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Abstract

:

Despite being among the most valuable ecosystems on Earth, coral reefs face ongoing threats that could negatively impact the human populations who depend on them. The National Coral Reef Monitoring Program (NCRMP) collects and monitors data on various aspects of U.S. coral reefs to provide a holistic understanding of the status of the reefs and adjacent human communities. This paper explores results from the NCRMP’s first socioeconomic monitoring cycle using an ecosystem services framework and examines how these results can be used to improve coral reef management in the following U.S. coral reef jurisdictions: American Samoa, the Commonwealth of the Northern Mariana Islands, Florida, Guam, Hawai’i, Puerto Rico, and the U.S. Virgin Islands. Results suggest that residents in the U.S. Pacific coral reef basin may hold stronger cultural and provisioning values, whereas residents in the U.S. Atlantic coral reef basin may hold stronger regulating values. These findings suggest that outreach efforts have been successful in communicating benefits provided by coral reef ecosystems to the public. They also provide insight into which ecosystem services are valued in each jurisdiction, allowing resource managers to make science-based decisions about how to communicate conservation and management initiatives.
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1. Introduction


Coral reefs are among the most valuable ecosystems on Earth, providing food, protection from storms, recreational opportunities, and many other benefits to coastal communities [1,2,3]. However, coral reef ecosystems face a series of ongoing threats, including climate change, fishing pressures, and land-based sources of pollution [4], and the condition of these ecosystems has been in global decline for decades (e.g., [5]). As ecosystem health degrades, its ability to provide benefits, known as ecosystem services (ES) [6,7], is diminished [7,8,9], and dependent human populations, both within the ecosystem and farther away, are threatened (e.g., [9,10]). As human populations are often the source of ecosystem degradation, a targeted and coordinated response is needed to mitigate the pressures on coral reef ecosystems to preserve both the underlying ecosystem conditions and processes as well as the ES they provide.



The need for holistic approaches to ecosystem-based management is not new. In fisheries management, for example, there have been national and international recommendations over the past two decades to acknowledge the cyclical connections between human and biological systems [11] through the use of ecosystem-based fisheries management (EBFM) that considers these connections (e.g., [12,13]). This concept of social-ecological systems has also influenced other marine and coastal management efforts, such as ongoing integrated ecological assessments (e.g., [14]) and coral reef management (e.g., [15]). In the United States (U.S.), the National Oceanic and Atmospheric Administration (NOAA) is at the forefront of interdisciplinary coral reef management and conservation efforts that integrate socioeconomic information with biophysical data. NOAA’s Coral Reef Conservation Program (CRCP) was established in 2000 to preserve, sustain, and restore the condition of U.S. coral reef ecosystems while also promoting the sustainable use of these ecosystems and the benefits they provide [16]. In 2013, the CRCP created the National Coral Reef Monitoring Program (NCRMP) to develop and implement an integrated long-term monitoring program to observe biological (benthic composition and coral reef fisheries), climate, and socioeconomic conditions of U.S. coral reef ecosystems [17]. By consistently collecting and monitoring data on these components of U.S. coral reef areas, the NCRMP provides a holistic understanding of the status of U.S. coral reefs and the human communities who use and depend on the ES that coral reefs provide. This is critical because the communities adjacent to coral reefs are not only likely to gain the most ES from these ecosystems, but are also most likely to directly impact surrounding ecological conditions.



1.1. Overview of NCRMP Socioeconomic Monitoring


The socioeconomic component of the NCRMP collects and monitors socioeconomic information, including human use of coral reef resources; knowledge, attitudes, and perceptions of coral reefs and coral reef management; and demographics of the populations living in coral reef areas. To accomplish this, NOAA scientists, in consultation with partners and stakeholders, developed a set of thirteen core social and economic indicators that are regularly measured over time in each of the seven inhabited U.S. coral reef jurisdictions: South Florida (Martin, Palm Beach, Broward, Miami-Dade, and Monroe Counties), Puerto Rico, and the U.S. Virgin Islands (USVI) in the Atlantic basin; and American Samoa, the Commonwealth of the Northern Mariana Islands (CNMI), Guam, and Hawai’i in the Pacific basin [18]. To measure the NCRMP socioeconomic indicators, the CRCP collects primary data through resident household surveys conducted once every 5-7 years in each jurisdiction, and these data are supplemented by secondary data sources (Table 1). Secondary data are obtained from external organizations such as the U.S. Census Bureau, Bureau of Labor Statistics, NOAA Economics: National Ocean Watch (ENOW), and The World Bank. Each indicator is then measured once per monitoring cycle for each jurisdiction by aggregating subsets of these variables [19,20]. After multiple data collection cycles, researchers will be able to track changes in indicator scores to inform policy, management, and research needs related to coral reefs and adjacent communities [21]. The 13 NCRMP indicators and data sources are presented in Table 1 (numbered but not ranked).



Coral reef-related research typically targets resource users, including recreational (e.g., [22,23]) and commercial users (e.g., [24]), that tend to be more familiar with current ecosystem conditions and more knowledgeable about the direct and indirect benefits of these ecosystems (e.g., [25,26]). While these perspectives are useful in certain management contexts, the NCRMP measures the social conditions of jurisdictional residents over time to better understand how local populations understand and interact with coral reef resources to improve education and outreach efforts. Further, as residential civic engagement is often the driving force behind impactful local governance and enforcement [27], measuring aspects of this dynamic at a local level enhances an understanding previously limited to those who routinely interact with coral reefs. Ultimately, tracking civic engagement and awareness of threats to coral reefs are critical to the justification of funding, supporting legislation, and policy to enable the conservation of coral reef resources. The sustainability of coral reef ecosystems and the benefits reefs provide is supported by legislation such as the Coral Reef Conservation Act of 2000 (P.L. 106-562; 16 U.S.C. 6401 et seq.), as well as protection from various state and territorial legislation. Socioeconomic data and monitoring assists management in fulfilling these mandates.




1.2. Purpose


The purpose of this paper is to explore a subset of results from the NCRMP’s first socioeconomic monitoring cycle conducted in all seven inhabited U.S. coral reef jurisdictions (2014–2018) using an ES framework and examine how those results can be used to improve coral reef ecosystem management. ES can be categorized by the benefits they provide: cultural, regulating, and provisioning [7,28]. In this context, "cultural" services are defined as the non-material benefits obtained from ecosystems, such as spiritual and religious, recreation and ecotourism, aesthetic, inspirational, educational, sense of place, and cultural heritage. "Regulating" services are benefits obtained from the regulation of ecosystem processes, such as climate regulation, hazard moderation, water regulation, and water purification. "Provisioning" services are products obtained from ecosystems, such as food, fisheries, ornamental resources, biochemicals, and genetic resources [7]. (There are also “supporting” services that allow for the production and maintenance of ecosystem services (for example, the supporting service of primary production or nutrient cycling by seagrass) [7]; however, support services are not addressed in this manuscript because the NCRMP survey does not include relevant questions).



The next section of this paper presents an overview of the survey methodology and sampling design. In Section 3, residents’ perceptions of specified ES values are examined across the seven inhabited U.S. coral reef jurisdictions, and differences between Atlantic and Pacific basins are analyzed. Section 4 discusses the importance of these findings and Section 5 explores how the chosen variables support broader NCRMP initiatives and the implications for ecosystem-based management. Finally, future areas of research are detailed in Section 6.





2. Materials and Methods


Surveys of residents 18 years of age or older were conducted in each of the seven U.S. coral reef jurisdictions from 2014 to 2017. Because vacation homeowners comprise a significant proportion of three of the jurisdictions, residency of at least three months of the year was required of survey respondents in South Florida and Hawai’i, and residency of at least six months of the year was required of survey respondents in USVI. (Residency periods were established by jurisdictional partner needs and definitions of residency). Surveys were administered face-to-face, by telephone, or a combination of the two depending on the local socio-cultural context. Stratified sample designs were commonly used to ensure adequate spatial representation of the target populations. The survey was translated into local languages by native speakers where appropriate to increase comprehension, coverage, and data accuracy. Reported response rates ranged from 1.5% to 27.8%. Responses were weighted for all jurisdictions except American Samoa. (Due to the sampling technique employed and the demographic comparability to the general population, sampling weights were not developed). For the remaining jurisdictions, base weights were developed to account for the complex sample designs and were then further calibrated using age, race, and/or sex for Florida and USVI to mitigate potential non-response bias. Table 2 provides details of the sample methodologies for each jurisdiction, including difficulties associated with each collection. (For greater detail, please see the appropriate technical memorandum for each jurisdictional data collection, as cited in Table 2 and the references section).



The survey instrument was developed in consultation with local partners and consists of a core module with questions asked in all jurisdictions to allow for national consistency and the ability to track information over time. While the indicators are applicable to all jurisdictions, there are considerable geographical, cultural, and linguistic differences among residents living near these coral reef areas, as well as differences in the ecology and types of species that inhabit coral reefs in the Atlantic and Pacific basins. To account for these differences, many of the core module question matrices also include items that are specific to the local context. Jurisdiction-specific questions and items also allow for the flexibility to ask about local resource management issues and emerging threats to reefs, though substantial modifications are restricted to maintain the scientific integrity of the monitoring effort. All included survey questions were approved for use by the Office of Management and Budget (OMB) under OMB#0648-0646 and are publicly available [29].



The present study focuses on six survey questions from the core module to analyze a series of ES values (cultural, regulating, and provisioning services), as well as one additional question to contextualize this study and analyze the status of the coral condition. A summary of the survey questions is shown in Table 3 (greater detail is provided in Appendix A). Except for coral condition, each scale was transformed to a binary measure for ease of analysis and interpretation, and weighted proportions were compared between jurisdictions and basins and tested for significant differences using t-tests.




3. Results


The following results present residents’ perceptions of the status of coral condition and values of cultural, regulating, and provisioning services across the seven inhabited U.S. coral reef jurisdictions. Differences between Atlantic and Pacific basins are also explored.



3.1. Perceptions of the Amount of Coral


Perceived quality of the amount of coral differed across and within jurisdictions (Table 4). Residents of CNMI (5.69 < t < 20.88, p < 0.01) and USVI (4.61 < t < 12.79, p < 0.01) were most likely to think the amount of coral is good, while residents of Florida (4.02 < t < 9.97, p < 0.01) and Puerto Rico (3.52 < t < 32.44, p < 0.01) were most likely to think the amount of coral is bad. In comparison, residents of American Samoa (t = 0.76, p = 0.45), Guam (t = 0.49, p = 0.62), and Hawai’i (t = 1.16, p = 0.25) had more divided perceptions and were equally likely to think coral amount is either good or bad.



On average, Atlantic basin residents were most likely to believe that coral amount is bad (5.88 < t < 30.32, p < 0.01) and Pacific basin residents were most likely to believe that coral amount is good (3.00 < t < 25.29, p < 0.01). Both basins were least likely to believe that coral amount is very good (Pacific: 7.80 < t < 30.32, p < 0.01; Atlantic: 3.20 < t < 25.29, p < 0.01).




3.2. Cultural Services


Most (90.0%) residents of U.S. coral reef jurisdictions agreed that “coral reefs are important to [jurisdiction’s] culture” (Table 5). Of all seven jurisdictions, residents of Guam had the highest level of consensus with this statement (2.64 < t < 21.02, p < 0.01) and residents of Puerto Rico the lowest (2.64 < t < 21.02, p < 0.01). Swimming/wading (69.0%) was the most common marine recreational activity among residents of all jurisdictions and diving (17.0%) was the least common. Compared to the other jurisdictions, residents of American Samoa were more likely to participate in fishing (5.87 < t < 14.95, p < 0.01), and residents of Hawai’i were more likely to participate in snorkeling (3.11 < t < 17.12, p < 0.01) and diving (4.01 < t < 14.44, p < 0.01). Residents of Puerto Rico were the least likely to participate in swimming/wading (4.23 < t < 16.46, p < 0.01), fishing (5.75 < t < 14.95, p < 0.01), and snorkeling (2.26 < t < 17.12, 0.00 < p < 0.02). Residents of American Samoa and Puerto Rico were equally unlikely to participate in diving (t = 1.49, p = 0.14).



On average, Pacific basin residents were more likely to believe coral reefs are important to their jurisdiction’s cultures (t = 14.27, p < 0.01) than Atlantic basin residents and were more likely to participate in each of the selected activities than Atlantic basin residents (fishing: t = 11.82, p < 0.01; swimming: t = 13.48, p < 0.01; snorkeling: t = 11.60, p < 0.01; diving: t = 9.34, p < 0.01). However, of the Atlantic basin jurisdictions, residents of USVI were more likely to believe that coral reefs are culturally important and more likely to participate in coral reef activities.




3.3. Regulating Services


Most (89.0%) residents of U.S. coral reef jurisdictions agreed that “coral reefs protect [jurisdiction] from erosion and natural disasters” (Table 5). On average, Atlantic basin residents were slightly more likely to agree that coral reefs are protective against erosion and natural disasters (t = 3.36, p < 0.01).




3.4. Provisioning Services


Roughly 65.0% of U.S. coral reef jurisdiction residents indicated they consume seafood at least once a week (Table 5). Residents of CNMI were the most likely to consume seafood at least once a week (8.75 < t < 15.97, p < 0.01) and residents of Puerto Rico (2.65 < t < 15.97, p < 0.01) were the least likely. Of the residents who indicated they fished or gathered, 52.0% did so sometimes or frequently to feed their family or household, and 10.0% to sell their catch. Residents of CNMI were also the most likely to fish or gather to consume seafood (1.70 < t < 9.25, 0.00 < p < 0.09), and residents of Florida, Puerto Rico, and USVI were equally unlikely to fish to sell their catch (0.17 < t < 1.60, 0.11 < p < 0.87). On average, Pacific basin residents were more likely to consume seafood at least once a week than Atlantic basin residents (t = 8.73, p < 0.01), as well as to fish for food (t = 6.29, p < 0.01) or to sell (t = 4.51, p < 0.01).





4. Discussion


The differences in perception between ocean basins suggest these two regions may value certain ES differently and/or may benefit from different management approaches. In the Pacific region, there is a stronger emphasis on the cultural importance of reefs, higher participation in marine activities, higher seafood consumption, and higher levels of fishing for food or income, which suggests greater resident cultural and personal provisioning service values. In the Atlantic region, residents have slightly higher values for the protection afforded by coral reefs, which suggests higher regulating service values. However, some resident responses in the USVI were more similar to those of residents in the Pacific basin than in the Atlantic basin.



4.1. Activity Participation


While the majority of residents in coral reef jurisdictions typically do not engage in diving, a significant proportion (35.0%) participate in snorkeling, and these jurisdictions are popular tourist destinations for diving and snorkeling as well. Tourism-driven diving and snorkeling can be major contributors to the local economy, thus providing further benefits to local residents, in addition to the cultural ES derived from recreation. Despite the potential for differences in activity participation among residents and non-residents, management should ensure that multiple stakeholders have access to the diverse opportunities for recreation provided by coral reefs while also ensuring that coral reefs are functioning to provide these desired ES.



Given limited local participation in underwater activities (diving and snorkeling), jurisdictional residents may not always be aware of changes in coral cover, coral bleaching, or changes in coral reef ecosystem status from first-hand knowledge. Therefore, communication and outreach strategies should seek to incorporate as many visuals as possible to convey the problems that coral reefs are facing, especially to those who are less directly familiar with underwater coral reef conditions [37,38,39], and to frame outreach messages in a way that is relevant to the way people conceptualize these issues [40].




4.2. Seafood Consumption and Subsistence Fishing


The provision of seafood is also a critical ES to coastal communities. Residents of all U.S. coral reef jurisdictions frequently consume seafood, indicating a reliance on seafood and fishery resources by coastal communities in general. While the data do not indicate whether the consumed seafood came from a coral reef or another source, residents who participate in fishing often do so to provide food for their families or, in some cases, as a way to make income from selling fish. This is particularly important to residents in the U.S. Pacific Islands, where more than 50% of residents in CNMI, Guam, and American Samoa sometimes or frequently fish to feed themselves or their household. Fishing to obtain food for personal use rather than for commercial or recreational purposes is typical in the Pacific Islands where seafood is important not only in dietary terms but also in terms of social organization and cultural continuity [41]. These findings support existing literature emphasizing the often underestimated and sometimes undocumented role of subsistence fisheries as a food source in island nations (e.g., [42,43]) and highlight the importance for management to ensure subsistence fishing is supported without overtaxing the environment, such as through decisions regarding marine protected area designations and policies.




4.3. Other Considerations


Marine activity participation and seafood dependence both contribute to cultural ES among jurisdictional residents and between ocean basins, but these may stem from broader cultural attachments to the marine environment and coral reef ecosystems. Six of the seven jurisdictions had over 90% agreement with the notion that coral reefs are important to the jurisdiction’s culture (76% of Puerto Rican residents agreed), which for some jurisdictions, may be influenced by ancestral connections. For example, corals are considered ancient ancestors in Hawaiian culture, which may elevate the biological, cultural, social, and ecological relevance of corals to Native Hawaiian residents [44].



Demographic differences may also explain some of the differences in ES values. For example, jurisdictions with higher population densities and larger urban areas, such as Florida and Puerto Rico, tend to have lower perceptions about cultural and provisioning values than other jurisdictions. This could be explained by the historical context of settlement or geographic differences in the proximity of residency to the coast. While all jurisdictions and sampled populations are considered coastal, there is variation in the degree of association with the coast among populations of all coastal areas [45]. In Puerto Rico, for example, approximately 3.6 million people (67% of the population) live in coastal portions of the territory [46], but people who live further inland may have different values than those who live directly on the coast. For instance, there are distinct agricultural communities in the upper mountainous area and lower Lajas Valley of the Guánica Bay watershed in coastal Puerto Rico [47,48] that may not value coral reefs the same way as communities in lower elevation areas with increased coastal ties.



However, the status of coral reef conditions is influenced by many short- and long-term drivers and pressures, including land-based sources of pollution and climate change, that operate at different temporal and spatial scales. Therefore, natural resource managers may need to consider both coastal and inland populations when making policy decisions. For example, watershed conservation actions, such as the use of green infrastructure or rainwater harvesting, that help to protect coral reefs as well as improve a variety of ES that residents care about on both land and water [3].





5. Conclusions and the Role of Integration


The first cycle of the NCRMP’s socioeconomic monitoring suggests a general consensus among residents of all U.S. coral reef jurisdictions that coral reefs provide important ES, specifically coastal protection from erosion and natural disasters, recreational and cultural importance, and consumptive benefits. From a management perspective, these findings are a positive indication that outreach and education efforts have generally been successful in communicating benefits provided by coral reef ecosystems to the public. This is especially important because literature has found that people are more likely to support conservation measures if they value the underlying ecosystem and associated social services [49]. These findings also provide insight into which ES are valued to different degrees in each jurisdiction, which will allow resource managers to make science-based decisions about how to communicate conservation and management initiatives.



The NCRMP is the first effort to take a holistic approach to ecosystem-based management and monitoring of both biophysical and social conditions of all U.S. coral reefs. Similar efforts toward integration are also being made at the international level through the Socioeconomic Monitoring Initiative for Coastal Management (SocMon) [50], through which case studies have highlighted the benefits of incorporating socio-ecological indicators in integrated management decisions [51,52]. The integration of social science into natural resource monitoring and management is crucial to achieve holistic management approaches [53,54,55] as it depends on understanding the dynamics of human populations who use and rely upon these key ecosystems. The NCRMP’s socioeconomic results presented in this study demonstrate the connectivity of U.S. communities to coral reef ecosystems and services and contribute to the broader calculation of socioeconomic indicators that can be tracked through time and integrated with benthic, climate, and fisheries monitoring data. This study underscores the CRCP’s belief that conservation cannot be successfully achieved without an informed and engaged public [17,56] and marks the beginning of an ongoing effort to better integrate social science into national coral reef conservation science in a consistent, documentable, and rigorous framework. Recently, a subset of NCRMP socioeconomic data was recently incorporated into the NCRMP Status Report designed for U.S. policymakers [57]. This report integrated socioeconomic data with biophysical data to demonstrate the status of U.S. coral reefs from a holistic perspective. As NCRMP continues into the second cycle of socioeconomic surveys, trend analyses will inform managers how social conditions are changing over time [58].




6. Limitations and Future Research


At its core, the NCRMP employs a wide-but-thin research approach, which allows for broad thematic and geographic data integration, but limits its abilities to explore more targeted research questions. The NCRMP provides baseline information and encourages regional partners to further explore potential nuances highlighted by these data. Of particular interest may be comparisons of values between general resident populations and tourists or residents specifically engaged in a certain activity. Exploration of other value types may also be considered.



Within the broader NCRMP context, there are four main areas for future research. First, resident perceptions of resource conditions could be compared to the conditions being observed by NCRMP biological and climate monitoring. For example, products or infographics displaying data side-by-side could be used to identify discrepancies between resident perceptions and observed coral conditions in a jurisdiction. Second, finer resolution socioeconomic data could be used to better perform subgroup analyses, as certain subgroups may value some ES more than others. For example, coastal residents may hold different ES values than inland residents. Similarly, there could be differences in values among various activity groups. Third, evaluation of certain ES could be enhanced by the refinement of survey questions. For example, cultural ties to coral reef ecosystems could be expanded through the collection of ancestral connections, the local language, or cultural folklore. Fourth, as the socioeconomic component extends beyond its first monitoring cycle (post-2018), trend analysis will be possible, and data will more easily integrate with biological and climate data streams. For example, changes in behavior related to increased public awareness efforts, such as increased use of reef-safe forms of sun protection or increased engagement in reef-related citizen science efforts, could be linked to changes in resource conditions. These four additional ways to refine NCRMP socioeconomic data collection and analysis could then be used to inform social-ecological ecosystem-based management, provide opportunities for communication and outreach efforts among scientists, managers, and residents, and assessments of existing outreach campaigns and targeted communication strategies.
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Appendix A. Overview of Relevant Survey Questions


The National Coral Reef Monitoring Program Socioeconomic Component allows for jurisdictional variation for local management needs. As such, variations in question wording are shown below. Please note that following the first cycle of data collection, the survey instrument has been revised for consistency in the terminology of questions, items, and scales where appropriate.




	
AS—American Samoa



	
CNMI—Commonwealth of the Northern Mariana Islands



	
FL—South Florida



	
GU—Guam



	
HI—Hawai’i



	
PR—Puerto Rico



	
USVI—U.S. Virgin Islands
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Table A1. Detailed overview of relevant survey questions.






Table A1. Detailed overview of relevant survey questions.





	
Analysis Theme

	
Question Phrasing, Item Phrasing, Interviewer Prompts, and Scale Used

	
AS

	
CNMI

	
FL

	
GU

	
HI

	
PR

	
USVI






	
Status of coral condition

	
Question: “In your opinion, how are [jurisdiction]’s marine resources currently doing?”

	
X

	

	
X

	
X

	
X

	
X

	




	
Question: “In your opinion, how are the marine resources currently doing on the island of your residence?”

	

	
X

	

	

	

	

	




	
Question: “In your opinion, what is the current condition of [jurisdiction]’s marine resources on the island of your residence?”

	

	

	

	

	

	

	
X




	
Scale: Very bad, Bad, Neither bad nor good, Good, Very Good, Not sure

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
Item: “Amount of coral”

	
X

	
X

	
X

	
X

	
X

	
X

	




	
Item: “Amount of coral and invertebrates”

	

	

	

	

	

	

	
X




	
Cultural values: Reef importance to culture

	
Question: “Please say whether you disagree or agree with each of the following statements.”

	
X

	
X

	
X

	
X

	
X

	
X

	




	
Question: “Please indicate the extent to which you disagree or agree with each of the following statements.”

	

	

	

	

	

	

	
X




	
Prompt: remind respondent of the definition of South Florida so that they answer these questions with respect to all counties, not just the Keys

	

	

	
X

	

	

	

	




	
Scale: Strongly disagree, Disagree, Neither, Agree, Strongly agree, Not sure

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
Item: “Coral reefs are important to [jurisdiction] culture/s”

	
X

	

	
X

	
X

	
X

	
X

	




	
Item: “Coral reefs are important to my island’s culture”

	

	
X

	

	

	

	

	
X




	
Cultural values: Activity participation

	
Question: “How often do you usually participate in each of the following activities?”

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
Scale: Never, Once a month or less, 2-3 times a month, 4 times a month or more

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
Item: “Swimming/wading”

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
Item: “Snorkeling”

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
Item: “Diving (SCUBA or free diving)”

	
X

	

	
X

	
X

	
X

	
X

	




	
Item: “Recreational diving (SCUBA)”

	

	
X

	

	

	

	

	
X




	
Item: “Fishing”

	
X

	

	

	

	

	

	




	
Item: "Fishing from shore---casting (rod & reel), cast netting"

	

	
X

	

	

	

	

	
X




	
Item: "Fishing from a boat, canoe or paddle board---rod and reel, trolling, speargun, free diving, SCUBA"

	

	
X

	

	

	

	

	
X




	
Item: “Fishing” with prompt: fishing for finfish

	

	

	
X

	

	

	
X

	




	
Item: “Fishing from shore (spear, cast net, gill net, drag net)”

	

	

	

	
X

	

	

	




	
Item: “Fishing or harvesting from a boat or kayak (rod and reel, trolling, free diving, scuba gear)”

	

	

	

	
X

	

	

	




	
Item: “Fishing (for finfish)”

	

	

	

	

	
X

	

	




	
Item: “Spearfishing”

	

	

	

	

	

	
X

	




	
Regulating values

	
Question: “Please say whether you disagree or agree with each of the following statements.”

	
X

	
X

	
X

	
X

	
X

	
X

	




	
Question: “Please indicate the extent to which you disagree or agree with each of the following statements.”

	

	

	

	

	

	

	
X




	
Scale: Strongly disagree, Disagree, Neither, Agree, Strongly agree, Not sure

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
Item: “Coral reefs protect [jurisdiction] from erosion and natural disasters”

	
X

	

	
X

	

	
X

	
X

	




	
Item: “Coral reefs protect [jurisdiction] from coastal erosion and natural disasters”

	

	
X

	

	

	

	

	
X




	
Item: “Coral reefs protect [jurisdiction] from coastal/shoreline erosion and natural disasters like typhoons and tsunamis”

	

	

	

	
X

	

	

	




	
Provisioning values: Seafood consumption

	
Question: “How often does your family eat fish/seafood?”

	
X

	
X

	

	
X

	
X

	

	




	
Question: “How often do you or your family eat fish/seafood?”

	

	

	
X

	

	

	
X

	
X




	
Scale: Every day, A few times a week, About once a week, 1-3 times a month, Less than once a month, Never

	
X

	
X

	
X

	
X

	
X

	
X

	




	
Scale: Every day, A few times a week, About once a week, 1-3 times a month, Less than once a month, Never, Not sure

	

	

	

	

	

	

	
X




	
Provisioning values: Fishing for income

	
Question: “How often do you fish or harvest marine resources (includes all fishing and harvesting of shells, octopus, lobster, sea cucumber, or other non-fish species) for each of the following reasons?”

	
X

	

	

	

	

	

	




	
Question: “How often do you fish or harvest marine resources for each of the following reasons?”

	

	
X

	
X

	
X

	
X

	
X

	
X




	
Scale: Frequently, Sometimes, Rarely, Never

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
Item: “To sell”

	
X

	
X

	
X

	
X

	

	

	
X




	
Item: “To sell” with prompt: “or for work” to include fishing/harvesting as part of employment

	

	

	

	

	
X

	
X

	




	
Provisioning values: Fishing for food

	
Question: “How often do you fish or harvest marine resources (includes all fishing and harvesting of shells, octopus, lobster, sea cucumber, or other non-fish species) for each of the following reasons?”

	
X

	

	

	

	

	

	




	
Question: “How often do you fish or harvest marine resources for each of the following reasons?”

	

	
X

	
X

	
X

	
X

	
X

	
X




	
Scale: Frequently, Sometimes, Rarely, Never

	
X

	
X

	
X

	
X

	
X

	
X

	
X




	
Item: “To feed myself and my family/household”

	
X

	
X

	
X

	
X

	
X

	
X

	
X
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Table 1. The thirteen NCRMP socioeconomic indicators and data sources.






Table 1. The thirteen NCRMP socioeconomic indicators and data sources.










	
	Indicator
	Data Source





	1
	Participation in coral reef activities
	Primary



	2
	Perceived resource condition
	Primary



	3
	Attitudes towards coral reef management strategies
	Primary



	4
	Awareness and knowledge of coral reefs
	Primary



	5
	Human population trends near coral reefs
	Secondary



	6
	Economic impact of coral reef fishing on jurisdiction
	Secondary



	7
	Economic impact of dive/snorkel tourism to jurisdiction
	Secondary



	8
	Community well-being
	Secondary



	9
	Cultural importance of coral reefs
	Primary



	10
	Participation in behaviors that may improve coral reef health
	Primary



	11
	Physical infrastructure
	Secondary



	12
	Knowledge of coral reef rules and regulations
	Primary



	13
	Governance
	Secondary
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Table 2. Sample methodologies by U.S. coral reef jurisdiction.






Table 2. Sample methodologies by U.S. coral reef jurisdiction.





	
Jurisdiction

	
Date

	
Mode

	
Sample Frame

	
Sample Design

	
Sample Selection

	
Languages Offered

	
Completes (Response Rate)

	
Difficulties






	
American Samoa [30]

	
Feb, 2014

	
FTF

	
None

	
Proportionate stratified sample (village by degree of urbanization and location)

	
Opportunistic

	
EN, SM

	
448 (NR)

	
No street addresses; Many unoccupied structures; Surveyor safety issues




	
South Florida [31]

	
Jan–Jul, 2014

	
CATI

	
Purchased phone list (landline and mobile)

	
SRS

	
SRS

	
EN, ES

	
1210 (13.4%)

	
None identified




	
Hawai’i [32]

	
Nov, 2014

	
CATI

	
Purchased phone list (landline and mobile)

	
Disproportionate stratified sample (county/island)

	
Systematic

	
EN

	
2240 (1.5%)

	
Small populations in Molokai and Lanai




	
Puerto Rico [33]

	
Dec, 2014–Feb, 2015

	
CATI

	
NR (landline and mobile)

	
Disproportionate stratified sample (socioeconomic region)

	
NR

	
EN, ES

	
2503 (5.61%)

	
Cultural and social norms affected calling dates/times




	
Guam [34]

	
Feb–Jul, 2016

	
CAPI

	
Census tracts divided into survey units

	
Proportionate stratified sample (Census tract)

	
Systematic

	
EN, CH, TL

	
582 (NR)

	
Small populations in some Census tracts; Restricted access to military installations




	
CATI

	
Online phone books (primarily landline)

	
SRS

	
130 (NR)




	
CNMI [35]

	
Aug, 2016–Apr, 2017

	
CAPI

	
NR

	
Proportionate stratified sample (island)

	
Systematic

	
EN, CH, CAL, TL

	
20 (NR)

	
Inaccurate 2010 Census populations (e.g., Typhoon Soudelor)




	
CATI

	
Online phone books (landline and mobile)

	
SRS

	
702 (NR)




	
USVI [36]

	
Feb–Apr, 2017

	
CATI

	
Purchased phone list (landline and mobile)

	
Disproportionate stratified sample (island)

	
NR

	
EN, ES

	
368 (27.8%)

	
None identified




	
CAPI

	
30 sites, 6 h per day

	
Opportunistic

	
820 (15–20%)








Abbreviations: CAL—Carolinian; NR—not reported; CH—Chamorro/Chamoru; FTF—face-to-face; EN—English; CAPI—computer-assisted personal interviewing; ES—Spanish; CATI—computer-assisted telephone interviewing; SM—Samoan; SRS—simple random sample; TL—Tagalog
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Table 3. Overview of survey questions examined in this study.
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Value

	
Survey Item

	
NCRMP Indicator

	
Measurement of Survey Item

	
Modified Measure for Analysis






	
Coral condition

	
Perceived condition of amount of coral

	
Indicator 2

	
5-point Likert scale of very bad to very good

	
Full scale




	
Cultural values

	
“Coral reefs are important to [jurisdiction]’s culture”

	
Indicator 9

	
5-point Likert scale of strongly disagree to strongly agree

	
Agreement (“agree” + “strongly agree”)




	
Participation in fishing, swimming/wading, snorkeling, and diving

	
Indicator 1

	
Never, once a month or less, 2-3 times a month, 4 times a month or more

	
Participation at any frequency (excludes “never”)




	
Regulating values

	
“Coral reefs protect [jurisdiction] from erosion and natural disasters”

	
Indicator 4

	
5-point Likert scale of strongly disagree to strongly agree

	
Agreement (“agree” + “strongly agree”)




	
Provisioning values

	
Seafood consumption

	
Indicator 9

	
Every day, a few times a week, about once a week, 1-3 times a month, less than once a month, never

	
At least once a week (“every day” + “a few times a week” + “about once a week”)




	
Fishing for food

	
Indicator 1

	
Frequently, sometimes, rarely, never

	
Combined “frequently” + “sometimes”




	
Fishing for income

	
Indicator 1

	
Frequently, sometimes, rarely, never

	
Combined “frequently” + “sometimes”
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Table 4. Perceptions of the condition of the amount of coral across U.S. coral reef jurisdictions.
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Condition of the Amount of Coral

	
Atlantic Basin

	
Pacific Basin




	
Florida

	
Puerto Rico

	
USVI

	
American Samoa

	
CNMI

	
Guam

	
Hawai’i




	
Mean (SE)

	
Mean (SE)

	
Mean (SE)

	
Mean (SE)

	
Mean (SE)

	
Mean (SE)

	
Mean (SE)






	
Very bad

	
0.23

	
0.06

	
0.07

	
0.13

	
0.02

	
0.07

	
0.11




	
(0.02)

	
(0.01)

	
(0.01)

	
(0.02)

	
(0.01)

	
(0.01)

	
(0.01)




	
Bad

	
0.38

	
0.42

	
0.22

	
0.35

	
0.28

	
0.36

	
0.31




	
(0.02)

	
(0.01)

	
(0.02)

	
(0.03)

	
(0.02)

	
(0.02)

	
(0.01)




	
Neither

	
0.14

	
0.35

	
0.24

	
0.13

	
0.16

	
0.15

	
0.18




	
(0.02)

	
(0.01)

	
(0.02)

	
(0.02)

	
(0.02)

	
(0.02)

	
(0.01)




	
Good

	
0.17

	
0.16

	
0.40

	
0.32

	
0.48

	
0.38

	
0.34




	
(0.02)

	
(0.01)

	
(0.02)

	
(0.03)

	
(0.02)

	
(0.02)

	
(0.01)




	
Very good

	
0.08

	
0.02

	
0.07

	
0.08

	
0.06

	
0.04

	
0.07




	
(0.01)

	
(0.00)

	
(0.01)

	
(0.02)

	
(0.01)

	
(0.01)

	
(0.01)
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Table 5. Average responses to survey questions pertaining to cultural, regulating, and provisioning ecosystem services among U.S. coral reef jurisdictions.
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Ecosystem Service

	
Survey Item

	
Measure

	
Atlantic Basin

	
Pacific Basin

	
U.S.




	
Florida

	
Puerto Rico

	
USVI

	
American Samoa

	
CNMI

	
Guam

	
Hawai’i

	
All Jurisdictions




	
Mean

(SE)

	
Mean

(SE)

	
Mean

(SE)

	
Mean

(SE)

	
Mean

(SE)

	
Mean

(SE)

	
Mean

(SE)

	
Mean(SE)






	
Cultural

	
Coral reefs are important to the jurisdiction’s cultures

	
Agreement

	
0.91

	
0.76

	
0.96

	
0.94

	
0.92

	
0.98

	
0.95

	
0.90




	
(0.01)

	
(0.01)

	
(0.01)

	
(0.01)

	
(0.01)

	
(0.00)

	
(0.01)

	
(0.00)




	
Swimming/wading

	
Activity participation

	
0.62

	
0.53

	
0.81

	
0.79

	
0.70

	
0.77

	
0.79

	
0.69




	
(0.02)

	
(0.01)

	
(0.01)

	
(0.02)

	
(0.02)

	
(0.02)

	
(0.01)

	
(0.01)




	
Fishing

	
0.26

	
0.15

	
0.37

	
0.52

	
0.35

	
0.29

	
0.36

	
0.29




	
(0.02)

	
(0.01)

	
(0.02)

	
(0.02)

	
(0.02)

	
(0.02)

	
(0.01)

	
(0.01)




	
Snorkeling

	
0.29

	
0.22

	
0.44

	
0.27

	
0.34

	
0.38

	
0.51

	
0.35




	
(0.02)

	
(0.01)

	
(0.02)

	
(0.02)

	
(0.02)

	
(0.02)

	
(0.01)

	
(0.01)




	
Diving

	
0.19

	
0.08

	
0.16

	
0.06

	
0.12

	
0.21

	
0.28

	
0.17




	
(0.02)

	
(0.01)

	
(0.01)

	
(0.01)

	
(0.01)

	
(0.02)

	
(0.01)

	
(0.00)




	
Regulating

	
Coral reefs protect the jurisdiction from erosion and natural disasters

	
Agreement

	
0.88

	
0.89

	
0.93

	
0.85

	
0.92

	
0.94

	
0.83

	
0.89




	
(0.01)

	
(0.01)

	
(0.01)

	
(0.02)

	
(0.01)

	
(0.01)

	
(0.01)

	
(0.00)




	
Provisioning

	
Seafood consumption

	
At least once a week

	
0.60

	
0.58

	
0.64

	
0.78

	
0.85

	
0.66

	
0.66

	
0.65




	
(0.02)

	
(0.01)

	
(0.02)

	
(0.02)

	
(0.01)

	
(0.02)

	
(0.01)

	
(0.01)




	
Fish to feed myself and my family/household

	
Sometimes or frequently

	
0.49

	
0.44

	
0.40

	
0.54

	
0.80

	
0.74

	
0.49

	
0.52




	
(0.03)

	
(0.03)

	
(0.03)

	
(0.03)

	
(0.02)

	
(0.03)

	
(0.02)

	
(0.01)




	
Fish to sell

	
0.04

	
0.08

	
0.07

	
0.15

	
0.11

	
0.12

	
0.12

	
0.10




	
(0.01)

	
(0.02)

	
(0.01)

	
(0.02)

	
(0.02)

	
(0.02)

	
(0.01)

	
(0.01)
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