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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 629,000 square miles of ocean and Great Lakes waters. The 18 

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. 

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

commercial industries.  

Grayôs Reef National Marine Sanctuary 

About 19 miles off the coast of Georgia lies the 22-square-mile Grayôs Reef National Marine 

Sanctuary (GRNMS). The sanctuary protects a dynamic, live-bottom ocean area that supports 

almost 900 species of invertebrates and 200 species of fish, in addition to other iconic species 

like sea turtles and migrating whales. Some 60 to 70 feet below the Atlantic Oceanôs surface, this 

vibrant ecosystem is cherished by scuba divers, anglers, scientists, and conservationists. 

GRNMS strives to protect this unique place for current and future generations through scientific 

research, education, and conservation initiatives. 
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Framework for Condition Reports 

 

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

sanctuary resources and ecosystem services. These reports provide a standardized summary of 

resources in NOAAôs sanctuaries, driving forces 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, habitat, living 

resources, maritime heritage resources, and the human activities that affect them. They present 

responses to a set of questions posed to all sanctuaries (Appendix A). The reports also rate the 

status and trends of ecosystem services (Appendix B). Resource and ecosystem service status 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 

unless otherwise specified, are generally based on observed changes in status since the prior 

condition report.  

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 Driving 

forces (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 condition reports.  

Although the National Marine Sanctuary Systemôs 17 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 the status and trends of resources and 

ecosystem services in each siteôs ecosystem to inform place-based management. To that end, 

each unit in the sanctuary system is asked to address the same set of resource questions and 

ecosystem services, located in Appendix A and Appendix B, respectively. The evolution of the 

condition report process is described in greater detail below. 

DPSER Framework 

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

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

(Pressures), the influence of these threats on resource conditions (State), the relationships 

between resources and people, which may include benefits provided to people (Ecosystem 

services), and management responses (Response) to control pressures or improve resource 

conditions. Earlier condition reports were structured around a P ressures-State-Response 

framework; however, this approach was expanded to better understand the drivers that 

influence pressures as well as resulting changes in ecosystem service benefits and how these 

might influence management actions (Office of National  Marine Sanctuaries [ONMS], 2018). 

The DPSER framework recognizes that human activities, the focus of management actions, are 

linked to demographic, economic, social, and institutional values and conditions (collectively 

called drivers). Changes in these drivers influence pressures on natural and heritage resources, 

affecting their condition. This, in turn, impacts the availability of benefits that humans receive 
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from the resources (ecosystem services1), prompting management responses aimed at 

preventing, reducing, or mitigating undesirable changes (see Figure FCR.1). 

 

Figure FCR.1. This diagram of the DPSER framework illustrates the functional connections between 
components and the targets of management responses designed to modify driving forces, 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. The first condition 

report for GRNMS was released in 2008 (ONMS, 2008), and select questions were updated in a 

2012 condition report addendum (ONMS, 2012); ratings from those reports are provided in 

Appendix D. This updated condition report marks a second comprehensive description of the 

status and trends of sanctuary resources and the first evaluation of the sanctuaryôs ecosystem 

services. The findings in this condition report document status and trends of water quality, 

habitat, living resources, and ecosystem services from 2008ï2022 or 2012ï2022, depending on 

whether a given topic was last assessed in the comprehensive 2008 report or in the 2012 

addendum. 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 presented 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 changing ocean conditions. 

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

sanctuary management actions and will specifically help to shape updates to the GRNMS 

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

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

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

build on the 2014 management plan, which details a number of actions to address issues and 

concerns (ONMS, 2014). Updating the management plan will involve significant public input, 

agency consultation, and environmental compliance work, and, depending on the complexity of 

the actions proposed, may take one to three years to complete. 

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

habitat, and living resources from 2010ï2022, unless otherwise noted. The State of Ecosystem 

Services section includes an assessment of human benefits derived from science, education, 

heritage, sense of place, consumptive recreation, and non-consumptive recreation within the 

sanctuary.  

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

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

services in the sanctuary (Appendix C). These experts also had knowledge of previous and 

current scientific efforts in the sanctuary. 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 the publication of the 

previous condition report and addendum should be noted. First, in response to feedback 

provided to ONMS, the process used to generate the current condition report is more 

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

Ecosystem Assessment framework (National Oceanic and Atmospheric Administration [NOAA], 
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2020), which takes a data-driven approach to developing indicators for key components of the 

ecosystem. Status and trend assessments can then be made for the 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, 

expert opinion) and the level of agreement among experts (Appendix C). 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 d ata sets and expert opinions that were available 

during this process. 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, ONMS 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 import ant point, 

authorship 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). 
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Executive Summary 

 

Grayôs Reef National Marine Sanctuary (GRNMS), located off the coast of Georgia, was 

designated in 1981 to protect one of the largest known nearshore ñlive-bottomò reefs of the 

southeastern United States. The sanctuary encompasses approximately 22 square miles and is 

situated roughly 19 miles east-southeast of Sapelo Island, Georgia on the eastern continental 

shelf of the United States.  

 

GRNMS is an entirely offshore sanctuary, located off the coast of Georgia. Image: NOAA 
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This condition report uses the best available information to assess the status and trends of the 

sanctuaryôs resources and ecosystem services from 2008 to 2022. The report is structured 

around a Drivers-Pressures-State-Ecosystem Services-Response model (see the earlier section, 

DPSER Framework, and Figure FCR.1 for more information on the model). It assesses water 

quality, habitat, and living resources, as well as the human activities that affect them, and also 

includes the first evaluation of the status and trends of the sanctuaryôs ecosystem servicesðthe 

benefits that humans derive from different ecosystem attributes for their lives, lifestyles, and 

livelihoods.  

Status and Trends of Drivers and Pressures 

The primary pressures on GRNMS water quality, habitat, and living resources were visitation 

and use; coastal development and nearshore construction; nonpoint source pollution; changing 

ocean conditions (including ocean warming and acidification); and non -indigenous species. The 

primary focus of sanctuary management is on activities that can be controlled at the site, such as 

non-indigenous species and visitation and use. Other pressures act at regional or global scales, 

and are thus not the focus of local management efforts; however, their impacts on sanctuary 

resources are addressed in the Status and Trends of Sanctuary Resources section of the report. 

Human Activities 

The primary human use of GRNMS is recreational fishing, which is an important way that 

visitors experience and connect with the sanctuary. Recreational fishing and associated vessel 

use can impact sanctuary water quality, habitat, and living resources through waste disposal and 

pollution, introduction of marine debris, illegal anchoring, wildlife strikes, noise disturbance, 

and harvest. Some metrics suggested vessel and recreational angler activity have increased at 

GRNMS, but most available data sets were regional and not specific to the sanctuary. Passive 

acoustic monitoring showed that vessel use in the sanctuary elevated ambient noise levels 

during the study period. Additionally, lost fishing gear was the most common type of marine 

debris observed in sanctuary habitats; however, no data were available to understand how the 

introduction of marine debris may have changed over time. Enforcement records showed that 

illegal fishing and anchoring occurred during the study period, but enforcement patrols and the  

detection of these violations were both few in number. 
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Recreational fishing is the most common type of human use at GRNMS. Photo: NOAA 

Other common uses of the sanctuary are recreational scuba diving and scientific research. One 

recreational dive charter is known to visit GRNMS, and the number of private and charter 

recreational divers at the sanctuary is relatively low due to the siteôs distance from shore and 

challenging oceanographic conditions. The majority of scuba diving at GRNMS is for scientific 

research. Both recreational and scientific diving are believed to have minimal impacts on 

sanctuary habitats. Broader research activities, such as sample collection and installation of 

monitoring equipment, can impact habitats and living resources, but GRNMS permitting 

controls helped ensure no major disturbances occurred during the assessment period. Marine 

research often requires the sustained presence of large research vessels within the sanctuary. 

While this increases the risk of impacts to the sanctuary from spills, no significant spills or 

discharges occurred within the sanctuary from this or other vessel activity during the study 

period.  
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Installation of scientific instruments can affect GRNMS habitats, but impacts are believed to be minimal. 
Photo: G. McFall/NOAA 

Coastal development can negatively impact water quality via increased runoff and associated 

introduction of contaminants, and can also negatively impact nearshore nursery habitats for 

species that use the sanctuary as adults. During the study period, areal cover of saltwater marsh 

habitat in coastal Georgia remained stable, while areal cover of impervious surfaces grew 

slightly.  

Status and Trends of Sanctuary Resources 

In addition to evaluating human activities, the condition report rates the status and trends of 

water quality, habitat, living resources, and ecosystem services in GRNMS based on data 

indicators for each focal area. Criteria for indicator selection include d: long-term data 

availability, importance to the ecosystem and culture, responsiveness to changes in 

environmental conditions, measurability, relevance to standardized sanctuary condition report 

questions, and responsiveness to management actions. The section below summarizes the most 

noteworthy results.  
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Water Quality 

No evidence of eutrophication was observed at GRNMS. Indicators of eutrophication, including 

chlorophyll a concentrations and anomalies, dissolved oxygen, and turbidity, generally exhibited 

consistent and expected seasonal patterns. Sanctuary-specific data on human health indicators 

were limited; available data, including regional data, suggest sanctuary waters pose few risks to 

human health. Recommendations to limit consumption of king mackerel and black sea bass, two 

commonly fished species at the sanctuary, were issued during the study period due to elevated 

levels of mercury and arsenic, respectively. Although there was little evidence to suggest human 

health impacts, increased monitoring of human health indicators within sanctuary boundaries is 

needed to fully inform this question.  

 

Black sea bass are a popular target species among fishers at GRNMS. Photo: G. McFall/NOAA  

Although changing ocean conditions did not result in measurable resource impacts at GRNMS 

during the study period, changes in a number of parameters occurred on a regional scale. Sea 

surface temperature increased, marine heatwaves became more frequent, and the number of 

annual storms increased. Additionally, a tmospheric CO2 increased, resulting in greater transfer 

of CO2 into sanctuary waters, which makes water more acidic, threatening marine organisms.  

Contaminant discharges from vessels were another concern for GRNMS water quality. Although 

some spills occurred regionally during the study period, none were reported within sanctuary 

boundaries, nor was any spilled material observed in the sanctuary. However, the impact of 

regional events on sanctuary waters remains unknown due to a lack of sampling for 

contaminants in the water column.  
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Habitat 

Although GRNMS is known for its live -bottom reefs, most of the seafloor within the sanctuaryôs 

boundaries is composed of unconsolidated soft sediment, which provides habitat for a wide 

variety of infaunal invertebrates. Changes to habitats in the sanctuary, including physical 

attributes of live -bottom ledge structures, which are associated with species richness, diversity, 

and abundance, are largely believed to be driven by natural processes. However, there is a need 

to analyze and compare more recent bethic profile data to understand whether any substantial 

changes in habitat distribution occurred; this constitutes an analysis gap for this report. Cover of 

habitat -forming sessile benthic invertebrates, including sponges, tunicates, and the coral 

Oculina arbuscula , was stable. Anthropogenic noise was detected in acoustic studies of the 

sanctuary, but was relatively low compared to some other national marine sanctuaries, and was 

largely attributed to short -duration vessel transits through the sanctuary.  

 

Live-bottom habitats in the sanctuary are characterized by cover of a wide range of benthic invertebrate 
species. Photo: G. McFall/NOAA 

Data on contaminants in sanctuary habitats were limited, but available studies indicated most 

contaminants were undetectable or below thresholds for concern in GRNMS sediments. 

However, microplastics were found in all sediment samples collected in 2021, and are an 

emerging concern. Some samples of biota from the sanctuary had elevated levels of 
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contaminants, including cadmium and arsenic, suggesting the presence of contaminants in the 

local environment. Testing of sediment and biota samples for a full suite of contaminants last 

occurred in 2012ï2013; newer data are needed to fully assess the status and trends of 

contaminants in the sanctuary. 

Living Resources 

Focal species are those important for economic, cultural, spiritual, recreational, ecological, or 

conservation-related reasons, as well as those that may be subject to special state or federal 

protections. Some GRNMS focal species reside in the sanctuary year-round (red snapper, 

tomtate, black sea bass, king mackerel, the coral Oculina arbuscula , and Halymenia  spp. algae), 

while others are wide-ranging species known to transit through the sanctuary (loggerhead sea 

turtles, North Atlantic right whales, and s and tiger sharks). Given the diversity of indicator 

species assessed, the status and trends of focal species were mixed. Resident fish species and 

Oculina arbuscula  remained stable or improved within the sanctuary (however, sanctuary -

specific trends may not match regional trends for these species). Conversely, North Atlantic 

right whales remained endangered and experienced an unusual mortality event during the study 

period. Data gaps precluded a complete understanding of the status and trends of loggerhead 

sea turtles, sand tiger sharks, and Halymenia  spp. within the sanctuary.  

 

Loggerhead turtles are charismatic focal species at GRNMS. Photo: G. McFall//NOAA 



Executive Summary 

8 
Grayôs Reef | Condition Report 

The abundances of non-indigenous species, including lionfish, titan acorn barnacle, and orange 

cup coral, were low. However, species typically found in tropical waters have been newly 

observed or are becoming more abundant in GRNMS, likely as a result of increases in seawater 

temperatures in the sanctuary. These species include lane snapper, red grouper, yellowtail 

snapper, the branching vase sponge Callyspongia aculeata , and the macroalgae Platoma 

gelatinosum . More systematic and frequent monitoring is needed to fully understand any 

impacts of these potential range shifts on GRNMS biodiversity. Available data suggest fish and 

benthic community structure has remained stable. However, most biodiversity data have been 

collected in the summer season; year-round  monitoring is needed to better understand how 

biodiversity metrics may change seasonally. 

Status and Trends of Ecosystem Services 

Ecosystem services evaluated in the report included science, education, heritage, sense of place, 

consumptive recreation, and non-consumptive recreation.  

GRNMS is valued as a longstanding scientific research site in the South Atlantic region. Most 

indicators of scientific research activity, including the number of permits issued, publications, 

and active projects, were stable. However, the availability of vessel platforms for conducting 

research was limited during the study period, and was insufficient to meet GRNMS science 

goals. Similarly, educational programming was hindered by staffing shortages during the study 

period. However, programming and exhibits by partner institutions, as well as virtual 

engagement through the GRNMS webpage, social media accounts, and interactive touchscreen 

kiosks, provided key opportunities to learn about the sanctuary. In 2022, the Grayôs Reef Ocean 

Discovery Center was dedicated; though this occurred at the end of the study period, it 

represents a significant improvement in the ability of GRNMS to provide educat ion and 

outreach. 

Increasing recognition and awareness of past and modern human connections to GRNMS have 

helped to define its heritage. Artifacts recovered from the sanctuary provide evidence of human 

habitation of the area now designated as GRNMS when it was fully terrestrial (approximately 

3,000 to 13,000 years before present). Information on more recent heritage ties between 

Indigenous Peoples and the sanctuary remains a data gap. Within the past century, the heritage 

of GRNMS has largely been shaped by its marine research legacy; Milton ñSamò Gray, the 

sanctuaryôs namesake, conducting trailblazing studies of the sanctuaryôs unique ecology. These 

studies and many since have helped to expand recognition of the sanctuaryôs value for scientific 

research, ultimately supporting the establishment of the sanctuaryôs designated Research Area 

in 2011. GRNMS and the surrounding region also have strong heritage connections to fishing, 

which has remained important across generations. Fishing has also historically been an 

important com ponent of Gullah/Geechee culture. The experiences of Gullah/Geechee and other 

fishers in coastal Georgia waters and GRNMS have been documented in oral histories. 

Creating a sense of place for GRNMS has been challenged by a lack of awareness about the 

sanctuary among most people, although indications of improvement were documented during 

the study period. Increased public awareness of the sanctuary has been promoted through news, 

journal, and magazine articles; research publications; television programs; video 

documentaries; educational exhibits; social media; and special outreach events. GRNMS is 
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known among anglers as a valued sport fishing and recreational diving destination, and its sense 

of place is strengthened by the presence of iconic species valued for fishing and wildlife viewing, 

including red snapper, king mackerel, black sea bass, loggerhead turtles, and North Atlantic 

right whales. More information is needed to fully assess this ecosystem service, including 

dedicated studies of sense of place, and particularly information on sense of place among the 

Gullah/Geechee people as it relates to GRNMS.  

Consumptive recreation, specifically recreational fishing, is an important ecosystem service 

provided by the sanctuary. Regional and sanctuary-specific data suggested that this service 

remained stable during the study period. Because of its distance from shore, recreational fishers 

visit GRNMS less frequently than inshore sites. Those who do visit the sanctuary had mixed 

opinions about the status of pelagic fish populations, with approximately equal proportions 

reporting they perceived these resources were improving, not changing, or getting worse.  

Non-consumptive recreational activities at GRNMS include scuba diving and boating, however 

these activities are also somewhat limited by the sanctuaryôs distance from shore, as well as 

ocean conditions and weather. Although the number of divers known to vi sit the sanctuary may 

be limited, those who do visit value it, as evidenced by numerous repeat dive charter customers. 

Awareness of the uniqueness of GRNMS as a diving destination has also increased over time. 

 

GRNMS is highly valued as a recreational diving destination, but relatively few divers visit due to its 
distance from shore and challenging ocean conditions. Photo: G. McFall/NOAA 
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Response to Pressures 

During the study period, GRNMS responded to pressures through regulatory measures, 

education and outreach, and other initiatives. One of the most significant regulatory changes 

during the study period was the designation of a dedicated Research Area in the southern third 

of the sanctuary. Fishing, diving, transporting unsecured fishing gear, and stopping a vessel are 

prohibited within the Research Area. Additionally, GRNMS maintained sanctuary -wide 

prohibitions on activities that may harm the sanctuary, inc luding anchoring of vessels and 

harvest of marine organisms by methods other than rod and reel.  

GRNMS has also worked to inform the public about the sanctuaryôs unique ecology and 

regulations in place to protect it. Education and outreach efforts have included virtual reality 

dive tours of GRNMS; web and social media content; magazine articles; interpretive signage at 

boat ramps and marinas; and collaborative sanctuary exhibits at partner institutions. The 

GRNMS Sanctuary Advisory Council includes representatives from a wide variety of user and 

other interest groups, including the sport fishing and re creational diving communities, two of 

the biggest sanctuary user groups. GRNMS has developed specific outreach materials for fishers 

and divers to share information and best practices for responsible use of the sanctuary.  

 

Management responses are designed to protect all GRNMS resources. Photo: G. McFall/NOAA  
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Scientific research activities during the study period have helped to inform management action. 

For example, studies of vessel activity at GRNMS have aided in understanding patterns of use. 

Sanctuary managers rely upon data streams from National Data Buoy Center station 41008 

(located within the sanctuary), which provides real -time weather and safety information to 

sanctuary users, but also generates key oceanographic data to aid GRNMS in monitoring and 

understanding changing ocean conditions. Scientific partnerships with government, academic, 

and nonprofit organizations have helped to leverage these data and generate new information 

about sanctuary biology, ecology, chemistry, paleolandscapes, and more. The potential impacts 

of scientific research itself continue to be managed through careful permitting and review of 

after-action reports.  

Although GRNMS does not have management authority over coastal and offshore development, 

it works with various partners and the Sanctuary Advisory Council concerning activities that 

may affect the sanctuary. For example, the advisory council sent a letter to the U.S. Bureau of 

Ocean Energy Management in 2015 opposing a proposed draft oil and gas leasing program for 

the continental shelf within the Atlantic Region due to potential negative impacts on the 

sanctuary. The GRNMS Advisory Council has also worked to develop marine conservation 

recommendations and needs for the South Atlantic Bight in response to the America the 

Beautiful initiative, which aims to protect 30% of U.S. lands and waters by 2030. GRNMS also 

coordinates with law enforcement agencies to optimize patrols of the sanctuary based on known 

vessel use patterns to ensure compliance with protective regulations. 

Conclusion 

The sanctuaryôs offshore location limits direct human pressures on water quality, habitat, and 

living resources, and most data suggest that observed changes in the sanctuary have been largely 

driven by natural factors, resulting in status ratings of good to good/fair for GRNMS resources. 

However, temperature, CO2 levels, and storm frequency increased, and some focal species for 

GRNMS, such as North Atlantic right whales, faced ongoing problems. A number of data gaps 

precluded a full assessment of trends in some aspects of water quality, contaminants, and the 

status and trends of some focal species. Ecosystem services were in good/fair to fair condition. 

Particular challenges included a lack of staff capacity to provide sanctuary education and 

outreach opportunities during the study period and a lack of awareness of the sanctuary among 

the general public. However, increasing awareness and the recent dedication of the Grayôs Reef 

Ocean Discovery Center resulted in an improving trend for both education and sense of place. 

This condition report will support the development of a new management plan, and its findings 

will serve as an important foundation to help GRNMS set future priorities based on identified 

needs and ensure current management and regulatory responses are adequate. GRNMS staff 

will be fully evaluating the data gaps and information needs highlighted in this report to ensure 

the next management plan addresses the highest priority topics and management actions. 
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Colorful invertebrates are part of the diverse resources protected by GRNMS. Photo: G. McFall/NOAA 
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Grayôs Reef National Marine Sanctuary 

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 of and trends in 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, 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 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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Pressures 

What are the levels of human activities that may adversely influence water quality and 

how are they changing? 

 
Status Description: Few or no activities occur that are likely 
to negatively affect water quality. 

Rationale: Salt marsh cover remained stable in coastal Georgia, although impervious surface 
cover increased slightly. Vessel registrations in coastal Georgia increased from 2015ï2021, 
potentially increasing the risk of vessel discharge within the vicinity of the sanctuary . However, 
no spills were reported in GRNMS from 2008ï2022. 

What are the levels of human activities that may adversely influence habitats and how 

are they changing? 

 

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

Rationale: Activities that could harm habitats, including recreational fishing, research 
activities, and scuba diving, occur regularly at GRNMS. However, available data suggest they 
did not occur at levels that resulted in measurable habitat impacts during the study period. 

What are the levels of human activities that may adversely influence living resources 

and how are they changing? 

 

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

Rationale: Vessel registrations and activity increased during the study period, but vessel 
activity was generally seasonal, peaking in summer. The majority of vessels visiting the 
sanctuary engaged in fishing. The number of recreational fishing trips and landings in federal 
waters offshore of Georgia were higher during the current study period compared to historical 
levels; trends were stable during the study period, except for an increase in the number of fish 
caught and released. Recreational fishing information and fishery-independent data specific to 
GRNMS were lacking, but experts agreed that although fishing pressure should be further 
examined in the sanctuary, it likely occurred at sustainable levels during the study period.2 

 
2 Due to time constraints, a status rating for this question was not determined during the expert 
workshop. This status rating was determined later by GRNMS staff, who reevaluated the indicators, data 
sets, and expert input provided during the workshop.  
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Water Quality  

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: Chlorophyll concentration and anomalies varied seasonally but were stable overall, 
nutrient levels were low, evidence of short-term hypoxia events was limited, and seasonal 
trends in turbidity and riverine input were consistent.  

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: Mercury contamination advisories were issued for one targeted fish species, and 
one study found heavy metals in biota that exceeded some consumption advisories. No 
ciguatera fish poisoning cases were reported, and only one day of favorable conditions for 
Vibrio spp. was observed during the study period for this report. No offshore phytoplankton 
data were available to assess harmful algal blooms. Many available human health metrics rely 
on data from outside the sanctuary. 

Have recent, accelerated changes in climate altered water conditions and how are they 
changing? 

 

Status Description: Climate-related changes are suspected 
and may degrade some attributes of ecological integrity, but 
have not yet caused measurable degradation. 

Rationale: Changes in a number of key climate parameters (e.g., increasing temperature, 
increasing storm frequency, increasing CO2) were detected, but no large impacts on or 
measurable degradation of resources were observed from 2012ï2022. 
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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: No contaminant discharges from vessels were reported within the boundaries of 
GRNMS during the study period. Discharge of contaminants (primarily petroleum) did occur 
within 100 kilometers of the sanctuary, although there was no trend in the number of inci dents 
or volume of material released during the study period. No direct sampling of GRNMS waters 
for contaminants associated with these regional events has occurred, representing an 
important knowledge gap.  

Habitat  

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

 Status Description: Habitats are in near-pristine condition . 

Rationale: Available data suggest no changes to habitat at GRNMS other than those likely 
from natural processes (e.g., storm activity, sand movement). New and ongoing monitoring is 
required to increase understanding of the dynamics of sanctuary habitat integrity.  

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: Some contaminants were present in GRNMS sediments and biota, but they were 
detected at low levels that would not be expected to significantly degrade ecological integrity. 
However, data on contaminants were limited to one or few time points.  
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Living Resources  

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

 
Status Description: Conflicting signals from indicators 
prevent the selection of a singular status rating. 

Rationale: Select focal fish (red snapper, tomtate, black sea bass, king mackerel) and coral 
(Oculina arbuscula ) species remained stable or improved within GRNMS during the study 
period. Conversely, North Atlantic right whales are endangered and experienced an unusual 
mortality event during the study period. For other species, including loggerhead sea turtles, 
sand tiger sharks, and Halymenia spp. algae, data were too limited to determine status or 
trends.3 

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: To date, the abundances of non-indigenous species in GRNMS have been low, and 
impacts have not been observed nor are they suspected. Limited data suggest high variability 
and no consistent trends across most indicators. 

What is the status of biodiversity and how is it changing? 

 

Status Description: Selected biodiversity loss or change is 
suspected and may preclude full community development 
and function, but has not yet caused measurable degradation. 

Rationale: Biodiversity data were available for fish and invertebrates, but were limited for 
infauna and macroalgae, which are particularly important, as they are indicators for climate 
change. Metrics for observed species appeared to be stable; however, there is lack of 
information regarding species turnover, as well as for observed increases of tropical fishes. 

 

 
3 Due to time constraints, status and trend ratings and associated confidence scores for this question were 
not determined during the expert workshop. They were determined later by GRNMS staff who 
reevaluated the indicators, data sets, and expert input provided during the workshop.  
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Grayôs Reef National Marine Sanctuary 

Summary of Ecosystem Services 

 

The various 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, which is a short statement or list of criteria used to justify the rating.  
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Cultural Services (Non -Material Benefits)  

Science ð The capacity to acquire and contribute information and knowledge 

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

Rationale: GRNMS has supported scientific activities throughout the study period and is a 
valued site for scientific research in the South Atlantic region. Research activity, publications, 
and public support for research remained consistent throughout the study period; however, 
some limitations on vessel availability may have affected the overall capacity for science during 
the study period.4 

Education ð The capacity to acquire and provide intellectual enrichment 

 

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

Rationale: Staffing limitations hindered the ability of GRNMS to provide some education 
programming and community events during the study period; however, external partnerships 
and volunteers aided in filling this gap. Virtual engagement via the GRNMS website and social 
media generally remained stable, and a website redesign in early 2023 increased site traffic. 
Exhibits at partner institutions provided key opportuni ties to learn about the sanctuary, and 
interactive kiosks helped increase engagement. The dedication of the Grayôs Reef Ocean 
Discovery Center in 2022 was an important step toward increasing site capacity for education 
and outreach. 

  

 
4 Due to time constraints, a trend rating and associated confidence score for this question were not 
determined during the expert workshop. This trend rating and associated confidence score were 
determined later by GRNMS staff who reevaluated the indicators, data sets, and expert input provided 
during the workshop.  
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Heritage ð Recognition of historical and heritage legacy and cultural practices 

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

Rationale: Recent research has improved the understanding of past human connections and 
demonstrated that the region that is now GRNMS was used by prehistoric cultures. In recent 
history, GRNMS has developed a legacy as an important site for scientific research. Coastal 
Georgia and GRNMS have strong heritage connections to fishing, documented in recent years 
through development of extensive oral history archives. Gullah/Geechee cultural ties to fishing, 
ocean use, and scientific discoveries at GRNMS have also been documented through oral 
histories. While knowledge and understanding of heritage connections to GRNMS and 
surrounding waters have increased, more information is needed, particularly to understand the 
connections between the sanctuary and Indigenous peoples, both in the past and today. 

Sense of Place ð Aesthetic attraction, spiritual significance, and location identity 

 

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

Rationale: For people who are aware of and appreciate Grayôs Reef, the sanctuaryôs aesthetic 
attraction, significance, and location identity remain strong. Proxy measures such as 
recreational fishing activity, popularity of iconic marine species, and interest in scub a diving 
reflected this value. Although awareness of the sanctuary improved during the study period, 
lack of awareness among most people remained a problem. Appreciation of Grayôs Reef 
predates GRNMS, but efforts to measure the sense of place ecosystem service are new. Ocean 
user surveys have not previously targeted sense of place values, so more complete and direct 
data for understanding this service is needed.5 

  

 
5 Due to time constraints, status and trend ratings and associated confidence scores for this question were 
not determined during the expert workshop. They were determined later by GRNMS staff who 
reevaluated the indicators, data sets, and expert input provided during the workshop.  
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Consumptive Recreation ð 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: Surveys of fishing permit holders, observations of vessels, vessel registration data, 
and recreational landings data indicate that waters off the coast of Georgia, including GRNMS, 
continue to provide opportunities for recreational fishing. However, many available data sets 
were not specific to the sanctuary. Experts noted that while some key species remain plentiful 
in the sanctuary, the ability to harvest others has declined due to new federal regulations. The 
available evidence, though limited for GRNMS specifically, does not suggest significant 
changes in use of the sanctuary for consumptive recreation.  

Non-Consumptive Recreation ð 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, but performance is acceptable. 

Rationale: Opportunities for non -consumptive recreation, specifically boating and scuba 
diving, are available in GRNMS. However, some opportunities are limited by a lack of 
infrastructure (i.e., mooring buoys for diving), the sanctuaryôs distance from shore, and 
economic factors (e.g., cost to get to the sanctuary). Although data were limited, vessel 
presence and transits, as well as awareness of and demand for diving in the sanctuary have 
increased. 
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Sanctuary Setting 

 

Overview 

Grayôs Reef National Marine Sanctuary (GRNMS), located off the east coast of Georgia, is one of 

the largest known nearshore ñlive-bottomò reefs of the southeastern United States. Live bottom 

refers to hard or rocky seafloor that typically supports high numbers of large invertebrates, such 

as sponges, soft corals, and sea squirts. The sanctuary encompasses approximately 22 square 

miles (about 5.5 by 4.0 miles) and is situated roughly 19 miles east-southeast of Sapelo Island, 

Georgia on the eastern continental shelf of the United States, west of the Blake Plateau (Figure 

SS.1). The depth of the sanctuary ranges between 55 and 70 feet below mean sea level. GRNMS 

is currently the only protected natural reef area on the continental shelf off the Georgia coast, 

and one of only a few natural marine protected areas in the ocean between Cape Hatteras, North 

Carolina and Cape Canaveral, Florida.  

Although GRNMS comprises just a small part of the U.S. territorial Atlantic Ocean, its value as a 

natural marine habitat is recognized nationally and internationally, and it has served as a living 

laboratory for the long -term study of live -bottom habitats and ocean conditions in the South 

Atlantic Bight. The sanctuaryôs legacy of scientific research began prior to designation, 

continued with the establishment of a research-only area in 2011 (the ñResearch Areaò), and 

includes studies that have produced critical scientific knowledge on regional climate change and 

ocean acidification, weather modeling, the dynamics of invertebrate and fish populations, and 

continental shelf live -bottom bathymetry. Its unique biodiversity also draws recreational fishers 

and scuba divers. Although GRNMS is an offshore sanctuary accessible only by boat, its well-

known location and detailed mapping make it easier to visit than other offshore reefs. Sanctuary 

managers promote its sustainable recreational use. 
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Figure SS.1. The location of GRNMS relative to the coastline of Georgia and the southeastern United 
States. Image: Tony Reyer/NOAA 

History 

Geologic History 

The earliest relevant formation of the eastern continental shelf, including Grayôs Reef, began 

during the Pliocene epoch (5.3ï2.6 million years BP; Garrison et al., 2016), with the 

consolidation of ocean and terrestrial sediments (sand, shell, and mud) that were laid down as 

loose aggregate. Following consolidation of these sediments during the Pleistocene epoch (2.6 

million ï11,700 years BP), the coastal plain and continental shelf saw multiple changes in sea 

level. Driven by glacial periods, sea level rose and fell at least seven times, periodically exposing 

the sanctuary and surrounding continental shelf as land. This cycle caused layers of sediments to 

collect while underwater and compact when exposed to air, gradually building the calcareous 

sandstone strata below Grayôs Reef. The rocky ledges and outcrops within the sanctuary were 

last exposed as land 11,500 to 10,800 years BP. Notably, periods in which Grayôs Reef was 

exposed as land resulted in the accumulation of mammalian fossils, including horse, camel, 

deer/antelope, extinct species of gray whale, mammoth, and bison, as well as artifacts associated 

with human habitation (Garrison et al., 2016).  
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Regional Cultural History 

The state of Georgia is the closest shoreline to GRNMS. The cultural history of coastal Georgia 

and the South Atlantic Bight region spans centuries of interactions that connect people and 

cultures, from Indigenous tribes and nations to European settlers an d enslaved Africans and 

their descendants. 

Prior to European colonization, Indigenous peoples, including the Muscogee (Creek), Yuchi, and 

Guale (pronounced ñwah-lehò), inhabited the coastal plains and barrier islands. These 

Indigenous peoples established societies with unique cultural practices, including intricate 

pottery, shell mound construction, and ceremonial rites that reflected their deep connection to 

the land and sea. Cultural artifacts from the Clovis Period (13,050 to 12,750 years BP), including 

an arrowhead and a scraper, have been found at GRNMS (Figure SS.2). These objects would 

have been used by Indigenous peoples when humans inhabited the area that is now Grayôs Reef 

as land (Garrison et al., 2016). 

 

Figure SS.2. Laser scans and renderings of artifacts found at GRNMS. Scale bars for projectile point and 
scraper are each 10 mm. Laser scans furnished by the Laboratory of Archeology, University of Georgia. 
Image: Garrison et al., 2016 
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The arrival of European explorers and settlers in the 16th century brought significant changes to 

the regionôs cultural landscape. Spanish missionaries established missions along the coast, with 

the intent to convert Indigenous peoples to Christianity and assimilate them into Spanish 

colonial society. Meanwhile, British colonization efforts led to the establishment of Georgia as a 

British colony in 1733, with James Oglethorpe founding the city of Savannah as its capital. The 

City of Savannah was founded on the traditional lands of the Yamacraw Tribe.  

The plantation economy that emerged in coastal Georgia relied heavily on the labor of enslaved 

people who originated primarily from West Africa through kidnapping and forced migration. 

Varied cultural influences of these peoples, including languages, religions, and culinary 

traditions, are integral components of the American Southôs cultural heritage. The 

Gullah/Geechee Nation, descendants of enslaved Africans, preserved their unique language, 

Gullah, and cultural practices, contributing to the regionôs unique blend of cultures. 

The Gullah/Geechee Nation has a spiritual connection with the waters of the South Atlantic 

Bight. The often heard Gullah Geechee proverb ñde wata bring we and de wata gwine tek we 

bakò connects the nationôs ancestral traditions with these waters (Suatoni et al., 2024). The 

South Atlantic Bight ocean region is also the resting place of Gullah/Geechee ancestors who did 

not survive the forced migration across the Atlantic, known as ñthe Middle Passage.ò 

The American Civil War and Reconstruction era marked a tumultuous period in the regionôs 

history, with coastal Georgia experiencing significant social and economic upheaval. Following 

the abolition of slavery, the rise of Jim Crow segregation laws fostered continued societal 

divisions and disparities that persist today. In the 21st century, the legacies of Indigenous tribes 

and nations, African peoples, and European settlers continue to contribute to the cultural 

tapestry of coastal Georgia. 

Sanctuary History 

GRNMS is named in honor of Milton B. ñSamò Gray, a biological collector, taxonomist, and 

curator at the University of Georgia Marine Institute. Gray conducted the first known survey of 

the reef in 1961 (see Heritage in the Status and Trends of Ecosystem Services chapter of this 

report for more information). Previously known as ñSapelo Live Bottom,ò the reefôs current 

name was first proposed in a thesis by graduate student Jesse Hunt, which resulted from his 

first intensive study of the reef in 1974 under the direction of Dr. V.J. Henry. The Georgia 

Department of Natural Resources adopted the name when it nominated the reef for 

consideration as a national marine sanctuary in 1978. The designation process officially began in 

1980, and included formal consultat ions with agency partners, as well as public hearings and 

feedback, and GRNMS was ultimately designated the following year (Moore, 2022).  

Following the designation of GRNMS, studies of geology (Harding & Henry, 1990), paleoecology 

(Noakes et al., 2013), fish assemblages (Nelson & Parker, 1986), benthic assemblages (Cooksey 

et al., 2004), and predator -prey fish behavior (Auster et al., 2009) continued to shape 

knowledge of the sanctuary and the South Atlantic Bight. In 1997, the National Data Buoy 

Center deployed an ocean data buoy in GRNMS to monitor wind, waves, and weather. Buoy 

41008 (referred to hereafter as the ñGRNMS data buoyò) provides continuous, real-time 

atmospheric data, allowing visitors to evaluate weather and safety conditions at the sanctuary, 
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and also allowing scientists to conduct time-series analyses and calibration of marine 

technologies (Monacci et al., 2019). 

The 8.27-square-mile Research Area was designated in 2011 to enhance the ability to 

discriminate scientifically between natural and human -induced change to species, communities, 

and associated habitats (Kendall & Eschelbach, 2006). The ability to conduct investigations in a 

marine environment relatively free of direct human influences is critical to meet the resource 

protection and scientific research mandates of GRNMS. Although allowable fishing gear is 

limited in the sanctuary, recreational fishing contin ues to exert pressure on targeted sanctuary 

resources (Roberson et al., 2020). 

Physical Setting 

Oceanography 

GRNMS is influenced by three main oceanographic processes: coastal river input, semidiurnal 

tides, and ocean currents. The interplay between these establishes a dynamic setting at GRNMS, 

making it a hotspot of biodiversity and a vital component of the larger Atlantic Ocean 

ecosystem. In winter, water temperatures range between 57ï68°F, and in summer, water 

temperatures range from 77ï86°F. These seasonal temperature ranges affect fish community 

composition in the sanctuary throughout the year (Roberson et al., 2020).  

Rivers 

Five Georgia rivers play an important role in freshwater input to coastal marshes and live-

bottom habitats like those within GRNMS (Figure SS.3). From north to south along the Georgia 

coast, the Savannah, Ogeechee, Altamaha, Satilla, and St. Maryôs rivers drain approximately 

26.4 million acres of South Carolina, Georgia, and Florida into the Atlantic Ocean. The 

Altamaha River is the closest to the sanctuary and discharges an annual average of 10,500 cubic 

feet per second (U.S. Geological Survey, 2023). River discharge ranges between approximately 

2,000 cubic feet per second in winter and approximately 50,000 cubic feet per second in spring. 

For more information on water quality and freshwater input influencing GRNMS, see Water 

Quality in the Status and Trends of Sanctuary Resources chapter of this report. 
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Figure SS.3. Coastal Georgia has five rivers that drain in the vicinity of GRNMS. Image: Tony 
Reyer/NOAA 
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The rivers drain through coastal salt marshes of Georgia and the southeastern United States, 

shaping their ecology and dynamics. These marshes, where freshwater from rivers meets the 

saline waters of the Atlantic Ocean, create a diverse ecosystem and play an important role in 

filtering nutrients and pollutants (Figure SS.4). Nutrient -rich sediment carried by rivers 

nourishes marsh grasses and supports a variety of marine life, from fish and crustaceans to birds 

and mammals. Some of the animals found at GRNMS spend their juvenile years in coastal salt 

marshes, where the grasses, oyster reefs, and tributaries act as a nursery for some ocean species. 

As the rivers carry sediments and nutrients downstream, they also play a crucial role in 

nourishing the live -bottom reefs that thrive along the Atlantic coast.  

 

Figure SS.4. Coastal salt marshes are vital coastal ecosystems that support vibrant marine life, feed into 
live-bottom habitats in the ocean, and provide essential nutrients and shelter for diverse marine species. 
Photo: Matt McIntosh/NOAA 

Tides 

The South Atlantic Bight tides are semidiurnal, featuring two high tide peaks and two low tide 

troughs over a 24-hour period. This is typical of tidal patterns along the southeast Atlantic coast. 

Tides in Georgia range from 6ï9 feet, which is atypical compared to the areas around Cape 

Hatteras or Miami, the northern and southern bounds of the bight, where tidal ranges are one -

third of those on the Georgia coast. The geography of Georgia, as the westernmost point of the 

Atlantic coast region, drives these tidal patterns. The large tidal range and semidiurnal timing 

means that millions of gallons of water are regularly moving from the coastal rivers, coastal salt 

marshes, and barrier islands to offshore environments. 
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Currents 

The Gulf Stream, a northward-flowing, powerful warm ocean current, influences the water 

temperatures, nutrient transport, and biodiversity in GRNMS. The Gulf Stream flows along the 

edge of the continental shelf while in the Georgia Bight, and diverges northeastward and 

offshore into the north Atlantic Ocean at Cape Hatteras. The strongest section of the Gulf 

Stream lies approximately 60 miles east of GRNMS, but eddies spin off from the main flow to 

affect habitats and life in the sanctuary.  

Biological Setting 

GRNMS is characterized by two benthic habitat types: live bottom and sandy seafloor. These 

habitats support diverse and abundant wildlife. Ledges and bedrock are densely colonized by 

sponges, tunicates, macroalgae, and other organisms (Figure SS.5). These ledges are surrounded 

by sandy substrates teeming with infaunal invertebrates such as worms, clams, and anemones. 

These habitats, both biogenic and abiotic, provide food and shelter for many invertebrates and 

fishes (Kendall et al., 2005, 2007; Gleason, 2020) and also represent key bottom types of the 

South Atlantic Bightôs shelf region (Kendall et al., 2005; Kendall & Eschelbach, 2006). 

GRNMS is a dynamic area, influenced by daily tidal patterns and seasonal north-south currents. 

These physical characteristics result in changes over multiple time scales and weathering events, 

including scouring by storms, the collapse of ledges, ledges becoming exposed and colonized, 

and burial of ledges by shifting sand. The ledges of GRNMS have been described as ñribbons of 

life in a sea of sand;ò however, the sand is also abundant with life, most of it living hidden below 

the subsurface (Kendall et al., 2005, 2007).  

Live Bottom 

Live-bottom habitats, mostly composed of a dense carpet of vibrant and diverse invertebrates, 

are present in roughly 26% of the sanctuary (Kendall et al., 2005). Natural and artificial reefs 

dot the seafloor across the South Atlantic Bight; however, GRNMS is the only protected natural 

reef in this region. Within the bight as a whole, it is estimated that natural reefs cover 1,025 

square miles (2.57% of the bight, roughly the size of the state of Rhode Island), and artificial 

reefs cover just over one square mile (<0.01% of the bight; Steward et al., 2022). GRNMS 

represents approximately 0.5% of this natural cover, and is one of the largest known nearshore 

live-bottom reefs in the southeast United States. 

Live bottom is classified into two types: sparsely and densely colonized. Densely colonized live 

bottom consists of higher-relief, exposed sandstone carbonate that is colonized with nearly 

continuous, and sometimes multi -layered, coverage of sessile benthic organisms such as 

bivalves, stony and soft corals, sponges, and tunicates (Kendall et al., 2005). Features of densely 

colonized live bottom include undercuts, scoured ledge facies, and ledges with vertical relief of 

about 1.5ï6.5 feet (Figure SS.6). Various morphological features encountered at GRNMS 

include higher -relief structures, such as ledge tops and flat-top ridges, and lower-relief areas, 

such as rock-littered troughs and slopes. The various morphologies of the reef create space for 

burrowing anim als or cryptic fish species to live (Hunt, 1974).  
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Figure SS.5. Densely colonized live bottom consists of intricate high-relief ledges, undercuts, and rocky 
seafloor covered with a carpet of marine life that includes algae, sponges, tunicates, and soft corals. 
Photo: Greg McFall/NOAA 
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Figure SS.6. Cross-section illustration of live-bottom habitat at GRNMS. Image: Hunt, 1974 

Sparsely colonized live bottom consists of low-relief and partially exposed calcareous sandstone 

substrate that is colonized with a sparse assemblage of sessile benthic organisms with a thin 

veneer of sand covering much of the bottom (Kendall et al., 2005; Figure SS.7).  

 

Figure SS.7. Sparsely colonized live bottom consists of partially exposed substrate occupied by 
invertebrates, such as small sponges, soft corals, and small hard corals. Photo: Greg McFall/NOAA 
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Sandy Seafloor 

Nearly three-quarters of the GRNMS seafloor consists of unconsolidated sediments, which are 

categorized as flat or rippled sand (Figure SS.8; Kendall et al., 2005). The locations and 

dynamics of sandy areas are driven by waves and tidal currents. Throughout these sandy 

habitats, bioturbation caused by polychaetes, echinoderms, and burrowing fishes is visible, 

ranging from reworking of surface material to mound building and other excavations (Kendall et 

al., 2005). 

 

Figure SS.8. There are two bottom habitat types within the sanctuary: sand (flat and rippled) and live 
bottom (sparsely and densely colonized). Image: Kendall et al., 2007 

Living Resources 

The geologic bedrock and oceanographic transport via the Gulf Stream current and associated 

eddies provide an ideal setting for the formation of live -bottom ecosystems at GRNMS. These 

ecosystems are particularly renowned for their iconic ledges formed by the unique geological 

structure of the reef. These ledges create a complex and varied underwater landscape, offering 

numerous nooks and crannies that serve as shelters and breeding grounds for marine life. Many 

of these species use Grayôs Reef as a permanent home, while others use it as a crucial temporary 

habitat during their migrations. The intricate ledges play a key role in the biodiversity and 

ecological significance of GRNMS, making it a vital national marine sanctuary in the South 

Atlantic Bight.  
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Benthic Fauna 

Algae and invertebrates grow on exposed rock surfaces in the sanctuary. The foundation of the 

GRNMS seafloor habitat is its carpet of invertebrates that attach to the sanctuaryôs iconic ledges. 

Over 900 species of invertebrates have been described at GRNMS, including bryozoans (moss 

fauna), ascidians or tunicates (sea squirts), sponges, stony and soft corals, barnacles, and hard-

tube worms, which provide essential habitat and refuge for numerous marine organisms (Figure 

SS.9). These sessile invertebrates filter feed on plankton, contributing to the reefôs overall 

productivity while serving as a food source for other animals. In flat and rippled sand areas, 

infaunal communities of burrowing worms, bivalves, gastropods, and echinoderms are 

distinguished by num erous burrows (Kendall et al., 2007; Hyland et al., 2006). Mobile 

invertebrates like crabs, sea cucumbers, sea stars, and sea urchins use burrows within the reef 

for protection and foraging. Their presence not only adds to the sanctuaryôs biodiversity, but 

also facilitates nutrient cycling and sediment turnover, essential processes for maintaining 

ecosystem health (Gleason, 2020). 

 

Figure SS.9. Tunicate colonies carpet the rock ledges of Grayôs Reef, providing food for reef life, shelter 
for small fishes, and stability to the rocky substrate. Photo: Greg McFall/NOAA 

  



Sanctuary Setting 

34 
Grayôs Reef | Condition Report 

Planktic Communities 

Shelf waters in the South Atlantic Bight are significantly influenced by terrestrial watersheds, 

with variations in rainfall and storm activity affecting them seasonally and annually (López -

Figueroa et al., 2023). Phytoplankton are primary producers along the shelf, and copepod-

dominant zooplankton communities provide a dominant food source for reef -dwelling 

organisms. GRNMS frequently experiences tropical storms, which cause strong wave action, 

deep mixing, and heavy rainfall. Additionally, water exchanges between the shelf and the slope 

impact flushing rates and nutrient flux, which in turn affect plankton community composition.  

Fishes 

Grayôs Reef attracts numerous species of benthic fishes, which live on or near the substrate, and 

pelagic fishes, which swim in the water above. These include black sea bass, snappers, groupers, 

and mackerels. Because GRNMS lies in a transition area between temperate and tropical waters, 

fish community composition changes seasonally. Topographically complex sandstone carbonate 

live-bottom ledges within GRNMS provide protection and foraging opportunities for over 200 

species of fishes (Kendall et al., 2008; Roberson et al., 2020). Fish species may use the 

sanctuary as year-round home or as a temporary stop during migration (Williams et al., 2019). 

The most commonly observed fish at GRNMS include tomtate, black sea bass, and schooling 

scad (Figure SS.10). Other common fishes include Atlantic spadefish, oyster toadfish, red 

snapper, and various species of groupers, wrasses, and blennies (Muñoz et al., 2020). Migrating 

fishes that have been identified in GRNMS include Atlantic bluefin tuna, Atlantic sturgeon, and  

various species of sharks, such as great hammerhead, sand tiger, blacktip, and bull (Williams et 

al., 2019). Common pelagic fishes observed in GRNMS include tunas, mackerels, cobia, and 

other species of sharks (Auster, 2020; Williams et al., 2019). 

 

Figure SS.10. Tomtate, scad, and porgy are among the many schooling fish that live at Grayôs Reef. 
Photo: Greg McFall/NOAA 
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Marine Mammals 

Marine mammals such as Atlantic spotted dolphins and common bottlenose dolphins feed at 

GRNMS, taking advantage of the abundance of prey in the sanctuaryôs protected waters. Their 

occasional visits serve as a reminder of the sanctuaryôs interconnectedness with larger marine 

ecosystems and its importance for a wide range of marine life. GRNMS is also within the only 

known winter calving ground of the critically endangered North Atlantic right whale (Figure 

SS.11). Between mid-November and mid-April, female r ight whales migrate south to the coasts 

of North Carolina, South Carolina, Georgia, and Florida to give birth and nurse calves. For more 

information about marine mammals at GRNMS, see Living Resources in the Status and Trends 

of Sanctuary Resources of this report.  

 

Figure SS.11. Right whale ñHaloò (Catalog #3546) and her calf, sighted on January 14, 2024 
approximately 8.4 nautical miles east of St. Catherines Island, Georgia. Photo: Clearwater Marine 
Aquarium Research Institute (taken under NOAA permit #26919) 

Turtles 

Sea turtles, primarily loggerhead sea turtles, commonly traverse the sanctuaryôs waters, foraging 

on sponges and algae within the live-bottom habitat. Loggerhead sea turtles have been observed 

wedged under the ledges of Grayôs Reef (Figure SS.12). Other species of turtles less commonly 

observed at GRNMS include green, leatherback, Kempôs ridley, and hawksbill sea turtles. 

Loggerhead sea turtles have been observed to rest continuously at GRNMS for up to 144 

minut es, primarily during twilight and night periods (Auster et al., 2020a).  
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Figure SS.12. Loggerhead sea turtles are commonly observed foraging on and resting under the ledges 
at GRNMS. Photo: Greg McFall/NOAA 

Marine and Coastal Birds 

Ocean birds of the southeastern United States, including shearwaters, petrels, and albatrosses, 

are often seen gliding effortlessly over the Atlantic Ocean. The GRNMS data buoy inadvertently 

serves as an aggregator and resting spot for many species of terns, gulls, and gannets. These 

birds sometimes act as surface predators during bait ball hunts initiated by predatory fishes or 

dolphins.  
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Drivers and Pressures on the Sanctuary 

 

For the purpose of condition reports, drivers, or driving forces, are defined as societal values, 

policies, and socioeconomic factors that influence human pressures on the ecosystem. By 

shaping the ways that humans interact with the marine environment, driving forces can result in 

either positive or negative impacts (pressures) on the condition of resources like water, habitat, 

living resources, and maritime heritage resources. In turn, the condition, or state, of resources 

determines the flow of benefits that humans are able to derive from that ecosystem. Accordingly, 

understanding driving forces can be useful for anticipating, evaluating, and reacting to changes 

in the condition of resources and ecosystem services. 

Drivers on the Sanctuary 

Although pressures on sanctuary resources occur locally, drivers emerge at many different 

scales, from local to global. A pressure may be affected by one or more drivers, and a driver may 

affect multiple pressures. For example, human population growth at a ll scales can increase 

demand for seafood and, as a result, fishing pressure. Fishing pressure is also influenced by 

drivers like fuel prices and ocean policy, and population drivers simultaneously influence other 

pressures like marine debris and vessel traffic. Drivers and pressures vary from sanctuary to 

sanctuary. Relevant drivers and associated pressures were identified in consultation with 

GRNMS staff and based on past experience identifying drivers and pressures at other sanctuary 

sites. Table D.1 summarizes the drivers that influence pressures at GRNMS and the scales at 

which they occur. 

Drivers affect pressures by influencing demand for marine-based goods and services like food, 

energy, recreational opportunities, and transportation. Drivers that influence demand in 

GRNMS include population, per capita income, trade policy, and societal values and 

conservation ethic. Other factors that influence demand may include consumer tastes and 

preferences. As demand for marine resources increases, higher prices and/or quantity 

demanded create incentives for higher levels of extraction or use, which can impact the state of 

resources. 

Other drivers influence the supply of or access to marine resources. Examples include fuel 

prices, technological advancement, ocean policy, and regulatory exemptions. Fuel prices and 

technology determine the cost and feasibility of exploiting marine resour ces and, subsequently, 

levels of activity and use. The other drivers relevant to GRNMS relate to the governance of 

marine resources. Ocean policy (e.g., permitting for offshore energy, vessel speed reduction 

zones, fishing regulations), along with regulatory exemptions, may increase or decrease 

pressures on resources. Many of these drivers do not act in isolation, but are interconnected and 

may result in cumulative impacts on pressures. 
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Table D.1. Drivers and their relationship to pressures that affect GRNMS resources. Each row begins with a pressure that is known to act at 
GRNMS, and bullets across the row indicate each driver that affects that pressure. Each column begins with a driver, and the bullets indicate the 
range of pressures upon which that driver acts. The letter(s) following each driver indicate the geographic scale(s) at which that driver originates to 
affect pressure (G = global, N = national, R = regional, L = local). The following narrative describes each driver and pressure in detail. 

Drivers (Ÿ) 
Pressures 
(Ź) 

Population 
(G, N, R, L) 

Per-
capita 
Income 
(G, N, R, L) 

Gross 
Domestic 
Product 
(G, N, R, L) 

Fuel 
Prices  
(G, N, R, 
L) 

Demand 
for 
Seafood 
(G, N, R, L) 

Regulatory 
Exemptions 
(N, L) 

Societal 
Values and 
Conservation 
Ethic  
(N, R, L) 

Trade 
Policy 
(N, R, L) 

Ocean 
Policy  
(N, R, L) 

Technological 
Advancement 
(G, N, R, L) 

Fishing Å Å Å Å Å  Å Å Å Å 

Coastal 
development 
and 
nearshore 
construction 

Å Å Å   Å Å  Å Å 

Nonpoint 
source 
pollution 

Å Å   Å  Å  Å Å 

Marine 
debris Å Å Å Å Å  Å  Å Å 

Vessel 
discharges Å Å Å Å Å Å  Å Å  

Changing 
ocean 
conditions 

Å Å Å Å Å  Å Å Å  

Visitation Å Å Å Å Å  Å  Å  
Non-
indigenous 
species 

Å Å Å  Å  Å  Å Å 

Research 
activities Å      Å  Å  
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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. Demand is a 

ubiquitous, primary driver of pressures on sanctuary resources. A growing population and 

increasing per capita income are likely to increase demand for consumer goods, which may lead 

to additional fishing and shipping. The data provided in this section are from the U.S. Bureau of 

Economic Analysis (2024). 

Higher real incomes enable consumers to buy more of the products that they already purchase 

and/or substitute preferred, more expensive products for cheaper ones. Activities required to 

meet increased demands could include fishing, transportation, construc tion, land development, 

and visitation. Basic economic theory states that as per capita income or population increases, 

demand for normal goods (such as seafood) increases. Thus, over the past decade, this increased 

demand likely resulted in increased pressures on GRNMS resources, created by higher demand 

for products and services. From 2008 to 2022, the population in the 10 -county GRNMS study 

area grew by roughly 19.6%, nearly doubling the rate of population increase for the United 

States (9.6%) and outpacing the rate of population increase for the states of Georgia (14.8%) and 

South Carolina (16.7%); thus, population-driven pressures in the study area may have increased. 

As of 2022, approximately 4.75% of South Carolina residents and 5.51% of Georgia residents 

lived in the study area. These population changes can influence land-based pressures on the 

marine environment, such as land use and waste management. From 2008 to 2022, real per 

capita income in the GRNMS study area increased by 15.7%, a smaller rate of change relative to 

the U.S. (20.7%). This change was smaller than both Georgia and South Carolina, where real per 

capita income increased by 23.4% and 22.0%, respectively.  
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Table D.2. Population and mean per capita income in the 10-county study area6 associated with GRNMS. 
The study area included Chatham, McIntosh, Glynn, Effingham, Bryan, Liberty, and Brantley counties in 
Georgia, as well as Beaufort, Jasper, and Hampton counties in South Carolina. Monetary values were 
inflation-adjusted to 2024 dollars. Source: U.S. Bureau of Economic Analysis, 2024; U.S. Bureau of Labor 
Statistics, 2024 

Year Population Population (% 
change) 

Mean Per Capita 
Income 

Per Capita 
Income (% 
Change) 

2008 708,630 ï $54,271 ï 

2009 727,597 +2.68% $52,338 -3.56% 

2010 732,725 +0.70% $51,600 -1.41% 

2011 743,225 +1.43% $53,459 +3.60% 

2012 752,660 +1.27% $52,396 -1.99% 

2013 758,037 +0.71% $51,922 -0.90% 

2014 771,129 +1.73% $53,175 +2.41% 

2015 781,118 +1.30% $55,598 +4.56% 

2016 791,114 +1.28% $55,716 +0.21% 

2017 798,564 +0.94% $56,459 +1.33% 

2018 804,083 +0.69% $57,669 +2.14% 

2019 814,084 +1.24% $59,154 +2.57% 

2020 819,556 +0.67% $62,162 +5.09% 

2021 830,785 +1.37% $66,827 +7.51% 

2022 847,368 +2.00% $62,767 -6.08% 

  

 
6 Primary counties included those with shoreline in closest proximity to GRNMS (McIntosh, Glynn), plus 
those that were known to provide access to GRNMS via infrastructure like ports and marinas (Chatham, 
Jasper, Beaufort), identified in consultation with si te leadership. After these primary counties were 
identified, secondary counties were selected using commuter flow data from the 5-Year American 
Community Survey. If a large number of people in a county commute to or from primary counties, that 
county was considered a secondary county. Specifically, if total flows to or from a non-primary to a 
primary county represented 10% or more of the primary countyôs labor force, the non-primary county was 
identified as a secondary county. Secondary counties included Hampton, Effingham, Bryan, Liberty, and 
Brantley.  
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Gross Domestic Product 

Another high -level driver that can affect all sanctuaries is the gross domestic product (GDP) of 

trade partners. Between 2008 and 2022, the top importers of U.S. seafood and other fishery 

products by both weight and value were Canada, China, Japan, South Korea, and the 

Netherlands (Food and Agriculture Organization of the United Nations, 2023; NOAA Fisheries, 

2024a). Changes in GDP in these countries have historically affected the demand for all goods. 

Additionally, seafood is bought and sold in a global market such that changes to demand directly 

affect prices of species caught in GRNMS, which may affect fishing behavior in and around the 

sanctuary itself. GDP growth for each of these trading partners is shown in Figure D.1. These 

countries have experienced fluctuations in annual GDP change, with all five countries 

experiencing declines in GDP after the COVID-19 pandemic. Since then, however, each country 

has experienced an increase in GDP relative to their GDP prior to the pandemic, indicating there 

may be an increase in pressure and demand for seafood imports at a national level moving 

forward.  

 

Figure D.1. GDP growth in the top five countries that import U.S. seafood products. Source: Organisation 
for Economic Cooperation and Development, 2024 
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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 and how to conduct activities like 

commercial fishing, recreational boating, and shipping (e.g., Sumaila et al., 2008; Maloni et al., 

2013). In turn, those decisions determine the intensity of pressures, such as vessel traffic, 

discharges, noise, and resource extraction. Importantly, changes in fuel prices do not impact all 

fisheries equally. Globally, fisheries targeting crustaceans or flatfish and those employing 

pots/traps or trawl gear have the highest intensity of fuel use in terms of volume of fuel per live 

weight landed (Parker & Tyedmers, 2014). The price of retail gasoline and diesel in the Lower 

Atlanti c region (as defined by the U.S. Energy Information Administration [Petroleum 

Administration for Defense District 1C, which includes Florida, Georgia, North Carolina, South 

Carolina, Virginia, and West Virginia]) and the United States remained variable bet ween 2008 

and 2022 (U.S. Energy Information Administration, 2024; Figure D.2). Because the sanctuaryôs 

westernmost boundary is a 70-mile round trip from the closest mainland harbor (Darien) and 

crosses open ocean, fuel price is a prominent factor when considering travel to the site. Highly 

volatile fuel prices can thus drive relatively rapid changes in the rate of visitation to the 

sanctuary. 

 

Figure D.2. Average retail price for diesel and gasoline (all grades) in the Lower Atlantic region and the 
U.S., 2008ï2023. Dollar values are non-adjusted and represent the price paid for retail gasoline and 
diesel at the time of the transaction. Source: U.S. Energy Information Administration, 2024 
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Demand for Seafood 

Seafood is one of the top traded food commodities globally, with the United States documented 

as a top importer and top five exporter of seafood (Froehlich et al., 2021). Global seafood catch 

increased by an estimated average annual rate of 3.1% from 1961 to 2017 (Food and Agriculture 

Organization of the United Nations, 2023). There is an important commercial fisheries industry 

in both South Carolina and Georgia that has contributed to seafood production, and 

consequently, pressures on resources in the region. Between 2008 and 2022, Georgia 

experienced a 9.84% increase in commercial landings (by weight), with an average annual 

increase of 5.34% (NOAA Fisheries, 2024a). Despite these positive trends, Georgiaôs commercial 

fisheries industry experienced some variability, particularly between 2010 and 2016 (Figure 

D.3). Conversely, South Carolina experienced a 36.5% reduction in landings between 2008 and 

2022, with an average annual decrease of 2.56% (NOAA Fisheries, 2024a). The recreational 

fishing industry is c onsiderable in both Georgia and South Carolina, compared to other regions 

of the country. Recreational landings even surpassed commercial landings in both states in 2022 

(Figure D.3).  

 

Figure D.3. Total fisheries landings in pounds for South Carolina and Georgiaôs state and federal waters 
for both commercial and recreational fishing modes, 2008ï2022. Source: NOAA Fisheries, 2024a 

Regulatory Exemptions 

Federal agencies implement regulations as appropriate per their respective statutes and 

mandates. In some cases, individuals, entities, or certain activities are exempt from statutory or 

regulatory requirements. The Department of Defense, for example, has a general exemption 

from GRNMS regulations for any pre-existing Department of Defense activities in the sanctuary 

area at the time of its designation in 1981 (15 C.F.R. § 922.92). Sanctuary regulations allow for 
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additional Department of Defense exemptions upon consultation with ONMS. The sanctuary lies 

within the western edge of the Navyôs Jacksonville Operating Area and partially within Special 

Use Airspace W-136 B and W-136C. Although aircraft overflights, vessels and in-water devices, 

active sonar, air and surface explosions, military expended material (from exempted activities), 

and electromagnetic sources are allowed within GRNMS under the military exemption, the Navy 

follows procedural mitigations specific to  various activities that reduce negative environmental 

impacts. Additionally, the Navy has maintained a 2.7-nautical -mile (5-kilometer) buffer around 

the sanctuaryôs boundaries since 2009 to avoid exposing sanctuary resources to acoustic and 

explosive activities that could result in injury/harm to sanctuary resources at closer ranges . 

Activities not planned to be conducted within the sanctuary or the 2.7-nautical -mile buffer 

include underwater explosives detonations, discharge of military expended materials resulting 

from ñnon-exempted activities,ò and deployment/operation of seafloor devices. 

NOAA Fisheries has established and enforces seasonal vessel speed restrictions to aid the 

recovery of critically endangered North Atlantic right whales that pass through GRNMS, but the 

regulation (50 C.F.R. § 224.105) excludes all U.S. government and state law enforcement 

vessels to facilitate national defense, enforcement, search and rescue, and other government 

functions.  

GRNMS regulations include specific prohibitions against activities considered a threat to 

sanctuary resources and qualities, such as disturbance or alteration of submerged lands, 

discharges, collection of marine life, and use of explosives or electric charges. Six sanctuary 

prohibitions applicable outside the sanctuaryôs Research Area allow narrow exceptions to 

facilitate public use, access, and safety (15 C.F.R. § 922.92). For example, although sanctuary 

regulations in GRNMS prohibit the placement of any m atter on the seafloor, exemptions are 

allowed for temporary deployment of weighted marker buoys used by divers and fishers for 

reference points in the sanctuaryôs open ocean environment. Anchoring is prohibited, except for 

emergencies. Discharges into the sanctuary are prohibited, but exceptions exist for boat cooling 

water and marine sanitation device effluent, as well as chum, bait, and fish discards incidental to 

lawful fishing. Collection of, or injury to, marine organisms is prohibited by any means exc ept 

the use of rod-and-reel and handline gear for fishing. Though possession in the sanctuary of 

most types of fishing gear is prohibited, presence of such gear is an exception if it is properly and 

securely stowed aboard a vessel.  

Lastly, GRNMS regulations include general exceptions throughout the sanctuary for otherwise 

prohibited activities that are authorized and conditioned by a valid sanctuary permit or 

necessary to respond to an emergency threatening life, property, or the environment.  

Societal Values and Conservation Ethic 

Information on societal values related to conservation can be obtained from various national or 

local opinion polls. A national poll conducted by the National Marine Sanctuary Foundation and 

the National Opinion Research Center at the University of Chicago (2022) found that 

Americansô highest priorities for ocean conservation were protecting ocean wildlife (68%), 

stopping uses that harm the ocean life and habitat (67%), and protecting the ocean from 

extractive uses that damage ecosystems and species (62%). Stefanski and Shimshack (2016) 

conducted a national survey of U.S. households and found that there was a willingness-to-pay 
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for the expansion of Flower Garden Banks National Marine Sanctuary. These results indicate 

that U.S. households have value for marine protection, especially in relation to marine reserves 

and nationally protected sanctuaries. Several survey efforts have been made to understand the 

societal values and perceptions toward resources in and around GRNMS. Samonte et al. (2023) 

surveyed 367 Georgia residents who engaged in saltwater recreational fishing during 2019 in 

Georgiaôs coastal and ocean waters, with the objective of understanding these individualsô 

knowledge, attitudes, and perceptions of GRNMS. The findings from this study indicated that 

recreational anglers were supportive of the protection of ocean and coastal resources. 

Specifically, pollution, coral h ealth, and marine animal health were found to be some of the top 

concerns of recreational anglers inside GRNMS. Along with these, pollution, habitat loss from 

development, and marine animals were some of the top concerns for the area surrounding 

GRNMS. The respondents also indicated that they were supportive of the protection of ocean 

and coastal resources in and around Georgia. This was a large shift from recorded recreational 

angler perceptions in 2010, which indicated that anglersô opinions on these issues were more 

neutral (Leeworthy, 2013). Lemmen et al. (2023) also conducted a survey to understand the 

knowledge, attitudes, and perceptions of those who use the area in and around GRNMS. This 

study found that these resource users7 were most concerned about threats to resources from 

pollution, and also supported marine protection and were willing to adjust consumption habits 

to ensure sustainable use of resources. 

Trade Policy 

Foreign trade policies can have a substantial impact on U.S. seafood harvesters and producers. 

These policies may reduce demand for U.S. exports, while import bans on foreign goods to the 

U.S. could increase demand for domestic goods. Because import competition can alter 

incentives for resource use, harvesters are also affected by domestic trade policies that affect the 

competitiveness of domestic U.S. seafood (Asche et al., 2022). Although trade policy occurs at a 

national and international level, the impa cts may be felt by individual businesses operating 

within and around GRNMS. In 2019, the seafood industry faced a major disruption due to the 

trade war with China, the largest consumer of seafood and a top importer of international 

seafood products (Froehlich et al., 2021; Food and Agriculture Organization of the United 

Nations, 2023). In addition, the Russian ban on all food imports from the U.S. has continued to 

impact the domestic seafood industry since it began in 2014. On March 11, 2022, President 

Biden issued Executive Order 14068, which prohibits the transportation of seafood originating 

in Russia. In 2022, however, the U.S. and the European Union allowed for the resumption of 

bilateral trade in bivalve molluscan shellfish for the first time since 201 1. This has allowed for 

U.S. producers (beginning in the states of Massachusetts and Washington as of February 4, 

2022) to export live, raw, and processed bivalve molluscan shellfish to the European Union, 

while European Union producers in Spain and the Netherlands are eligible to export these 

products to the U.S. Trade policy might also affect pressure on sanctuary resources by 

influencing the volume of trade flows and shipping activity between ports.  

 
7 The survey population was defined as persons who held a saltwater fishing license (i.e., Saltwater 
Information Program permit) in the state of Georgia and visited GRNMS in calendar year 2019.  



Drivers and Pressures on the Sanctuary 

46 
Grayôs Reef | Condition Report 

Ocean Policy 

The U.S. is party to numerous agreements that establish international entities composed of 

member governments that focus on various topics ranging from managing shipping (i.e., 

International Maritime Organization), global whale stocks (i.e., International Whaling 

Commission), fishing (i.e., International Convention for the Conservation of Atlantic Tunas), 

and oil spill response (i.e., Canada-United States Joint Marine Pollution Contingency Plan). 

Each of these organizations can potentially change policy, resulting in pressures being placed on 

GRNMS. 

The South Atlantic Fishery Management Council (SAFMC) manages fishery resources in the 

federal waters of the South Atlantic, including East Florida, Georgia, North Carolina, and South 

Carolina. SAFMC manages over 64 species of finfish, crustaceans, and corals, and works with 

multiple federal agencies, including other regionsô fishery management councils (South Atlantic 

Fishery Management Council [SAFMC], 2024). Many of the species that SAFMC manages are 

found within or transit through GRNMS. The council has  also established an Essential Fish 

Habitat area, codified in NOAA regulations, that overlaps the sanctuary and provides additional 

protection for fishery habitat within its boundaries.  

NOAA Fisheries uses a variety of administrative controls to enforce federal laws conserving 

whales, sea turtles, and other protected and managed species that frequent the sanctuary. For 

example, seasonal vessel speed restrictions have been established and are enforced to aid the 

recovery of the critically endangered North Atlantic Right Whale population that migrates 

through and around GRNMS to calving grounds overlapping a third of the sanctuary and 

beyond. The service is also testing ropeless fishing trap technologies that could potentially 

reduce whale entanglements in trap lines and improve the health of these seasonal sanctuary 

visitors.  

The U.S. Fish and Wildlife Service, multiple state natural resources departments, and non-

governmental organizations collaborate to protect South Atlantic coastal nesting habitats for 

protected sea turtle species that mature and become regular visitors to Grayôs Reef, playing an 

integral part of the ecological system there. 

Technological Advancement 

Technology can influence pressures on marine resources in several ways, including by lowering 

costs for existing marine-based industries. For example, technologies like electronic 

navigational aids, acoustic fish-finding equipment, and stronger polymers fo r line and netting 

have increased fishing efficiency (Marchal et al., 2006). For a given level of human activity or 

ocean use, certain technological advancements can also reduce levels of impact or pressure. 

Examples include low-emissions propulsion systems and carbon capture in shipping, waste 

management technologies (e.g., marine sanitation devices, bioremediation of wastewater, new 

materials to replace plastics), and bycatch reduction devices (e.g., turtle excluder devices), 

among others. The development of new technologies can also contribute to the growth or 

emergence of new sectors in the blue economy (e.g., offshore aquaculture, offshore wind), which 

may even substitute for traditional industries (e.g., wild -capture fisheries, offshore oil). Finally, 

technologies can allow for increased scientific efforts in the region. For example, the GRNMS 
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data buoy has been used for monitoring studies, such as Kendall et al. (2020) and Burns et al. 

(2022), to gather information on visitation at GRNMS.  

U.S. National Security 

The ocean plays a critical role in the mobility and readiness of U.S. armed forces and in ensuring 

national security. The State Department, Department of Defense, Department of Homeland 

Security, National Security Administration, Department of Transportati on, and others play key 

roles in national security. See the section on regulatory exemptions for a description of U.S. 

Department of Defense activities in and around GRNMS. The U.S. Navy developed a 

comprehensive environmental planning process nearly 20 years ago for its Atlantic Fleet 

training and testing activities and began publishing periodic environmental impact statements 

for the fleetôs evolving activities starting in 2009. The most recent Atlantic Fleet Training and 

Testing Environmental Impact Statement/Overseas Environmental Impact Statement  (U.S. 

Department of the Navy, 2018) was completed in 2018 in cooperation with NOAA Fisheries, and 

included consultation with ONMS. The statement evaluated potential incidental take of marine 

mammals under the Marine Mammal Protection Act, incidental take of threatened and 

endangered marine species under the Endangered Species Act, and mitigation measures for 

managed marine species and sanctuary resources and habitats. Potential naval training and 

testing activit ies include surface ship and submarine operations, surface and aerial gunnery, 

surface and air-based missile firing, bombing, air combat maneuvers, air-based chaff/flare and 

sonobuoy deployment, torpedo firing, and military expended materials that could re sult from 

any of the above listed activity types (e.g., shell casings from gunnery activities, torpedo 

components from torpedo firing, etc.). The Navy is currently preparing a supplement (update) to 

the 2018 Atlantic Fleet Training and Testing Environmental Impact Statement/Overseas 

Environmental Impact Statement , which is scheduled for final publication in late 2025.  

Pressures on the Sanctuary 

Human activities and natural processes affect the condition of natural and cultural resources in 

national marine sanctuaries. The following section discusses the most prominent pressures 

impacting habitat, resources, and qualities of GRNMS, including visit ation and use, scientific 

research activities, fishing, marine debris, vessel discharges, changing ocean conditions, non-

indigenous species, and nearshore activities (coastal development/nearshore construction and 

nonpoint source pollution) that can impact  offshore water quality in the sanctuary, as well as 

critical nearshore nursery habitat for species that subsequently mature and migrate to GRNMS. 

Visitation and Use 

GRNMS is regularly visited by users conducting recreational fishing and diving, boating, 

enforcement, monitoring, and scientific research (e.g., hydrographic or scuba surveys; 

placement and recovery of instruments and survey equipment; and sampling of water, substrate, 

flora and fauna). The southern third of the sanctuary is closed to all activities except permitted 

scientific research, for the purpose of providing a controlled study area largely free of direct 

human impacts.  

Vessels are associated with all visitation and use at GRNMS and can have negative impacts, 

including discharges of petroleum, hazardous chemicals, sewage, and/or non-biodegradable 
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materials; noise; anchor damage; vessel casualties (e.g., sinking, grounding, drifting, etc.); 

wildlife disturbance; ship strikes on whales, turtles, and other species; and air and water 

pollution via exhaust gas emissions. Most visitors to GRNMS arrive in small boats (averaging 26 

feet in length) with a center console/outboard engine design (Kendall et al., 2020). Some motor 

yachts, sailboats, and other recreational vessels pass through GRNMS solely for transit between 

ports of call, thus limiting time and  potential impacts there. The sanctuary is well outside of 

commercial shipping routes, but ships up to 200 feet in length occasionally operate in the 

sanctuary for enforcement and research purposes and may remain longer than most small boats, 

posing unique potential impacts.  

Scuba diving poses a potential risk of disturbance to marine life and habitat. Divers may 

accidentally or intentionally come into contact with reef organisms, sometimes causing physical 

damage (Barker & Roberts, 2004) or increased sedimentation, both of which can also increase 

susceptibility to diseases (Lamb et al., 2014). Recreational diving activity within the sanctuary is 

uncommon due to the reefôs 20-mile distance from shore and the unique technical and logistical 

requirements to dive there. Additional ly, because anchoring is prohibited, unless otherwise 

permitted, dive boats must conduct drift operations, which require more coordination than 

anchored dive operations. Lastly, spearfishing, which is a key draw for recreational divers at 

similar reefs in the region, is prohibited throughout the sanctuary. At present, only one 

commercial dive charter operator conducts trips to the sanctuary, with a frequency of about 20 

bookings/year and a complement of six divers per trip.  

Key pressures associated with visitation and use at GRNMS, specifically vessel discharges, 

scientific research (including scientific research diving), and recreational fishing are discussed 

in greater detail below. 

Vessel Discharges 

Water quality is negatively impacted by waste disposal and pollution from discharges of oil or 

other hazardous materials directly into the sanctuary or from distant spills that drift into the 

sanctuary. It is possible that some boaters discharge raw sewage directly into the sanctuary. 

Debris discarded from vessels can affect habitat and living resources via abrasion or smothering 

of benthic organisms, alteration of sediment composition, or ingestion by marine organisms 

(NOAA Marine Debris Program, 2016). Anecdotal observations, as well as a study by Kendall et 

al. (2007), have identified recreational fishing gear (monofilament line, hooks, lures, hand nets, 

rods, and reels) introduced by vessels fishing in the sanctuary as the most common type of 

marine debris found in GRNMS. Other debris discharged into the sanctuary from vessels 

includes aluminum cans, glass bottles, plastic wrappers, plastic and glass containers, dive gear, 

anchors, chain, and line. 

Scientific Research 

Research activities in the sanctuary by NOAA and other entities can affect resources in a number 

of ways. Vessel-based hydrographic surveys within the sanctuary emit sound that could disturb 

sea life such as marine mammals, and placement and recovery of instruments and survey 

equipment cause minor, and usually temporary, displacement of habitat and localized 

disturbance of flora and fauna. Some research sites are visited regularly by divers for monitoring 

and instrument maintenance. Research dives likely exceed 50% of total scuba diving activity at 
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GRNMS. From 2013 to 2022, the NOAA dive team for GRNMS logged between 102 and 270 dive 

hours annually. Minor damage to the substrate and reef structures at dive sites can occur, and 

could have cumulative impacts, which are considered in the issuance of permits for research. To 

avoid the concentration of research impacts, specialized sampling activities (e.g., tissue 

sampling or species collection, animal tagging, water sampling, and sediment collection/coring) 

are geographically dispersed. Temporary and semi-permanent survey markers and grids are 

sometimes fixed to the seafloor and reef.  

Scientific research activities with potential to negatively impact protected resources must 

operate under a sanctuary permit with mitigating conditions that reduce impacts to either 

negligible or acceptable levels of disturbance. By contrast, the incidental, uncontrolled 

movement or destruction of scientific equipment during hurricanes or other strong storms can 

cause more significant damage than routine scientific investigation, and can also produce 

marine debris.  

Recreational Fishing 

Fishing is the primary recreational activity in the sanctuary, and it is concentrated over reef 

habitats, which have the highest structural and ecological diversity of all GRNMS habitats. Such 

areas also tend to accumulate derelict fishing gear and other debris of fishing origin (Galgani et 

al., 2000; Kendall et al., 2007; see Figure S.HA.3). Kendall et al. (2020) reported that a majority 

(~85%) of vessels observed in GRNMS were engaged in fishing. Recreational fishing is generally 

concentrated on weekends and holidays during calm sea conditions. Virtually no fishing occurs 

at GRNMS during winter months. Currently, there are no known fishing charters that make 

regular trips to the reef. Due to the sanctuaryôs distance from shore and the logistical constraints 

and costs to fish there, fishing pressure is relatively low compared to inshore natural and 

artificial reefs. Though commercial fishing activity is not explicitly banned within the sanctuary, 

use of any fishing gear other than handline and rod-and-reel gear is prohibited (15 C.F.R. § 

922.92). Consequently, commercial fishing opportunities within the sanctuary are limited. As 

previously noted, spearfishing is prohibited throughout the sanctuary, and no fishing of any 

kind is allowed in the Research Area (the southern third of the sanctuary).  

Changing Ocean Conditions 

Globally, greenhouse gas emissions have increased over time, resulting in global increases in 

temperature (NOAA Global Monitoring Laboratory, 2024). Much of the excess heat trapped in 

Earthôs atmosphere is absorbed by the ocean, and ocean heat content anomalies have thus also 

increased over time (National Centers for Environmental Information [NCEI], 2020). From 

1980ïpresent, sea surface temperature has been increasingly above the 1955ï2006 average 

(NOAA, 2024; NCEI, 2020). Since 1824, annual average sea surface temperature at GRNMS has 

increased by 1.15 °C (Shein et al., 2019). Increasing temperatures have a variety of implications 

for GRNMS species. Mobile species like fish may shift into or out of the sanctuary (Fogarty et al., 

2017; Gleason, 2010), potentially altering local ecology or resulting in broader implications for 

species unable to migrate or survive within novel ranges (Shein et al., 2019; Harley et al., 2006). 

While propagules of sessile sanctuary species, such as corals and sponges, may disperse to more 

favorable ranges, mature individuals must rapidly adapt to changing temperatures or are likely 

to experience mass mortality (Shein et al., 2019; Gleason, 2010; Hoegh-Guldberg et al., 2007). 
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Coral bleaching, a stress response involving the loss of intracellular symbiotic algae, can be 

triggered by elevated seawater temperature (Hoegh-Guldberg et al., 2007), but has not been 

observed within the sanctuary to date. However, increased temperatures can also result in 

sublethal effects among many species that are less easily observed, including reduced 

reproductive capacity and microbiome shifts (Carballo & Bell, 2017). 

Concurrent with ocean warming, increased levels of carbon dioxide in the atmosphere have 

increased the rate at which carbon dioxide is dissolved in seawater, reducing pH and making the 

ocean more acidic (ONMS, 2020); this process is called ocean acidification. The global ocean, on 

average, has become 30% more acidic since the beginning of the industrial revolution (Haugan 

& Drange, 1996; Doney et al., 2009), and seawater CO2 concentration is increasing faster than 

expected at GRNMS in particular, at an estimated rate of about 2.5% per year (Noakes, 2020). 

These conditions could be detrimental to many marine organisms, including mollusks, corals, 

and certain shell-producing plankton, all of which rely on carbonate from seawater to build their 

shells and other hard parts. Increasingly acidic waters make it difficult for these animals to 

make and maintain shells and supporting skeletons (Keeling et al., 2010). However, some 

GRNMS species, including the branching coral Oculina arbuscula , have exhibited resilience to 

moderate ocean acidification (Ries et al., 2010; Wang et al., 2020). 

Climate change is also expected to alter some aspects of tropical storm activity, including 

increased storm intensity and rainfall (Walsh et al., 2016). Increased storm intensity could alter 

sediment transport dynamics in the sanctuary, which may have impl ications for ecosystem 

resilience. Low-salinity conditions, which may occur more frequently due to increased rainfall 

and associated coastal runoff, can also cause stress in many marine organisms, including coral 

bleaching (Ding et al., 2022). 

As ocean waters warm, their ability to hold oxygen decreases and stratification occurs, which 

reduces mixing and limits the exchange of oxygen and nutrients (Chan et al., 2017). Although 

low oxygen can stress and kill bottom-dwelling organisms, particularl y in offshore environments 

that are not frequently exposed to low-oxygen conditions (Vaquer-Sunyer & Duarte, 2008), 

dissolved oxygen is not expected to drop to harmful levels in the sanctuary by 2050 (ONMS, 

2020; Shein et al., 2019).  

Non-Indigenous Species 

Non-indigenous species are organisms that are not native to an area, but are introduced by 

human activities, either deliberately or accidentally (Olenin et al., 2010). Their presence may be 

temporary, if conditions donôt allow survival or reproduction, or permanent. Non-indigenous 

species may also arrive as a result of factors associated with human-induced climate change 

(e.g., changing current regimes, storm patterns, and water properties, such as temperature and 

salinity). When non -indigenous species spread and have a negative impact on native species or 

ecosystem services, they are called invasive species (Olenin et al., 2010). Impacts typically result 

from space or resource competition, or predation. Invasive species can significantly upset local 

food webs and habitats, particularly if they have no native predators to regulate their population 

growth.  
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Once established, non-indigenous species can be extremely difficult or impossible to eradicate. 

Common mechanisms for the spread and introduction of non -indigenous species include 

attachment to vessel hulls, discharge of ship ballast water containing non-native wildlife, and 

release of aquarium pets (Olenin et al., 2010).  

Lionfish (a carnivorous fish species native to the Indo-Pacific) were first observed in GRNMS in 

2007. As generalist predators with a high reproductive capacity, they pose a threat to virtually 

all native fish species in the sanctuary (Muñoz et al., 2011; Shein et al., 2019). They can consume 

fish up to half their body size, which include adults of many species at GRNMS, as well as 

juveniles of species that become too large at maturity for lionfish to consume. Notably, some of 

the latter include commerciall y and recreationally targeted species.  

Other non-indigenous species (titan acorn barnacle, Asian green mussel, and orange cup coral) 

have been found in the sanctuary. These species are known to outcompete native species 

elsewhere in the southeastern U.S. (Florida Fish and Wildlife Conservation Commission, 2024; 

Flower Garden Banks National Marine Sanctuary, 2024; Texas Invasive Species Institute, 2014), 

and are thus of concern for GRNMS. However, to date, these species have only been found on 

the GRNMS data buoy and have not been observed on the reef (ONMS, 2012; Reigel, 2015). 

Coastal Development and Nearshore Construction 

Coastal development can have significant impacts on watersheds, estuaries, and nearshore and 

offshore waters. Coastal counties inshore of GRNMS are experiencing increased population 

growth (Table D.2), which results in the construction of more homes, docks , roads, utilities, and 

impervious surfaces, as well as runoff of contaminants from pavements, lawns, and commercial 

properties. Construction at or near shorelines can produce marine debris, noise, nighttime light 

pollution, and sediment - or contaminant -laden runoff that impacts coastal nursery habitats 

crucial to marine organisms that migrate to GRNMS later in their life cycles (Kusku et al., 2018; 

NOAA Marine Debris Program, 2016; Prosser et al., 2018; Silva et al., 2017; The Conversation, 

2023; U.S. Environmental Protection Agency, 2021; Witherington & Bjorndal, 1991).  

Approximately 86% of Georgiaôs shoreline is fronted by salt marsh (Alexander, 2016). These 

marshes trap and filter contaminants washed downstream from upland areas before they enter 

the ocean and move offshore via tides and currents. Research has shown that during high water 

flows of the Altamaha River, suspended particles and dissolved nutrients from the river mouth 

can reach GRNMS within three days (Gleason & Cohen, 2012). Furthermore, changes in water 

quality within marsh habitats could have significant and lasting repercussions at Grayôs Reef. 

This is because some GRNMS fish species, including gag grouper and black sea bass, spend 

critical early stages of their lives in salt marshes.  

Shoreline lighting near loggerhead turtle nesting beaches can cause disorientation for new 

hatchlings, extending their exposure to predators before they can scramble to the relative safety 

of the water (Witherington & Bjorndal, 1991). Loggerhead turtles ar e part of the ecosystem of 

GRNMS, and their vulnerable beginnings on nearby coastal shorelines can have a direct impact 

on their presence and role in live bottom habitats throughout the South Atlantic Bight.  
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Nonpoint Source Pollution 

Nonpoint source pollution (cumulative pollution from many disparate sources that enter water 

bodies and are carried to the sea) enters the sanctuary from both water- and land-based 

activities, and some components can accumulate in benthic habitats and organisms (Kendall et 

al., 2007; NOAA, 2016; Prosser et al., 2018; U.S. Environmental Protection Agency, 2021). 

Land-based pollution sources include stormwater runoff, failing sewer and septic systems, 

agricultural runoff, upland hazardous material spills or d ischarges, landfills, garbage discharge 

during transport, lawns, roadways, byways, and recreational and commercial activities. Ocean-

based pollution sources include commercial and recreational vessels, fishing activities, 

ports/harbors/marinas, and marine construction sites. Nonpoint source pollution can also 

include a wide variety of debris, such as lost fishing gear, passenger and commercial shipboard 

waste, lost vessel cargo, marine structures and buoys, construction debris, metal debris, and 

common household goods. Nonpoint source pollution impacts occur in a number of ways, 

including water contamination; crushing, cutting, chipping, abrading, smothering, and scouring 

of habitats, flora, and fauna; displacement of marine organisms; and habitat alteration . It also 

diminishes natural aesthetic values. The most prominent nonpoint source pollution observed at 

GRNMS falls within the category of marine debris. The section below describes observations of 

marine debris and its impacts within the sanctuary. Other types of nonpoint source pollution, 

particularly contaminants originating from land, are difficult to quantify, and data gaps 

currently preclude an understanding of how this type of pollution may affect GRNMS.  

Marine Debris 

Marine debris is the final result of solid and semi -solid nonpoint source pollution, once it 

completes its journey to the sea. Plastic is the most prevalent type of marine debris found in the 

ocean. Fishing gear (rods and reels, spear gun parts, monofilament line, wire, hooks, metal 

leaders, and lead weights) is the most common type of marine debris observed at GRNMS 

(Kendall et al., 2007), and much of that debris is plastic -based. Plastic debris comes in all shapes 

and sizes, and items less than five millimeters in length are called ñmicroplastics.ò Plastics in the 

marine environment never fully degrade, and recent studies show that organisms consume 

plastic at all levels of the marine food web. Given the quantities of plastic debris adrift in the 

ocean, the potential for ingestion is significant. Sea turtles that feed on jellies have mistaken 

floating plastic bags for prey and ingested them by mistake. The ability for plastics to attract and 

transport contaminants into the marine food web has been documented (Arthur et al., 2009), 

and research also suggests that microplastics can accumulate in seafood (Avio et al., 2017). A 

recent study detected microplastics in multiple samples of GRNMS sediments (Geiger, 2021). 

Other debris observed in the sanctuary includes aluminum cans, glass bottles, party balloons, 

plastic wrappers, plastic and glass containers, scientific equipment components, dive gear, 

anchors, chain, boat line, fabric, mesh bags, rope, twine, electrical wire, and wood debris (Bauer 

et al., 2010; Kendall et al., 2007).  
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Status and Trends of Pressures 

 

This section answers questions related to the drivers and pressures described above. The status 

and trends of sanctuary resources are addressed in the next section. 

A virtual expert workshop was convened by GRNMS staff on March 23, 2023 (see Appendix A 

and Appendix C) to discuss questions related to pressures and sanctuary resources. The 

assessments of the status and trends of key indicators in GRNMS are for the period from 2008ï

2022. During the virtual workshop, indicators for each topic were presented, accompanied by 

information and data sets assembled before the meeting. Attendees were asked to discuss the 

indicators, data, and interpretations; identify data gaps; a nd suggest any additional data sets or 

information sources that may be relevant. Following that discussion, experts were asked to 

provide status and trend recommendations and supporting arguments. After assigning status 

and trend ratings, they assessed their level of confidence for each rating based on: (1) the quality 

and amount of information they used to make judgments; and (2) the level of agreement among 

the experts participating in the discussion. The evidence and agreement ratings were then 

combined to determine the overall confidence ratings. Appendix C provides a detailed 

description of the methods used to develop this report. 

For each question discussed, the responses summarize the key indicators considered, the 

supporting data sets, and the rationale for each status and trend rating. Where published or 

additional information exists, the reader is provided with relevant referen ces. Workshop 

discussions and ratings were based on data available at the time (i.e., through 2022). However, 

in some instances, staff later reevaluated and/or incorporated newly available data to more 

accurately describe the current status and trends of resources. Situations where new 

information was incorporated or ratings were made or changed after the workshop are noted in 

the text. 

For the purposes of this report, the term ñstudy periodò refers to the period from 2008ï2022. 

The data sets presented in this report may or may not span the entirety of the study period, 

depending on data availability. When necessary, data from a subset of years may have been used 

to support status and trend determinations for the entirety of the study period. Additionally, 

some questions were most recently assessed in the 2008 comprehensive condition report 

(ONMS, 2008) while others were most recently assessed in the 2012 condition report addendum 

(ONMS, 2012). For this reason, data from either 2008ï2022 or 2012ï2022 may be presented to 

illustrate changes since the most recent assessment. The year and summary of the findings from 

the most recent assessment are provided at the start of each section, and additional information 

on previous assessments and ratings is also provided in Appendix D. 

The question ñWhat are the states of influential human drivers and how are they changing?ò is 

normally posed in condition reports (see Appendix A), but was not rated for GRNMS. ONMS 

and GRNMS staff decided to discuss, but not rate, this question. The primary purpose of a 

condition report is to assess program effectiveness and influence management of human 

activities and natural resource quality. For the most part, drivers are not manageable, at least 

not under the authority of the National Marine Sanctuarie s Act, nor do most of them originate at 

scales relevant to national marine sanctuary management. While understanding them is 
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important, rating them is not necessary to achieve the goals of the condition report. The primary 

drivers influencing pressures on GRNMS resources were previously described in the Drivers 

section of this report.  

Status and Trends of Human Activities 

Human activities that adversely impact water quality are the focus of the first question in this 

section. Both onshore activities, primarily associated with coastal development, and offshore 

activities are considered.  

The next question covers human activities that may adversely influence habitats. Human 

activities may alter or destroy the structure of habitats or contaminate them. Examples include 

recreational fishing, research activities, and scuba diving. 

Human activities that have the potential to negatively impact living resources are the focus of 

the final question in this section. These include activities that remove wildlife, as well as 

activities that have the potential to injure or degrade the condit ion of living resources.  

Human activities that have accelerated climate change at a global scale (i.e., those that produce 

greenhouse gases) are not evaluated in this section, even when they have impacts at the 

sanctuary level. The management of national marine sanctuaries focuses on local and regional 

activities that influence sanctuary resources, but they do not regulate or otherwise control 

causative activities that operate at a global scale. ONMS does recognize, however, that some 

activities in national marine sanctuaries that contribute to climate change (e.g., ship and boat 

traffic, facility construction, and the transport of harvested food and products) also have local 

and direct impacts on sanctuary resources. ONMS has a responsibility to minimize impacts of 

those activities, and they are thus considered in this report. 

Table S.HA.1. Status, trend, and confidence ratings (where applicable) from previous (2008 or 2012) and 
present (2008ï2022) condition report questions focused on pressures from human activities. 

Previous 
Condition 
Report 
Questions 

Year of 
Previous 
Rating 

Previous 
Rating 

2008ï2022 Condition 
Report Questions 

2008ï2022 Condition Report 
Rating 

Human activities 
and water quality 

2008 Good 

Ƶ 

Human activities and 
water quality  

Human activities 
and habitat 

2012 Fair 

ƶ 

Human activities and 
habitat  

Human activities 
and living 
resources 

2012 Fair 

ƶ 

Human activities and 
living resources  
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What are the levels of human activities that may adversely influence 

water quality and how are they changing? 

 
Status Description: Few or no activities occur that are 
likely to negatively affect water quality.  

Rationale: Salt marsh cover remained stable in coastal Georgia, although impervious surface 
cover increased slightly. Vessel registrations in coastal Georgia increased from 2015ï2021, 
potentially increasing the risk of vessel discharge within the vicinity of the sanc tuary. 
However, no spills were reported in GRNMS from 2008ï2022. 

 

Findings From the 2008 Condition Report 

In 2008, the status of human activities that may influence water quality was good and the trend 

was not changing. These ratings reflected that, while certain potentially threatening human 

activities had increased, there was little evidence of negative effects. This was attributed, in part, 

to the remote location of GRNMS. Though human activities were thought to have increased 

along the southeastern coastal zone, nutrient and contaminant concentrations measured in the 

sanctuary were not observed at levels that could impact sanctuary resources. There was concern 

for the ongoing threat posed by continuing coastal development and the report highlighted the 

need for continued monitoring and more research on impacts from human activities.  

New Information in the 2008ï2022 Condition Report 

Indicators considered in the present report include coastal development (salt marsh and 

impervious surface cover) and the risk of vessel-based waste disposal and pollution (as indicated 

by vessel registrations and transits and known spill incidents in the region).  

Coastal Development  

Coastal development can have significant impacts on watersheds, estuaries, nearshore waters, 

and offshore waters. Approximately 86% of Georgiaôs shoreline is fronted by salt marsh 

(Alexander, 2016). Some fish species (such as gag grouper and black sea bass) that frequent 

GRNMS or become residents of the reef spend critical early stages of their life cycles in these salt 

marshes. Thus, changes in water quality at marsh nursery habitats could have profound and 

lasting repercussions at Grayôs Reef. 

The Georgia Coastal Marshlands Protection Act of 1970 states that coastal marshes are ñvital 

natural resource system[s],ò important to ecology, filtration of pollutants, flood control, the 

economy, and recreation. The state of Georgia has the second largest expanse of saltwater 

marshes in the country (University of Georgia Marine Extension and Georgia Sea Grant, 2024). 

The law created permit requirements to regulate any fill or alteration of salt marshes. Further, 

the Georgia Erosion and Sedimentation Act of 1975 established a 25-foot (7.6-m) development 

buffer from salt marshes. This management regime has played a key role in preserving critical 

marsh habitat and protecting coastal water quality, and may protect GRNMS from increased 

contaminant loading. Sal t marshes significantly trap and filter contaminants washed 

downstream from upland areas that would otherwise enter the ocean and migrate offshore via 
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tides and currents. Rhodamine tracer dye studies conducted in 2009, 2010, 2011, 2014, and 

2015 demonstrated that during high water flows of the Altamaha River, suspended particles 

from the river mouth can reach GRNMS within three days (Gleason & Cohen, 2012). Monitoring 

data from the U.S. Geological Survey demonstrate that saltwater marsh habitat across Georgiaôs 

six coastal counties (Chatham, Bryan, Liberty, McIntosh, Glynn, and Camden) remained stable 

between 2006 and 2016, with a very slight reduction of 0.07% (about 243 acres, or 98 hectares) 

over that 10-year period (U.S. Geological Survey, 2022).  

Between 2001 and 2019, impervious surfaces within Georgiaôs six coastal counties increased by 

13.07 square miles, from 1.81% to 2.05% of total coastal county land area over 18 years, a slight 

increase since the last GRNMS condition report in 2008.  

Waste Disposal and Pollution  

Waste disposal (e.g., sewage, gray water, garbage) and pollution (e.g., oil, hydraulic fluid, engine 

exhaust, brine) from vessels is a human activity that may influence water quality. Impacts could 

be from discharges directly into the sanctuary or from dis tant spills that drift into the sanctuary. 

Kendall et al. (2020) assessed vessel presence in GRNMS from June 1 to December 6, 2019 

through satellite imagery, aerial and vessel-based monitoring, seafloor hydrophone data, camera 

images from the GRNMS data buoy, and automatic identification system (AIS) data. This study 

found that nearly all sanctuary visitors (~90%) arrived in Class 1 (16 to <26 ft in length, the most 

common type observed) or Class 2 (26 to <40 ft in length) recreational fishing boats averaging 

26 feet in length with a center console/outboard engine design. To better understand how the 

use of small recreational vessels may have changed throughout the entirety of the study period, 

vessel registrations in Georgia coastal counties were assessed to understand regional trends as a 

proxy for vessel activity, and thus the threat of spills and discharges, in the sanctuary. 

Registrations of Class 1 vessels in the six counties on Georgiaôs coast increased from 2009ï2022 

(Figure S.HA.1). Of the Class 1 vessels registered in 2022, only 2.5% had fixed marine toilets, 

and although discharge of raw sewage is prohibited by GRNMS, it is possible that some is 

released into the sanctuary by visitors. Given the popularity of fishing at GRNMS 

(approximately 85% of vessels observed at GRNMS by Kendall et al. [2020] were engaged in 

some type of fishing), the number of recreational fishing trips in the region may also provide 

some broad insight into trends in vessel activity at GRNMS. The number of recreational angler 

trips in federal waters off Georgia varied without trend from 2008 ï2022 (Figure S.HA.6; NOAA 

Marine Recreational Information Program, 2022; see the subsequent section on human 

activities that may adversely influence habitat for additional information).  
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Figure S.HA.1. The number of Class A (<16 ft), Class 1 (16 to <26 ft), and Class 2 (26 to <40 ft) vessel 
registrations in the six Georgia counties adjacent to the coast (Chatham, Bryan, Liberty, McIntosh, Glynn, 
and Camden), 2009ï2022. Source: Ozburn, 2023 

AIS-equipped vessels have transmitters that routinely broadcast their name, position, speed, 

and other information to other vessels and shore stations within radio range. Received 

transmission records can be stored and analyzed to understand vessel traffic patterns within 

given areas. U.S. Coast Guard AIS records indicate that from 2015 to 2021, 1,635 unique AIS-

equipped vessels (~0.6 per day) transited nearly 9,800 nautical miles (~3.3 nm/day) through 

GRNMS (U.S. Coast Guard Navigation Center, 2022). Of these, 76% were pleasure craft 

(recreational and sailing vessels). The NOAA ship Nancy Foster , a primary platform for research 

in the sanctuary, accounted for 2,272 nautical miles of the total transit miles during this time 

period (Figure S.HA.2). According to AIS records, there was an increase in the number of vessels 

transiting the sanctuary over time, but this likely reflects an increase in the number of 

recreational vessel owners installing AIS for safety in recent years. The fact that hot spots for 

vessel traffic lie directly over the live -bottom habitat within the sanctuary boundaries (Figure 

S.HA.2) shows the preference by users of these habitats for fishing, research, and diving. 

However, it is important to note that small boats (<65 ft) are not requir ed to carry AIS, and it is 

thought that less than 12% do (Kendall et al., 2020). 
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Figure S.HA.2. AIS-equipped vessel transits inside sanctuary boundaries by vessel type, 2015ï2021. 
Panels illustrate transits by (a) all vessel types (including research vessels), (b) all vessel types (excluding 
research vessels), (c) research vessels, (d) fishing vessels, (e) pleasure craft/sailing vessels, and (f) 
cargo vessels.8 Note that the scale of the legend differs in panels a and c (i.e., colors denote greater 
numbers of nautical miles transited in these panels). Source: U.S. Coast Guard Navigation Center, 2022 

 
8 Additional vessels classified as engaged in ñdredging or underwater operationsò were detected in the 
sanctuary on 2/24/2011, 4/19ï22/2011, 5/25ï26/2011, 6/13ï15/2013, and 4/1/2020, but the specific 
nature of these vessels and the activities they were engaged in are unknown. Dredging is prohibited 
throughout the sanctuary (15 C.F.R. § 922.92) and is not believed to have occurred illegally on these dates 
given the sanctuaryôs distance from shore. 
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AIS data revealed that in the years 2015 and 2017, two cargo vessels traveled a total of nine 

nautical miles in GRNMS (Figure S.HA.2). The sanctuary is well inshore of commercial shipping 

lanes, so these transits were unusual and caused some concern given the large draft of typical 

cargo vessels and shallow depth of the sanctuary. 

Eleven incidents that either resulted in or may have resulted in notable marine spills occurred 

along Georgiaôs 100-mile coastline between 2008 and 2021 (Office of Response and Restoration, 

2022). The nearest incident to GRNMS in that 13-year period was the grounding of F/V Jimmy 

& Charlie Jr. , 17 nautical miles west of the sanctuary in 2020; however, this grounding did not 

result in a spill. Other reported and mapped incidents were farther from the sanctuary, up to a 

maximum of 45 nautical miles away, or did not pose a significant spill threat (e.g., a recreational 

vessel that capsized in, but ultimately drifted out of, the sanctuary in 2019). All reported and 

mapped incidents occurred within two miles of shore or within inland waterways, except for a 

ñmystery sheenò reported offshore in 2014. 

Conclusion 

There were a limited number of human activities that were likely to adversely affect water 

quality in GRNMS from 2008 ï2022. The stable salt marsh cover suggests that any threats to 

sanctuary water quality from onshore construction or alteration probably di d not change during 

the study period. Both vessel use data and regional spill information indicate limited threats 

from these activities, though more specific data are needed on vessel use patterns in the 

sanctuary and the volume and locations of spills. 
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What are the levels of human activities that may adversely influence 

habitats and how are they changing? 

 

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

Rationale: Activities that could harm habitats, including recreational fishing, research 
activities, and scuba diving, occur regularly at GRNMS. However, available data suggest they 
did not occur at levels that resulted in measurable habitat impacts during the study period. 

 

Findings From the 2012 Condition Report Addendum 

In 2012, the status of human activities that may influence habitat quality was fair and the trend 

was improving. This was based on increased visitation to GRNMS in prior decades, resulting in 

impacts from anchoring, fishing, marine debris, diving, and research activities; however, these 

impacts were typically localized to biologically structured habitats within the sanctuary. 

Regulatory actions, including a ban on anchoring in 2006, a ban on spearfishing in 2010, and 

the establishment of a Research Area in 2011, were believed to have reduced these impacts. 

New Information in the 2008ï2022 Condition Report 

Indicators considered in the present report include recreational fishing patterns in the GRNMS 

region (as a proxy for the risk of damage to sanctuary habitats from fishing gear), research 

activities, and recreational scuba diving. 

Recreational Fishing  

The unique habitats of GRNMS support a variety of fish and other marine organisms that draw 

visitors from all over Georgia, and sometimes farther afield. Fishing is the primary recreational 

activity in the sanctuary, and it is concentrated over reef habitats, which have the highest 

structural and ecological diversity of all sanctuary habitats. Such areas also tend to accumulate 

derelict fishing gear and other debris of fishing origin (Galgani et al., 2000; Kendall et al., 

2007). Kendall et al. (2007) report ed that fishing gear represented about two-thirds of all debris 

observed at GRNMS during surveys in 2004 and 2005, with other debris consisting of cans, 

bottles, rope, and miscellaneous other items (e.g., wood, electrical wire). No systematic 

assessment or monitoring of marine debris prevalence and composition has occurred since that 

study; however, methods for monitoring debris within the sanctuary have been published 

(Bauer et al., 2008, 2010). Anecdotal observations suggest that fishing gear remains the most 

common type of marine debris observed in the sanctuary (Figure S.HA.3). Given that fishing 

activity is linked to the discharge of debris that impacts GRNMS habitat quality, available 

information about recreational fishing levels in the sanctuary and s urrounding region can shed 

light on the potential level of risk from marine debris, in the absence of direct measures.  
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Figure S.HA.3. Examples of derelict fishing gear found at GRNMS. Photos: NOAA National Centers for 
Coastal Ocean Science (NCCOS) 

Data specific to recreational fishing patterns within GRNMS were not available for the majority 

of the 2008 to 2022 study period. Kendall et al. (2020), however, provided a snapshot of vessel 

activity at GRNMS in 2019. A total of 34 boats were observed within the sanctuary using satellite 

imagery (Figure S.HA.4). Observational data suggest that ~60% of visitors were bottom fishing, 

~25% were trolling, and ~15% were passing through the sanctuary. Three boats (9%) were 

observed in the Research Area. Enforcement records indicate that illegal anchoring has 

occurred; while these incidents were rare (a total of three detected violations among 191 vessels 

checked from 2012 to 2021), they are likely underreported (GADNR, 2022). The regular 

collection of spatial data in the future would enable the assessment of patterns and long-term 

trends in visitor use at GRNMS, including recreational fishing.  
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