to climate drivers. Climate indicators include 

water temperature, ocean acidification and calcification rates, and sea level rise. Increases in 

water temperature cause coral bleaching and increased susceptibility to disease. Acidification 

can affect organism survival, growth, and reproduction. Sea level rise causes increased erosion. 

Question 4 assesses other biotic and abiotic stressors, individually or in combination, that may 

influence sanctuary water quality, but were not addressed in the above questions, such as 

turbidity and iron pollution from ship groundings.  

Human activities that adversely impact water quality are the focus of Question 5. These include 

terrestrial point source discharges, commercial and recreational vessel-based activities, and 

coastal development. 

Question 1: What is the eutrophic condition of sanctuary waters and 

how is it changing? 

 

Status Description: Eutrophication has not been 
documented, or does not appear to have the potential to 
negatively affect ecological integrity. 

Rationale: Data on eutrophication are limited, but available data suggest that nitrogen, 
phosphorus, and chlorophyll a concentrations remain below recommended threshold levels in 
sanctuary waters. However, dissolved inorganic nitrogen may be increasing in Fagatele Bay 
based on the most recent data. Macroalgae cover was evaluated as a proxy for nutrients and has 
been variable over the reporting period, but remains low overall within sanctuary units.  
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Question 1 Indicator Table. Summaries for the key indicators related to eutrophication that were 
discussed during the 2020 status and trends workshop. 

Indicator Habitat Source Summary 

Nutrients Nearshore 
habitats 

Comeros-
Raynal et al., 
2017, 2019; 
Whitall et al., 
2022; Comeros-
Raynal et al., 
2021; Shuler & 
Comeros-
Raynal, 2020; 
Coral Reef 
Ecosystem 
Division 
(CRED), 2010 

Sampling has been limited, but all samples taken 
during the reporting period met the American Samoa 
Environmental Protection Agency (AS-EPA) water 
quality standard levels ("median not to exceed"). In 
2019, DIN in a set of water samples from Fagatele 
Bay approached the recommended maximum 
threshold value (Whitall et al., 2022), though previous 
samples indicated much lower levels. Recent 
modeling suggests that Fagatele Bay and 
Fagalua/Fogamaôa should have low nutrient loading 
(Shuler & Comeros-Raynal, 2020). The other units 
were last sampled in 2010.  

Pelagic  No nutrient data were available for pelagic waters. 

Mesophotic 
coral 
ecosystems 
(MCEs) 

 No nutrient data were available for MCEs. 

Chlorophyll a Nearshore 
habitats 

Pacific Marine 
Environmental 
Laboratory 
(PMEL), 2020; 
Sutton & Pacific 
Islands Ocean 
Observing 
System 
(PacIOOS), 
2022; 
Ecosystem 
Sciences 
Division (ESD), 
2020 

Automated sampling of chlorophyll a in Fagatele Bay 
suggests that levels are variable, but consistently 
below recommended levels for open ocean waters 
(PMEL, 2020; Sutton & PacIOOS, 2022). The other 
units were last sampled in 2010. Chlorophyll a was 
low at all sites, but approached AS-EPA water quality 
limits in Taôu (ESD, 2020). 

Pelagic 
habitats 

NOAA Center 
for Satellite 
Applications 
and Research, 
2022a, 2022b 

Satellite data indicate that chlorophyll a levels are low 
(0.03ï1 mg m3) across the territory and have low 
seasonal variation.  

Macroalgae Nearshore 
habitats 

Marine Applied 
Research 
Center (MARC), 
2020; Fenner, 
2013b; Vargas-
Ángel et al., 
2019 

Local and federal monitoring programs have recorded 
low (<10%) macroalgae abundances across all 
sanctuary units throughout the reporting period.  
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Indicator Habitat Source Summary 

MCE Bare et al., 
2010 

Benthic camera tows along the Tutuila insular shelf in 
2002, 2004, and 2008 indicated that macroalgae is 
low in the upper and lower mesophotic zones, but 
higher (15ï20%) in the 50ï79 m depth zone.  

 

Quantitative data on eutrophication within NMSAS boundaries are limited. Data collection has 

been intermittent and focused on nearshore habitats, particularly streams, sandy shores, and 

coral reefs. Fagatele Bay is the exception; its designation as a ñpristineò watershed by the 

American Samoa Environmental Protection Agency (AS-EPA) made it an ideal control site for 

studies throughout the reporting period. Data for pelagic areas are limited to satellite -derived 

datasets and no recent data are available for mesophotic and deep-sea habitats. 

Recent modeling efforts suggest that DIN loading in Fagatele Bay and Fagalua/Fogamaôa units 

are likely low compared to other coastal areas in Tutuila (Shuler & Comeros-Raynal, 2020). 

Fagatele Bay had the lowest nutrient concentration out of 28 watersheds sampled by Comeros-

Raynal et al. (2017, 2019) throughout Tutuila. Fagalua/Fogamaôa, Aunuôu, Taôu, Rose Atoll, and 

Swains Island were not included in the analysis. Overall, nutrient levels were below the AS-EPA 

water quality standard for embayments ("median not to exceed") , but recent nutrient 

measurements in Fagatele Bay were higher than previous studies, suggesting either fluctuating 

or increasing nutrient levels in the bay from land -based sources or perhaps other sources, such 

as submarine groundwater discharge (Whitall et al., 2022; Comeros-Raynal et al., 2021; Figure 

S.WQ.1.1). Workshop experts noted that discharge from the landfill and agricultural activities in 

the nearby watershed may be influencing nutrient dynamics within both Fagatele Bay and 

Fagalua/Fogamaôa units and recommended continued monitoring of nutrients in these units. 

The high proportion of nitrate in DIN measurements from Fagatele Bay suggests these are 

possible sources of nitrogen enrichment. In 2010, NOAAôs National Marine Fisheries Service 

(NMFS) collected and analyzed water samples from coral reef habitats around all of the islands 

in American Samoa (ESD, 2020). The results indicated that phosphate, nitrate, nitrite, and total 

nitrogen across all islands of American Samoa were below AS-EPA-recommended levels for 

open ocean waters (Figure S.WQ.1.2). However, these samples were limited to one point in time 

and no recent data are available, therefore it is not possible to determine any trends in open 

ocean nutrient levels.  
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Figure S.WQ.1.1. Comparison of Ridge to Reef (sampled in 2016) and National Centers for Coastal 
Ocean Science (NCCOS; sampled in 2019) nutrient data for Fagatele Bay (average +/- standard error 
[SE]). The R2R study did not evaluate HPO4, HSiO3, Urea, or total P. Source: Whitall et al., 2022; 
Comeros-Raynal et al., 2021 

 

 

Figure S.WQ.1.2. Nutrient data collected in 2010 around all islands in American Samoa. Data have been 
converted to mg/L (average +/- standard deviation [SD]) to compare with AS-EPA standards. Source: 
ESD, 2020 
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