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Executive Summary 

Natural Resource Condition Assessments (NRCAs) provide managers with concise assessments for 

select focal resources within National Park Service (NPS) units. These assessments evaluate 

indicators of condition for a resource and determine status and trends over time for best management 

of the resources within a unit. Salt River Bay National Historical Park and Ecological Preserve 

(SARI) is a 1,015 acre unit located within the Caribbean, situated on the north side of the island of 

St. Croix. Consisting of both marine and terrestrial components, environments of SARI range in 

elevation from 200 m below mean sea level along the north edge of the Salt River Canyon to 83 m 

above sea level in the semi-deciduous tropical forest. Marine communities account for more than 

60% of the area of the Park and include soft bottom habitats predominantly occupied by seagrasses 

and hardbottom habitats colonized by coral reefs. Terrestrial habitats are dominated by upland 

forests, mangroves, shrublands, and grasslands. 

The SARI NRCA considers 11 focal resources within the Park categorized as either pertaining to the 

supporting environment or biological integrity. These include shoreline dynamics, water quality, and 

watershed dynamics in the framework category of supporting environment, and mangrove, semi-

deciduous dry forest, coastal grassland, macroalgae, seagrass, corals, queen conch, and reef fish, in 

the framework category of biological integrity. Full assessments were conducted for all above-listed 

resources except for queen conch which was restricted to a limited assessment due to the data 

available. In each focal resource section, a discussion of threats, stressors, and data gaps relevant to 

the resource accompanies the assessment of condition. Resource issues relevant to all components 

within the Park are discussed separately and include impacts of hurricanes/tropical storms, land 

cover/land use changes, and human interactions related to boat traffic, marine debris, and poaching. 

Assessment of the focal resources in the Park resulted in the majority, six of 11 (55%), considered as 

warranting moderate concern. Four focal resources warranted significant concern, and only one 

resource was considered to be in good condition. Trends in condition were nearly equally divided 

between improving, deteriorating, stable, and undetermined. The focal resources assessed in this 

report are a mix of marine and terrestrial resources. Terrestrial resources included condition 

assessments for three vegetation communities (mangroves, dry tropical forest, and coastal grassland) 

and two supporting environments (watershed condition and shoreline dynamics). With the exception 

of coastal grasslands (which warrant significant concern), the other terrestrial focal resources were 

considered to be of moderate concern or good condition, with improving trends or stable conditions. 

The marine focal resources of SARI were either of significant concern (reef fish, corals, and 

macroalgae) or moderate concern (conch, seagrass, and water quality) with deteriorating or stable 

trends. Taken as whole, the assessment suggests that the focal resources of SARI are experiencing 

degraded conditions compared to reference conditions for these resources and appear to be under a 

wide range of threats. Deteriorating conditions for corals and macroalgae combined with a lack of 

recovery of the reef fish communities are especially concerning. The current conditions for these 

resources appear to have resulted from the interaction of disturbance events and anthropogenic 

impacts, including extent of hurricane damage, increasing sea surface temperatures, contaminants, 

introduction of invasive species, and continued fishing pressure. 
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Shoreline dynamics was assessed as being in both good condition and having an improving trend 

attributable to increasing shoreline length and extent of the shoreline currently in vegetated cover. As 

a supporting resource, the differing character of the shoreline, vegetated vs. sandy or rocky, will 

undoubtedly benefit particular biological resources at the expense of others. We consider the overall 

land accretion that is happening at a steady pace, especially in the northeast area of the Park, to be an 

improving trend as it supports terrestrial resources, providing land for mangrove colonization on 

mudflats and shorebird use on sandy/gravel shorelines. Similarly, the condition of mangroves has 

improved over the time period assessed as mangroves have both recolonized areas in which they 

were lost following Hurricane Hugo (1989) and have expanded seaward onto accreted sediments and 

landward with rising sea level. Coastal grasslands are the third focal resource assessed with an 

improving trend in condition. The improving trend is a direct result of management actions that have 

reduced non-native invasive plant species, combined with a reforestation effort focused on mixed-dry 

grassland native woody species. 

A moderate level of confidence was assigned to the majority of resources (6 of 11), with individual 

indicators assigned either low or medium confidence for those resources. A high level of confidence 

was assigned only for the coral reef focal resource and for shoreline dynamics. Three focal resources 

had low confidence in the assessment, including: coastal grassland, conch, and seagrass. Given that a 

minority of focal resources had high confidence in their assessments, assessments of condition are 

constrained by a lack of recent data, insufficient temporal or spatial coverage of datasets, or 

differences between survey methods for datasets compared in this assessment. Therefore, important 

information gaps, as well as protocols for future data acquisition and monitoring are suggested. 

Recommendations for future monitoring include the following: 1) design of an integrated approach to 

monitoring and data collection of marine focal resources of SARI, incorporating metrics of water 

quality, coral health and abundance, seagrass cover, and the presence of non-native invasive species, 

2) expansion of research on the use of the marine and terrestrial resources by visitors to estimate 

benefits from ecosystem services provided and amount of anthropogenic pressure on the resource, 3) 

expansion of a permanent plot network throughout the terrestrial vegetation focal resources to 

understand long-term changes in species assemblages and abundances, as well as tracking the 

distribution of invasive plant species, and 4) increased hydrological monitoring within the Salt River 

watershed, including establishment of a weather station, to quantify temporal frequency of the flow 

of water, nutrients, sediments, and contaminants from the terrestrial to the near-shore marine 

environment. Expansion of monitoring programs will add to the large body of research already 

conducted within the Park and will be invaluable for understanding changes to these resources 

resulting from future hurricane disturbance, rising seas, and increasing temperatures and changing 

rainfall patterns expected in a warming climate. 
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Chapter 1. NRCA Background Information (Rules/Guidance) 

Natural Resource Condition Assessments (NRCAs) evaluate current conditions for a subset of 

natural resources and resource indicators in national park units, hereafter ñparks.ò NRCAs also report 

on trends in resource condition (when possible), identify critical data gaps, and characterize a general 

level of confidence for study findings. The resources and indicators emphasized in a given project 

depend on the parkôs resource setting, status of resource stewardship planning and science in 

identifying high-priority indicators, and availability of data and expertise to assess current conditions 

for a variety of potential study 

resources and indicators. 

NRCAs represent a relatively new 

approach to assessing and 

reporting on park resource 

conditions. They are meant to 

complementðnot replaceð

traditional issue-and threat-based 

resource assessments. As distinguishing characteristics, all NRCAs: 

¶ Are multi-disciplinary in scope;1 

¶ Employ hierarchical indicator frameworks;2 

¶ Identify or develop reference conditions/values for comparison against current conditions;3 

¶ Emphasize spatial evaluation of conditions and GIS (map) products; 4 

¶ Summarize key findings by park areas; and 5 

¶ Follow national NRCA guidelines and standards for study design and reporting products. 

Although the primary objective of NRCAs is to report on current conditions relative to logical forms 

of reference conditions and values, NRCAs also report on trends, when appropriate (i.e., when the 

underlying data and methods support such reporting), as well as influences on resource conditions. 

These influences may include past activities or conditions that provide a helpful context for 

 

1 The breadth of natural resources and number/type of indicators evaluated will vary by park. 

2 Frameworks help guide a multi-disciplinary selection of indicators and subsequent ñroll upò and reporting of data for measures 

] conditions for indicators ] condition summaries by broader topics and park areas 

3 NRCAs must consider ecologically-based reference conditions, must also consider applicable legal and regulatory standards, 

and can consider other management-specified condition objectives or targets; each study indicator can be evaluated against one 

or more types of logical reference conditions. Reference values can be expressed in qualitative to quantitative terms, as a single 

value or range of values; they represent desirable resource conditions or, alternatively, condition states that we wish to avoid or 

that require a follow-up response (e.g., ecological thresholds or management ñtriggersò). 

4 As possible and appropriate, NRCAs describe condition gradients or differences across a park for important natural resources 

and study indicators through a set of GIS coverages and map products. 

5 In addition to reporting on indicator-level conditions, investigators are asked to take a bigger picture (more holistic) view and 

summarize overall findings and provide suggestions to managers on an area-by-area basis: 1) by park ecosystem/habitat types or 

watersheds, and 2) for other park areas as requested. 

NRCAs Strive to Provideé 

¶ Credible condition reporting for a subset of 

important park natural resources and indicators 

¶ Useful condition summaries by broader resource 

categories or topics, and by park areas 

file:///C:/2Working/report_procedures/templates/nrca_template/NRCA_Partner_Template_v4.1_Notes.docx%23Chapter1Background
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understanding current conditions, and/or present-day threats and stressors that are best interpreted at 

park, watershed, or landscape scales (though NRCAs do not report on condition status for land areas 

and natural resources beyond park boundaries). Intensive cause-and-effect analyses of threats and 

stressors, and development of detailed treatment options, are outside the scope of NRCAs. 

Due to their modest funding, relatively quick timeframe for completion, and reliance on existing data 

and information, NRCAs are not intended to be exhaustive. Their methodology typically involves an 

informal synthesis of scientific data and information from multiple and diverse sources. Level of 

rigor and statistical repeatability will vary by resource or indicator, reflecting differences in existing 

data and knowledge bases across the varied study components. 

The credibility of NRCA results is derived from the data, methods, and reference values used in the 

project work, which are designed to be appropriate for the stated purpose of the project, as well as 

adequately documented. For each study indicator for which current condition or trend is reported, we 

will identify critical data gaps and describe the level of confidence in at least qualitative terms. 

Involvement of park staff and National Park Service (NPS) subject-matter experts at critical points 

during the project timeline is also important. These staff will be asked to assist with the selection of 

study indicators; recommend data sets, methods, and reference conditions and values; and help 

provide a multi-disciplinary review of draft study findings and products. 

NRCAs can yield new insights about current park resource conditions, but, in many cases, their 

greatest value may be the development of useful documentation regarding known or suspected 

resource conditions within parks. Reporting products can help park managers as they think about 

near-term workload priorities, frame data and study needs for important park resources, and 

communicate messages about current park resource conditions to various audiences. A successful 

NRCA delivers science-based information that is both credible and has practical uses for a variety of 

park decision making, planning, and partnership activities. 

 

However, it is important to note that NRCAs do not establish management targets for study 

indicators. That process must occur through park planning and management activities. What an 

NRCA can do is deliver science-based information that will assist park managers in their ongoing, 

long-term efforts to describe and quantify a parkôs desired resource conditions and management 

Important NRCA Success Factors 

¶ Obtaining good input from park staff and other NPS subject-matter experts at 

critical points in the project timeline 

¶ Using study frameworks that accommodate meaningful condition reporting at 

multiple levels (measures ] indicators ] broader resource topics and park 

areas) 

¶ Building credibility by clearly documenting the data and methods used, critical 

data gaps, and level of confidence for indicator-level condition findings 
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targets. In the near term, NRCA findings assist strategic park resource planning6 and help parks to 

report on government accountability measures.7 In addition, although in-depth analysis of the effects 

of climate change on park natural resources is outside the scope of NRCAs, the condition analyses 

and data sets developed for NRCAs will be useful for park-level climate-change studies and planning 

efforts. 

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the 

NPS Natural Resources Inventory & Monitoring (I&M) Program.8 For example, NRCAs can provide 

current condition estimates and help establish reference conditions, or baseline values, for some of a 

parkôs vital signs monitoring indicators. They can also draw upon non-NPS data to help evaluate 

current conditions for those same vital signs. In some cases, I&M data sets are incorporated into 

NRCA analyses and reporting products. 

 

Over the next several years, the NPS plans to fund an NRCA project for each of the approximately 

270 parks served by the NPS I&M Program. For more information visit the NRCA Program website. 

 
6An NRCA can be useful during the development of a parkôs Resource Stewardship Strategy (RSS) and can also be tailored to act 

as a post-RSS project. 

7 While accountability reporting measures are subject to change, the spatial and reference-based condition data provided by 

NRCAs will be useful for most forms of ñresource condition statusò reporting as may be required by the NPS, the Department 

of the Interior, or the Office of Management and Budget. 

8 The I&M program consists of 32 networks nationwide that are implementing ñvital signsò monitoring in order to assess the 

condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural resources 

across the National Park System. ñVital signsò are a subset of physical, chemical, and biological elements and processes of park 

ecosystems that are selected to represent the overall health or condition of park resources, known or hypothesized effects of 

stressors, or elements that have important human values. 

NRCA Reporting Productsé 

Provide a credible, snapshot-in-time evaluation for a subset of important park 

natural resources and indicators, to help park managers: 

¶ Direct limited staff and funding resources to park areas and natural resources 

that represent high need and/or high opportunity situations  

(near-term operational planning and management) 

¶ Improve understanding and quantification for desired conditions for the parkôs 

ñfundamentalò and ñother importantò natural resources and values 

(longer-term strategic planning) 

¶ Communicate succinct messages regarding current resource conditions to 

government program managers, to Congress, and to the general public  

(ñresource condition statusò reporting)  

https://www.nps.gov/orgs/1439/nrca.htm
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Chapter 2. Introduction and Resource Setting 

2.1. Introduction 

2.1.1. Enabling Legislation 

The Salt River Bay National Historical Park and Ecological Preserve (SARI) is an archaeological and 

ecological preserve located on the island of St. Croix in the U.S. Virgin Islands. SARI ñuniquely 

documents the human and natural Caribbean world from the earliest indigenous settlements in the 

central Caribbean to their clash with seven different colonial European powers to the present dayò 

(NPS 2018a). 

SARI was established by Congress in 1992, in order to ñpreserve, protect, and interpret for the 

benefit of present and future generations certain internationally significant historical, cultural, and 

natural sites and resources in the Virgin Islandsò (Public Law 102-247, February 24, 1992). 

Congress found that SARI and its resources are ñworthy of a comprehensive preservation effort that 

should be carried out in partnership between the Federal Government and the Government of the 

U.S. Virgin Islands.ò Accordingly, Congress authorized the U.S. Secretary of the Interior to enter 

into cooperative agreements with the U.S. Virgin Islands for the preservation and management of 

SARI. 

2.1.2. Geographic Setting 

The Virgin Islands are part of the northerly Leeward Islands in the Caribbean, situated between the 

Greater Antilles and the Lesser Antilles. Politically, the islands fall into several jurisdictions: the 

British Virgin Islands, which are a British overseas territory, the Puerto Rican Virgin Islands, which 

is a territory of the United States, and the United States Virgin Islands (USVI), also a territory of the 

United States. The USVI consists of four larger islands: St. Croix, St. Thomas, St. John and Water 

Island, and some 50 smaller islets and cays. The total area of the USVI is 133 square miles. 

The island of St. Croix, the largest island (with an area of 82.88 sq mi / 214.66 km2) of the USVI, is 

located to the South of the string of islands that forms the Virgin Islands complex (USVI and BVI). 

St. Croix is a county and constituent district of the USVI. The highest point in the island is Mount 

Eagle with an altitude of 355 m (1,165 ft). The Salt River watershed is located in the central northern 

part of St. Croix (see Figure 2.1.2.1 and the map in Section 4.3). The Salt River National Historic 

Park and Ecological Preserve (SARI) is located at the northern end of the Salt River watershed. The 

park is five miles from Christiansted National Historic Site and can be reached by car via Rt. 75 from 

Christiansted, connecting to Route 80. SARI is unique for reasons of both history and nature (NPS 

2018a). 

The prehistoric complex at SARI is among the most important archaeological sites in the USVI. 

Within SARI, visitors can find several prehistoric sites dating back to A.D. 300, and other interesting 

sites locations such as the Columbus landing site. However, Salt River Bayôs appeal to visitors is 

largely underwater. Divers can discover anchors belonging to sailing ships from the last 400 years. In 

addition, numerous marine lifeforms and environments attract the interest of visitors.at SARI. The 

Salt River Bay houses the largest stand of mangrove forest in the USVI. This lush estuarine area 

https://www.vinow.com/stcroix/
https://www.vinow.com/stthomas/
https://www.vinow.com/stjohn/
https://www.vinow.com/waterisland/
https://www.vinow.com/waterisland/
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transitions into a barrier reef in about 35 feet of water, which precedes a spectacular submarine 

canyon that plunges down to over 600 feet. The proximity of this myriad of natural aquatic 

landscapes brings together a rich collection of marine species within a small area. The National Park 

Service and the Government of the U.S. Virgin Islands administer the park jointly (NPS 2019a). 

 

Figure 2.1.2.1. Geographic location of the US Virgin Islands in the Caribbean (upper panel). Location of 

the Salt River National Historic Park and Ecological Preserve (SARI) within the island of St. Croix (lower 

panel right). Demarcation of the territory that encompasses SARI (lower panel left). (Delineation of SARI 

area from NPS Boundary, NPS 2019b). 

2.1.3. Visitation Statistics 

Visitation statistics for SARI are provided by the NPS and are calculated based on the following: 1) 

the number of visitors to the visitor center, 2) the number of individuals visiting as part of school 

groups, 3) the number of visitors to the beach, and 4) the number of visitors on kayak tours. From 

January 2006 to December 2019, SARI had 71,751 visitors to the park, with most visits occurring 

between the months of December and April (NPS 2019c) (Figure 2.1.3.1). The average number of 
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recreational visitors to the park from 2006 to 2019 was 5,125 per year (NPS 2020). The number of 

visitors going to the park declined after the passage of Hurricanes Irma and Maria in September 2017 

(the park closed for a several months), and the number of visitors began increasing in early 2018. The 

Salt River Bay is considered a living museum where history and nature blend on the island of St. 

Croix. Visitors can explore mangrove forests as well as coral reefs and a submarine canyon. Visitors 

can enjoy a variety of activities on the land and in the water, including swimming, snorkeling, scuba 

diving, sailing, kayaking, hiking, nature watching and archaeology (NPS 2019c). Additionally, there 

are culturally significant camping locations and visitors can also enjoy horseback riding. Guided 

tours within certain locations of the park are offered to visitors. 

 

Figure 2.1.3.1. Annual Visitations in SARI during the period 2006ï2019 (data from NPS 2020). 

2.2. Natural Resources 

2.2.1. Ecological Units and Watersheds 

Salt River Bay National Historical Park and Ecological Preserve (SARI) is a mosaic of ecosystems 

that includes mangrove forests, a submarine canyon, coral reefs, seagrass beds, coastal forests, and 

some developed landscape elements (Figure 2.2.1.1). The park is located in the north coast of the 

island of St. Croix (NPS 2015). 
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Figure 2.2.1.1. Ecological Units for Salt River Bay National History Park. Data collected in 2000 and 

published 2005 (Kendall et al. 2005; NCCOS 2019). 

Ecological Units 

Coral reefs and hardbottom (colonized and uncolonized) occupy about 116.3 ha (Table 2.2.1.1) up to 

25 m deep. Based on Kendall et al. (2005), reefs are known to exist at deeper habitats but an 

assessment of these areas was not conducted at that time. More recent surveys have been monitoring 

corals as deep as 40 m (see Chapter 4.6.1). About 70% of the hardbottom habitat has been 

characterized as being colonized (Kendall et al. 2005). Previous studies on coral reef cover found that 

about 3% of SARI (hardbottom) is covered by corals (~ 41 species). However, these studies were 

mostly done on the canyon walls. In general, solidified substrates of the canyon tend to benefit live 

coral cover (Boulon 1978; Rogers et al. 1984). Nevertheless, the east and west walls present very 

different habitat conditions. For instance, the live coral optimal growth depth is about 18 m in the 

east while on the west wall its optimal growth depth is about 9 m (Rogers et al. 1984). In addition to 
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the canyon, another important reef component are the linear reefs. The linear reefs serve as insulating 

barriers that protect the seagrass, algae, and mangrove habitats from wave action but also prevent 

deeper reefs from being impacted by terrestrial sediments and storm driven currents. 

Table 2.2.1.1. Ecological Units for SARI. Data collected in 2000 and published 2005 (Kendall et al. 2005; 

NCCOS 2019). 

Location Ecological Unit Area (ha) % cover 

Benthic 

Benthic-Unknown 55.3 13.18 

Coral Reef and Colonized Hardbottom 104.8 24.96 

Macroalgae 18.6 4.44 

Mud 25.1 5.99 

Sand 11.4 2.70 

Seagrass 29.5 7.02 

Uncolonized Hardbottom 11.5 2.73 

Total Area 256.3 61% 

Terrestrial 

Forest/Trees 106.0 25.25 

Freshwater Pond 0.3 0.07 

Rock/Soil 2.7 0.63 

Saltwater Pond 2.4 0.58 

Sand/Beach 1.3 0.30 

Shrubs/Bushes 10.9 2.59 

Shrub/herbaceous 14.2 3.38 

Mangrove 18.6 4.44 

Total Area 156.4 37% 

Artificial Anthropogenic 7.3 1.73 

Total Area ï 419.9 ï 

 

Seagrass and macroalgae ecological unit refers to areas where the vegetation cover is dominated by 

seagrass and algae. The seagrass species Halophila decipiens is found mostly in areas with 

unconsolidated sediment such as the canyon floor. Salt River Bay is dominated by Thalassia 

testudinum, Syringodium filiforme, and Halodule wrightii. The growth of the macrophytes is highly 

seasonal. The synergistic effect of reduced radiation, increased wave action, and sediment 

disturbance (from ephemeral river discharge and currents) during the winter season on these habitats 

tend to reduce growth and cover of seagrass. This is particularly evident in the shallow depths of the 

canyon floor, where light penetration is low. In general, the cover of seagrass and algae has been in 

decline in SARI since 1970, with Salt River Bay experiencing the greatest losses (Kendall et al. 

2005). 

The mangrove ecological unit is composed of mangrove forest stands of variable cover density. 

There are three major mangrove species: Avicennia germinans (black mangrove), Laguncularia 
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racemosa (white mangrove), and Rhizophora mangle (red mangrove). Typically, these mangrove 

species present distribution patterns associated with the proximity to shore where red mangroves tend 

to be nearest to the shoreline, white mangroves most inland, and black mangroves in between. Prior 

to Hurricane Hugo, most of the mangrove cover was represented by black mangroves, followed by 

red mangroves, and a mixed mangrove forest also representing an important part of the landscape 

(see Ch. 4.4.1). A variety of organisms, such as fish (adults and juveniles), algae, sponges, tunicates, 

mollusks, and other invertebrates inhabit the mangrove forests (Tomlinson 1986; Hogarth 1999). 

Additionally, mangroves also serve a nursery function for reef fish (Nagelkerken 2009). Mangroves 

have experienced some of the highest losses in cover, especially after Hurricane Hugo. There have 

been restoration initiatives to increase mangrove cover; however, the success has been limited 

(Kendall et al. 2005). 

Based on information collected in 2000 and published 2005 (Kendall et al. 2005), land use in SARI 

has had notable human influence, but at the time of the study less than 2% of the park presented 

permanent anthropogenic structures (Table 2.2.1.1). Dredging conducted in the 1960s (Pinckney 

2014) to create an embayment for a hotel/marina development has been an important factor altering 

the salinity of the topsoil (spoil disposal) and the natural shape of the shoreline and bathymetry of the 

bays. Loam is the major component of the topsoil, which generally is not well suited for agriculture. 

Most of the vegetation cover consists of forest and shrubs/bushes of varying cover density. In 

general, the soils of the park, including the Salt River floodplain, are not suited for agriculture (NPS 

1990; USDA 2000). As of the early 2000s, closed forest canopy covered most of the natural and 

semi-natural areas of the park (~25%), which are located in the southern portions of the park. The 

forests are dominated by dry forest types, which include semi-deciduous and gallery semi-deciduous 

forest. Shrubs and bushes concentrated in the northeastern and northwestern portions of the park 

account for ~6% of the vegetation cover of the park (Kendall et al. 2005). The most recent 

assessment of terrestrial vegetation in the park mapped 166 ha via interpretation of aerial orthophotos 

obtained in 2006ï2007 (Moser et al. 2011). See the section on Terrestrial Communities in this 

chapter for more information. 

Watershed 

Although Salt River flows only during certain times of the year, the watershed drains approximately 

1,360 ha (Figure 2.2.1.2), and presents an elevation gradient of about 300 m.a.s.l. The estimate of 

forest cover presented in Figure 2.2.1.2 for 2000 comes from a vegetation map produced as part of a 

Rapid Ecological Assessment by the Virgin Islands Conservation Data Center (University of the 

Virgin Islands 2001). This map was derived from aerial photographs that spanned the years 1994 to 

2000. The analysis of the data used to produce the map showed that at the time, most of the area in 

the watershed was covered by natural or semi-natural vegetation (~81%). The remaining area (~19%) 

was occupied by human development (16.9%) or cropland (1.5%, Table 2.2.1.2). However, 

regardless of the small percentage of area developed, the main channel of the river has to traverse 
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these areas before reaching the Salt River Gut1, which can result in increased delivery of sediment to 

the bay, increasing turbidity of the water (Figure 2.2.1.2). 

 

Figure 2.2.1.2. Land use for the Salt River watershed (University of the Virgin Islands 2001). Salt River 

watershed and smaller catchments were delineated in ArcGIS using Saint Croix DEM (St. Croix, U.S. 

Virgin Islands Coastal Digital Elevation Model ï CKAN (data.gov)). 

Based on the resulting land cover analysis, it was observed that within natural areas of the basin, 

shrubland was the major cover of the watershed (~40%, Table 2.2.1.2). Thicket scrub was the most 

abundant vegetation type (37.9%), with several other shrubland classes constituting the remaining 

2%. Herbaceous areas covered about 16.6% of the watershed, with pasture being the most important 

 
1 In the Virgin Islands, gut or ghut, is a local term used to refer to a watercourse or stream of either permanent or 

intermittent flow (Gardner et al. 2008) 
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cover (12.32%). Dry tropical forest (~12%) and woodland (~11%) were and are present but confined 

to areas such as river guts where higher soil moisture over longer periods are encountered. Wetlands 

in the watershed cover a very small percentage (1%). The majority of the area classified as wetland 

was occupied by mangrove cover and adjacent freshwater wetland (Table 2.2.1.2). 

Table 2.2.1.2. Land Use for the Salt River Watershed (University of the Virgin Islands 2001). 

Land Use Cover type Area (Ha) % 

Cropland Cropland 20.94 1.54 

Developed Developed 230.13 16.94 

Dry Forest 
Gallery semi-deciduous forest 43.77 3.22 

Semi-deciduous forest 118.46 8.72 

Herbaceous 

Coastal grassland 0.02 0.00 

Mixed grassland 21.91 1.61 

Pasture 167.39 12.32 

Pasture mixed scrub 36.74 2.70 

Moist Forest Gallery moist forest 0.01 0.00 

Shrubland 

Coastal hedge 0.24 0.02 

Gallery shrubland 8.68 0.64 

Mixed dry shrubland 29.37 2.16 

Thicket scrub 514.78 37.90 

Sparse Vegetation Beach 0.25 0.02 

Wetland 

Fresh pond 3.63 0.27 

Fringing mangrove 1.59 0.12 

Mangrove forest 1.82 0.13 

Mangrove shrubland 3.78 0.28 

Mangrove woodland 0.02 0.00 

Mixed swamp 0.88 0.06 

Salt flat 0.91 0.07 

Salt pond 1.49 0.11 

Woodland 

Evergreen woodland 0.64 0.05 

Gallery semi-deciduous woodland 69.97 5.15 

Semi-deciduous woodland 80.88 5.95 

Total ï 1358.3 ï 

 

The condition of the Salt River watershed is analyzed in Section 4.3.1 using a data set obtained from 

the National Oceanic and Atmospheric (NOAA 2002, 2007, 2012). Temporal trends in condition 

metrics are evaluated using the land use/cover change for the referred period 2002ï2012. 
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2.2.2. Resource Descriptions 

Coastal Dynamics 

Similar to other areas in the U.S. Virgin Islands, winds are the dominant force controlling the 

currents in Salt River Bay and along the bay mouth. Easterly wind direction is responsible for an east 

to west current throughout the year alongshore. This dominant east-west current is the major drivers 

of the shelf sediment transport into the Salt River Canyon (Kendall et al. 2005). In the eastern section 

of the park, the Judithôs Fancy headland formation functions as a shield that reduces the wave action 

generated by the easterly winds that transports water over the reef crest all the way into the Salt River 

Bay (Kendall et al. 2005). As a result, the east shelf is a major source of sediment for the Salt River 

Canyon (Hubbard 1989, 1992). 

Sediment type and distribution is heavily influenced by depth and proximity to terrestrial sources 

(Kendall et al. 2005). Sediment of the deep areas of the bays is very fine and originates from 

terrestrial erosion and runoff that is carried into the bays by ephemeral streams during periods of 

heavy rain (Gerhard and Petta 1974). While in the shallow areas of the bays, the sediment is 

primarily carbonate derived from calcareous algae Halimeda (Kendall et al. 2005). Hubbard (1989, 

1992) also suggested that outside the bays, bioerosion of corals is the main source of carbonated 

sediments. 

Sediment input and export of Salt River Canyon is a process in which sediment accretion is a 

gradual, slow and long term process while erosion is brief and intense (Williams 1988). For instance, 

there are records of heavy rain removing the equivalent of 5ï10 years of sediment accumulation on a 

single day. Also, during strong storms such as hurricanes, large volumes of water can enter the bays 

causing large storms surges (1ï1.5 m, Kendall et al. 2005) and result in flooding and erosion of the 

coastal areas. Given the sediment dynamics in SARI, erosion is likely to increase with an increase in 

strong hurricane frequency (Kendall et al. 2005). 

An important aspect of the coastal dynamics, in particular inside of the bays, is the role of mangroves 

in coastal stabilization and water quality of the bays (Kendall et al. 2005). Mangroves serve as a 

barrier reducing the effect of storm surge and flooding against the coast preventing erosion. 

Additionally, the outlet of the Salt River Gut flows through a mangrove forest which buffers seagrass 

beds, coral reefs, and other benthic habitats from effects of terrestrial runoff (Kendall et al. 2005). 

Coastal Geomorphology 

The coastal geomorphology of Salt River Bay is heavily influenced by the Salt River watershed 

(Kendall et al. 2005). Two main formations underlie the SARI area. The Miocene Kingshill 

Formation (mostly limestone) underlies the south part of SARI and most of the river drainage. On the 

north side, the Cretaceous Judithôs Fancy Formation is a mixture of volcanoclastics, sandstone, and 

mudstone with exposed bedrock around the shoreline of SARI (Figure 2.2.2.1, Kendall et al. 2005). 

The Salt River, Sugar and Salt River Bays consist of eroded course and fine (terrestrial silt and clay) 

grain sediments (Kendall et al. 2005). Sediment in Sugar and Salt River Bay consists of two distinct 

types: carbonate and terrestrial sediments. Carbonate sediments originate from calcareous algae and 

other benthic organisms (mollusks, foraminifera, and echinoids), while terrestrial sediments originate 
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from upland runoff and are transported to the bays by the Salt River (Gerhard and Petta 1974). To the 

east, Triton Bay has lower presence of terrestrial sediments since it is less influenced by the Salt 

River Gut. However, the carbonate composition is likely to be similar to that of the other two bays 

with calcareous algae Halimeda being the main source of calcareous sediments (Kendall et al. 2005). 

 

Figure 2.2.2.1. Generalized geologic map of St. Croix. After Whetten (1974) (in Nagle and Hubbard 

1989). 

Shoreline 

The shoreline in SARI can be divided into the west and east shores of the Salt River Bay and shores 

that surround Sugar and Triton Bays. Shores in the Salt River Bay west and east walls are mostly 

influenced by longshore and wind generated currents, while tidal dynamics and the Salt River mouth 

deposition mostly affect shores in the other bays. The length of the shores of the west of the Salt 

River Bay in general have been relatively stable since 1956. However, the east shores have changed 

significantly, especially as a result of manmade modifications which included dredging of a saltwater 

pond (Table 2.2.2.1, Figure 2.2.2.2). However, changes in the length of the shoreline only partially 

describe the dynamics of the coast. Coastal habitat changes, such as loss or gain of sandy beach 

areas, can have an important impact for local wildlife (see Section 4.1.1). 

The northwest area of the park contains mostly sandy beaches with some rocky shores. While the 

shores closer to the Salt River mouth are mostly covered by vegetation with some artificial structures 

and sandy/gravel beaches. The northeast area of the park presents mostly cliffs and rocky beaches 

with some areas populated by mangroves. The shoreline east of Salt River Bay presents mostly sandy 

beaches with some rocky shores. 
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Table 2.2.2.1. Coastal shoreline length for 1954 and 2019. Length of the shoreline in meters was 

determined by digitization of the landward vegetated boundary using aerial photography (see Data and 

Methods of Section 4.1.1). 

Section 1954 2019 

East 1342 2652 

West 1431 1302 

 

In general, erosion in the SARI is not a major concern, especially in the western shores where, 

although there exists movement of the shoreline in some areas, the majority of the shoreline is 

relatively stable. Conversely, the eastern shoreline has experienced a big change from 1954. 

However, this change has been mostly a result of man-made modifications. Interestingly, natural 

processes such as longshore sediment transport are moving sediment from the northeast corner 

southward (Figure 2.2.2.2, see Section 4.1.1). 

 

Figure 2.2.2.2. Shoreline for the northern and central shorelines for the period between Salt River Bay for 

1956 (pink line) and 2019 (blue line). Park boundary in hatched yellow and currents modeled after 

Kendall et al. (2005). 
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Bathymetry assessments for the SARI show that most areas in the Salt River Bay range in depth 

between 0 to 6 m depth below mean lower low water (MLLW) (Figure 2.2.2.3). These shallow 

waters play an important role in preventing shoreline erosion by reducing wave energy. SARI also 

includes areas of deep waters, which are mostly in the northern area of the park along the Salt River 

canyon. The northeastern shelf, which plays a major role in the sediment transport east-west, presents 

shallow waters between 0 to 4 m below MLLW. 

 

Figure 2.2.2.3. Bathymetry for Salt River National Historic National Park (Battista 2015). Park boundary in 

hatched yellow. 

Bathymetry data (from Battista 2015) were plotted using a density distribution (similar to a 

histogram) to quantify the most prevalent depths within the protected areas. The plots were 
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constructed using density function in ggplot2 (RStudio, version 1.2.1335). The range in water depths 

for the park is large, ranging from 0 to ī200 m relative to MLLW. However, the majority of park 

presents shallow water with depths ranging from 0 to ī10 m MLLW  (Figures 2.2.2.3 & 2.2.2.4). 

 

Figure 2.2.2.4. Density distribution for bathymetry estimates for Salt River National Historic National Park 

(SARI). Higher density values represent higher occurrence. Depth is referenced to MLLW. 

(https://coast.noaa.gov/data/Documents/Metadata/Lidar/harvest/usvi2011_bathy_m1394_metadata.xml) 

Chemical / Physical Conditions 

Water Quality 

The marine waters around the Salt River Canyon are very popular for SCUBA diving, noted for 

periods of exceptional water clarity. Turbidity can increase during periods of intense northern swell 

and sediment resuspension. Waters inside the barrier reef and towards the lagoons are much more 

estuarine, with some areas near a marina complex and boat chandlery and other areas farthest from 

the canyon exhibiting low dissolved oxygen and high turbidity (Kendall et al. 2005). Values in these 

areas occasionally exceed guidelines of the Division on Environmental Protection (DEP) of the USVI 

Department of Planning and Natural Resources (DPNR) for Class B waters designated for contact 

recreation and aquatic life use support (Kendall et al. 2005). Land-based sources of pollution are 

likely the largest threat to water quality in SARI. Section 4.2.1 shows a map of monitoring sites for 

water quality. 

Weather and Climate 

The climate in the Virgin Islands is tropical. In SARI, the average high temperature ranges between 

84°F and 89°F, with lows between 73°F and 80°F (23°C to 27°C). The temperatures of 98°F (37°C) 

and 51°F(11°C) are respectively the maximum and minimum temperatures registered for the period 

March 1951 to December 2019 at the Christiansted Hamilton Field Airport located on St. Croix 

(NOAA 2020). The coolest months in the year occur from December to March. Average 

temperatures in the winter are around 73°F (23°C). August through October is the hottest time of the 
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year, with average high temperatures in the upper 80s and low 90s (29°C to 32°C) (data from NOAA 

2020). 

The rainy season extends from May to December, with a short dry spell in June and July, while the 

dry season goes from January through April. The months with least precipitation are February and 

March, while the wettest period is from September to November. The total annual precipitation is of 

the order of 1,000 millimeters (mm) to 1,200 mm (40 to 47 inches) per year and is generally slightly 

more abundant on the northern slopes of Buck Island. The maximum 24 hour rainfall registered for 

the period March 1951 to December 2019 at the Christiansted Hamilton Field Airport is St. Croix 

was 457 mm (about 18 in) (Figure 2.2.2.5). This precipitation was recorded during the passage of 

Hurricane Frederick in early August, 1979. NOAA (2020) daily rainfall records show that during the 

passage of Hurricane Maria on September 20, 2017, the precipitation reached over 130 mm (5 

inches) prior to the instrument being damaged by strong winds. Thus, the total amount of rainfall 

associated with the storm was not recorded. Major rain episodes are commonly linked to hurricanes 

events. Hurricane season in the region starts officially on June 1 and extends until November 30, 

with peak months for storms from August to October. A detailed discussion of hurricanes can be 

found in Section 2.2.3. 

 

Figure 2.2.2.5. Maximum daily rainfall registered for the period March 1951 to December 2019 at the 

Christiansted Hamilton Field Airport in the Island of St. Croix (NOAA 2020). 

The weather in the Caribbean is also modulated by the trade winds (easterlies) blowing east to west. 

The strong easterlies can sometimes bring clouds of African dust from the Sahara; millions of tons of 

dust can be transported each year, affecting air quality and potentially affecting marine life, including 

coral reefs. The intensity of the winds in the Virgin Islands vary, but the strongest wind episodes not 

linked to hurricanes occur from December to February and correspond to systems with winds from 

the north, aka Christmas Winds. Maximum average daily wind speed is 27.74 miles per hour (mi/hr), 

and the fastest 2 minute wind speed, registered for the period August 2000 to December 2019, was 

61 mi/hr, as recorded at the Christiansted Hamilton Field Airport in St. Croix (NOAA 2020). 

Data for weather parameters presented in this chapter were obtained from the NOAA GHCN (Global 

Historical Climatology Network)-Daily database. GHCN-Daily is a composite of climate records 
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from numerous sources that are merged and then subjected to a suite of quality assurance reviews 

(Menne 2012). The archive includes over 40 meteorological parameters, including temperature daily 

maximum/minimum, temperature at observation time, precipitation, snowfall, snow depth, 

evaporation, wind movement, wind maximums, soil temperature, cloudiness, and more (NOAA 

2020). The Caribbean region has undergone relatively consistent seasonal rainfall periods, small 

annual temperature fluctuations, and a variety of extreme weather events, such as hurricanes, tropical 

storms, and droughts. Notwithstanding, these patterns are changing and are projected to be 

increasingly altered due to climate change. 

Climate change is anticipated to add to the stresses of coastal environments by modifying 

temperature and precipitation patterns, increasing the likelihood of extreme precipitation events, and 

accelerating rates of sea level rise. Changing climate and weather patterns interacting with human 

activities, are affecting land use, air quality, and resource management and are posing growing risks 

to food security, the economy, culture, and ecosystems services. Some coral reefs in the Caribbean 

are already experiencing transformational changes (USGCRP 2018). 

Climate variations due to these large-scale patterns directly impact water resources in the U.S. 

Caribbean because the islands largely rely on surface waters and consistent annual rainfall to meet 

freshwater demands. According to recent studies (Campbell et al. 2011; Henareh et al. 2016), the 

Caribbean is envisaged to have longer dry seasons and wetter rainy seasons. Extended dry seasons 

are expected to increase the stress on already scarce and vulnerable water resources. Dependable and 

safe water supplies for U.S. Caribbean communities are threatened by drought, flooding, and 

saltwater contamination due to sea level rise (Cashman et al. 2010). Air and seawater temperatures 

are predicted to rise. Rising air and water temperatures along with changes in precipitation are 

intensifying droughts. 

St. Croix, like so many other islands in the Caribbean, is among the Earthôs most vulnerable places to 

the impacts of climate change, particularly sea-level rise. Sea level rise, combined with stronger 

wave action and higher storm surges, will worsen coastal flooding and increase coastal erosion, 

likely leading to diminished beach area, loss of storm surge barriers, decreased tourism, and negative 

effects on livelihoods and well-being (USGCRP 2018). 

The NOAA-developed Sea Level Rise (SLR) and Coastal Flooding Impacts Viewer can be used to 

visualize the impact of high tide flooding and sea level rise. This viewer presents coastal managers 

and scientists with a preliminary look at SLR and coastal flooding impacts and helps gauge trends 

and prioritize actions for different scenarios. The viewer is a screening-level tool that uses nationally 

consistent datasets and analyses presented in a Web mapping application format using ESRIôs 

ArcServer and Adobeôs FLEX technology (http://www.csc.noaa.gov/digitalcoast/tools/slrviewer/). 

Figure 2.2.2.6 shows a simulation of the extent of flooding in SARI during high tide. 

http://www.csc.noaa.gov/digitalcoast/tools/slrviewer/
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Figure 2.2.2.6. High Tide flooding simulation for SARI. Red marking depicts the flooded areas during 

Mean High Water (MHW) Image derived using the NOAA SLR and Coastal Flooding Impacts Viewer 

(https://coast.noaa.gov/slr/#/layer/slr/). 

Figure 2.2 2.7 shows the impact on of a 1.2 m (4 ft) sea level rise above mean higher high water 

(MHHW) in SARI. In the graphic display provided by the viewer, areas that are hydrologically 

connected (according to the digital elevation model used) are shown in shades of blue that represent 

depth of inundation. Low-lying areas, displayed in green, are hydrologically ñunconnectedò areas 

that may flood. These are determined solely by how well the elevation data capture the areaôs 

hydraulics (NOAA 2011). Water levels are shown as they would appear during Mean Higher High 

Water (MHHW) and do not take into consideration future erosion, subsidence, or man-made 

alterations of the shoreline. 

In addressing climate change, it is important to be aware that the islands have unique issues related to 

data availability and the capacity to develop datasets comparable to those available for the 
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continental United States. For example, the small size of the islands, particularly the USVI, affects 

the availability and accuracy of downscaled climate data and projection. 

 

Figure 2.2.2.7. Sea level rise simulation. SARI. Right panel: SARI present coastline. Left panel: SARI 

coastline for a 4 feet rise corresponding to the estimated sea level in 2080. Low-lying areas, displayed in 

green, are hydrologically ñunconnectedò areas that may flood. Graphic display under this scenario derived 

using the NOAA SLR and Coastal Flooding Impacts Viewer (https://coast.noaa.gov/slr/#/layer/slr/). 

Air Quality 

The National Park Service participates in several national, multi-agency air quality monitoring 

networks. These networks focus on ozone, visibility, particulate matter, and atmospheric deposition 

of nitrogen, sulfur, and mercury. The trade winds blowing across the tropical Atlantic Ocean bring 

millions of tons of dust from the Sahara and Sahel regions of Africa to the Caribbean every year. The 

dust that reaches the Caribbean limits visibility and research indicates that this dust also contains 

viable bacteria, viruses, and fungi, nutrients, metals, and persistent organic pollutants (e.g., 

pesticides, PAHs, PCBs) (Kellogg and Griffin 2003; Garrison et al. 2011). During the periods of high 

wind blown dust concentration, known as dust pulses, the number of microbes present in the air can 

be as much as ten times higher than during normal times. This condition represents a hazard to the 
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health of humans and ecosystems. For example, a particular soil fungus detected, Aspergillus 

sydowii, causes sea fan disease and results in widespread coral mortality (Kellogg and Griffin 2003). 

Certain chemicals transported by the wind may also have harmful effects on surface waters, marine 

environments, and vegetation similar to those found in SARI. Nitrogen and sulfur can contribute to 

ocean acidification. Ocean acidification, caused by greenhouse gas emissions, may contribute to the 

degradation of coral communities (Sullivan et al. 2011). 

African dust or human-caused haze from fine particles of air pollution may also affect visibility. 

There is an air quality permanent monitoring site for air quality on SARI. Observations made in this 

station indicate a reduction of the average natural visual range from about 120 miles (without 

pollution) to about 65 miles on days with pollution. During high pollution days, the visual range can 

be reduced to below 40 miles (NPS 2019d) (Figure 2.2.2.8). 

 

Figure 2.2.2.8. Visibility on haziest and clearest days at the Salt River National Historic and Ecological 

Preserve during the period 2001ï2016 (NPS 2019d) 

Surface Hydrology 

There are no rivers or permanent streams in St. Croix. However, precipitation associated with 

tropical storms and hurricanes can be significant and last for several days. Over the period from 

August to December, very intense rains can fall within very short periods. During such episodes, 

water runoff can collect in streambeds and turn into strong temporary streams (Rogers et al. 2008). 

Stormwater runoff can cause considerable erosion which in turn can have profound effects on local 

marine sedimentation (Hubbard et al. 1981; KellerLynn 2011). The Salt River is not a perennial 

river, but it flows during certain periods of the year. The Salt River watershed (see Section 4.3.1) 

drains an area of approximately 1,360 ha (hectares). The Salt River flows into the Salt River Bay 
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traversing the southern lands of SARI. More detail on the hydrology of the Salt River basin is 

provided in Section 4.3. 

Ocean Currents 

A characteristic feature of the oceanography of the Caribbean Sea is the exchange of water with the 

Atlantic Ocean, which takes place through a number of passages between the islands and the shallow 

plateaus (Figure 2.2.2.9). 

 

Figure 2.2.2.9. Major oceanographic currents. Global circulation around the equator drives 

oceanographic currents in the Caribbean. Currents around the Island of St. Croix flow from east to west. 

Current directions after Hubbard (1989). Aerial imagery from ESRI Arc Image Service, USA Prime 

Imagery, compiled by Jason Kenworthy (NPS Geologic Resources Division). Image and caption from 

KellerLynn 2011). 

The major surface and near-surface exchange with the Caribbean occurs through the eastern 

passages. Surface flow is fed into de Caribbean by the Guinea2 and the Atlantic North Equatorial 

 
2 The Atlantic South Equatorial Current (SEC) flows westward toward the Brazilian shelf, and or splits at Cabo de 

Sao Roque, near 16°S with one branch, the stronger of the two, heading northwards as the North Brazil Current 

(NBC) and the other, weaker southwards branch, as the Brazil Current. The NBC flows north along the northeastern 

coast of South America, it reaches French Guiana, where part of it separates from the coast and turns to join the 

North Equatorial Counter Current moving eastward. The rest of the NBC continues flowing northwestward to form 

the Guiana Current. The Guiana (Guyana) Current has been previously referred to as the South Equatorial Current, 

the North Brazil Coastal Current, and the North Brazilian Current. The confusion surrounding its name is due partly 

to the seasonal change in flow of nearby currents (  

https://oceancurrents.rsmas.miami.edu/atlantic/atlantic.html
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Current (Watlington and Donoso 1996). The Caribbean Current flows at an average rate of 35 to 45 

cm (13 to 18 inches) per second in a westward direction and is modulated by the annual migration of 

the Intertropical Convergence Zone (ITCZ) (Donoso 1990). Upon flowing into the Gulf of Mexico, 

the current enters a clockwise loop, and ultimately moves out of the Gulf south of Florida (Keller 

Lynn 2011). Part of the Atlantic North Equatorial Current that has flowed on the eastern side of the 

Antilles as the Antilles Current merges with the with the Florida Current which issues from the Gulf 

through the Florida Straits to form the initial portion of the Gulf Stream system. 

In the vicinity of SARI, the speed of the longshore ocean current is 5 cm to 10 cm (2 in to 4 in) per 

second (Wust 1964; Donoso 1990; Kendall el al. 2005). These currents are not as intense as those in 

the central portions of the Caribbean or in the western side of St. Croix, where much stronger 

currents are observed. The SARI shoreline is divided in three sections, namely the northern, central 

and southern sections. The coastal current in the northern section is associated with the ocean current, 

whereas the central area is modulated mostly by wind-drive currents. The direction of the flow in the 

southern section is driven by the tides and runoff entering the bays from the neighboring land areas. 

In the area of the Salt River Canyon, flow rate down the canyon is 10 to 15 cm/s and during ebb tides 

it can reach 20 cm/s (Kendall et al. 2005). 

Marine Communities 

Marine Plants 

Seagrass 

A mostly continuous seagrass meadow covers the mouth of Salt River Bay from south of Columbus 

Landing into East Cove with patchy (less dense) seagrass extending out to the fringing coral reefs 

and a smaller meadow adjacent to the beach at the end of the central peninsula. Thalassia testudinum, 

Syringodium filiform and Halodule wrightii (to a lesser extent) constitute these meadows while the 

more depth tolerant Halophila decipiens is found seasonally on the canyon floor (Kendall et al. 

2005). A more detailed assessment of the condition of seagrass is presented in Section 4.5.1. 

Macroalgae 

Macroalgae is found in shallow areas within Sugar Bay, the outlet for the Salt River, along the 

eastern coast of Triton Bay and Salt River Bay, as well as in coral reef and hardbottom habitats in 

SARI. Ground truthing of benthic habitats for mapping in 2000 revealed muddy bottom in water 

deeper than 2 m, and patchy macroalgae in areas shallower than 2 m (Kendall et al. 2005). 

Correspondingly, calcareous macroalgae are the primary contributors to the sediments found in 

shallow areas in the northern parts of the bay. Extent of macroalgae in Salt River Bay as mapped 

from 2000 aerial photography is shown in Figure 2.2.2.10 and the area (ha) in three cover classes 

(patchy and continuous) is shown in Table 2.2.2.2. 

Within Salt River Canyon rhizophytic algae can be found in depths up to 100 ft (30.5 m) (Kesling 

1990). After Hurricane Hugo caused damage to corals and sponges along the walls of Salt River 

Canyon, video monitoring observed ~5% of the dead coral was covered with macroalgae and 70ï

80% was covered with turf algae (Nemeth et al. 2003). One study found that macroalgae may be 

responsible for a large percentage of the total primary production of the reefs (Rogers and Salesky 

1981). 
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Figure 2.2.2.10. Macroalgae cover classification within SARI as derived from 2000 aerial imagery 

(Kendall et al. 2005). Percent cover is depicted in three cover classes.  
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Table 2.2.2.2. Number of polygons and total area (ha) by cover class of macroalgae in 2000 in Salt River 

Bay (Kendall et al. 2005, Table 2.2). 

Cover Class # of polygons Area (ha) 

10ï49.9% 15 10.9 

50ï89.9% 6 0.4 

90ï100% 2 0.8 

 

Microalgae 

The dinoflagellate primarily responsible for bioluminescence (Figure 2.2.2.11) in Salt River Bay is 

Pyrodinium bahamense var. bahamense supported by the shallow water, mangrove-lined habitat 

(Zimberlin 2013). Mangrove Lagoon in the southern Bay (locally referred to as Bio Bay) has a small 

inlet and is considered a biobay because of the regular bioluminescence. As an important draw for 

ecotourism groups, continued monitoring of abiotic (e.g., dissolved oxygen, temperature) and biotic 

(e.g., phytoplankton biomass) factors and environmental assessments are recommended as nearby 

development continues. 

 

Figure 2.2.2.11. Bioluminescence created by dinoflagellates nearshore, Photo credit: iStock 
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Marine Invertebrates 

Corals 

On the outer portions of SARI, near and within the canyon, stony corals (Order Scleractinia) are the 

most important habitat forming species, supporting the highest diversity of plants and animals. 

Hardbottoms and coral reefs cover approximately half of the benthic habitat of Salt River. These 

reefs support about 30 species of stony corals including the US Endangered Species Act listed 

species: elkhorn coral (Acropora palmata), staghorn coral (Acropora cervicornis), pillar coral 

(Dendrogyra cylindrus), rough cactus coral (Mycetophyllia ferox), lobed star coral (Orbicella 

annularis), mountainous star coral (Orbicella faveolata), and boulder star coral (Orbicella franksi). 

These communities have suffered from bleaching events, but many species present are more resistant 

to bleaching related mortality. The deeper canyon walls support mesophotic corals reefs (30 m depth) 

composed almost predominantly of lettuce corals (Agaricia lamarcki and Agaricia grahamae). These 

communities extend to about 65 m, where they transition to black corals (antipatharia), octocorals, 

and sponges. Mesophotic communities have been impacted by thermal stress and bleaching, but have 

shown a relatively higher degree of recovery (see Section 4.6.1). Section 4.6.1 presents a map of 

marine habitats and monitoring sites for coral reefs of SARI. 

Long spine urchins 

The long spined sea urchin (Diadema antillarum) was one of the most important grazing herbivores 

in SARI due to its ability to intensively overgraze reef surfaces keeping them free of coral competing 

species, such as macroalgae, and promoting coral recruitment (Edmunds and Carpenter 2001). The 

urchins were decimated by a Caribbean-wide epizootic of unknown cause in the early 1980s (Lessios 

1988). Typical abundances on shallow coral reefs prior to the die-off were greater than 100 urchins 

per 100 m2. Between 2002 to 2017, abundance of urchins was always less than one urchin per 100 m2 

at both a deep and shallow monitoring site, with 87% of sampling periods recording no urchins. 

Figure 2.2.2.12 presents the density of long-spined sea urchins in SARI. There appeared no trend of 

increase compared to historical abundances. Descriptions of the long-term sites are provided in 

Section 4.6.1. Note that deep and shallow sites were always sampled on the same day, so data points 

overlap at zero urchins. The deep site was not sampled until 2009. 



 

28 

 

Figure 2.2.2.12. Density of the long-spined sea urchin (Diadema antillarum) at coral reef monitoring sites 

in SARI from USVI Territorial Coral Reef Coral Monitoring Program (Ennis et al. 2019). 

Queen conch and spiny lobster 

Caribbean spiny lobster (Panulirus argus) and queen conch (Lobatus gigas) have historically been 

important fisheries species in the USVI. Fish and shellfish population declines in the 1960sï1970s 

prompted fishing regulations to be signed into law in 1972 (Virgin Islands Code). Several 

amendments in the following years established further restrictions on lobster and queen conch, such 

as minimum size requirements and seasonal closures. Additionally, in 1995 terrestrial and marine 

organisms became protected within park boundaries. The Salt River Bay National Historic Park and 

Ecological Preserve provides a unique semi-enclosed protected habitat due to the presence of the 

nearshore submarine canyon. Although there have been no studies within the boundaries of the SARI 

that focus on lobster populations (Richter et al. 2018), the biennial National Coral Reef Monitoring 

Program (NCRMP) found lobster densities to be very low over several sampling periods (2012ï

2017; Richter et al. 2018), with only a single lobster being recorded during the 2017 sampling. Figure 

2.2.2.13 depicts lobster and conch densities from the 2017 surveys. 
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Figure 2.2.2.13. Lobster (top) and queen conch (bottom) densities (#/ha) calculated from the most 

recently completed National Coral Reef Monitoring Program (NCRMP) sampling (2017). Boundaries of 

Buck Island Reef National Monument (BUIS) in red and SARI in orange. 

Early studies of queen conch populations found those within the deeper water of the SARI to be more 

abundant than those in shallow water, and it was suggested that the dense deep water populations 

should be protected (Coulston et al. 1987). The NCRMP recorded no conch within the SARI in the 

most recent sampling period (2017); however, populations could be underestimated since the 

protocol only samples on hardbottom habitat. 

Marine Vertebrates 

Reef Fish 

Diverse fish assemblages are supported by the multiple habitats within SARI (NPS 2015). The 

majority of studies done on reef fish and their populations in the park have been conducted within 

Salt River Canyon (Figure 2.2.2.14) and along the canyon walls during saturation missions from 

NOAAôs Hydrolab between 1977 and 1985. In 2011, Dorfman & Battista performed a gap analysis 

of ecosystem data and found that SARI does not have regular fish surveys and the limited available 

data were provided by the UVI-CMES reef fish census. Kendall et al. (2005) compiled a list of nearly 
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200 reef fishes observed in SARI's coral reefs and pointed out the need to study the rest of the park's 

shallow reefs. From 2012 to 2019, several surveys have been conducted by National Park Service 

(NPS), National Oceanic Atmospheric Administration, and the University of Virgin Islands (UVI), 

referred to as National Coral Reef Monitoring Program (NPS-NCRMP-UVI). Analyses of the 

NCRMP dataset are discussed in Section 4.7.1 

 

Figure 2.2.2.14. Research diver descends the Salt River Canyon wall among schools of planktivorous 

fish (Photo credit: Sonora Meiling). 

Pelagic Fish 

Salt River Canyon extends beyond park boundaries providing access to pelagic fish. The variety of 

shallow and relatively protected habitats of SARI provide nursery habitat for some pelagic fish 

species (e.g., Figure 2.2.2.15) and is therefore recognized as an ecological link between the shallower 

habitats within SARI and open ocean habitats (Kendall et al. 2005). Pelagic fish (e.g., bar jack 

(Caranx ruber), horse-eye jack (Caranx latus), and cero (Scomberomorus regalis)) are often 

observed during reef fish surveys along the canyon walls. 
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Figure 2.2.2.15. Two species of pelagic fish caught near Salt River Bay on a commercial fishing charter, 

Left: Atlantic tarpon (Megalops atlanticus), Right: bonefish (Albula Vulpes), Photo credit: Captain Colt 

Cook, Captain Cook Charters, www.stcroixfishingadventures.com 

Sea Turtles 

Historically, sea turtles in the USVI have played an important role in the local culture (e.g., as food 

and inspiring art) and economy (e.g., through the sale of green turtle meat and hawksbill jewelry). 

Throughout the USVI, sea turtle populations have declined because of habitat loss, hunting to meet 

the demand of restaurants, and nest predation by non-native mongooses and dogs (Nellis and Small 

1983). The USVI prohibited the take of hawksbill (Eretmochelys imbricata) and leatherback 

(Dermochelys coriacea) turtles in 1972 prior to the 1973 U.S. Endangered Species Act that added 

protection for green turtles (Chelonia mydas) (Platenberg and Boulon 2006). SARI offers diverse 

habitat for sea turtles (Figure 2.2.2.16 and 2.2.2.17), however, no targeted research has been 

conducted on sea turtles in SARI. The Territory does not conduct nesting beach surveys at Columbus 

Landing, which is the only beach that might support sea turtle nesting (C. Pollock 2021, personal 

communication). 

REEF (2018) catalogs fish surveys conducted by both novice and expert observers on SCUBA. From 

92 surveys conducted between May 1996 and February 2017, 10 turtle sightings were recorded 

(Table 2.2.2.3). One hawksbill turtle (Eretmochelys imbricata) was sighted in each of the three 

surveys conducted on the West Wall of Salt River Canyon. Observers reported sighting a hawksbill 

in four surveys and a green turtle (Chelonia mydas) in each of three surveys of the East Wall of Salt 

River Canyon. 
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Figure 2.2.2.16. Hawksbill turtle as seen in Great Lameshur Bay, St. John. Photo credit: Caroline Rogers, 

NPS. 
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Figure 2.2.2.17. Green turtle as seen in Leinster Bay, St. John. Photo credit: Caroline Rogers, NPS. 

Table 2.2.2.3. Turtle sighting locations, data, and species. Zones names are retained from data provided 

by REEF (2018). 

Zone Latitude Longitude Date Species 

Salt River (Inner East Wall) 17 47.162 ī64 45.469 6/26/2005 Hawksbill 

Russô Rock/Salt River Canyon East Wall 17 47.09 ī64 45.26 8/16/2007 Hawksbill 

Russô Rock/Salt River Canyon East Wall 17 47.09 ī64 45.26 10/22/2007 Hawksbill 

Salt River (Inner West Wall) 17 47.024 ī64 45.480 2/26/2009 Hawksbill 

Salt River (Inner East Wall) 17 47.162 ī64 45.469 2/9/2010 Green 

Shooters (West Wall) 17 47.114 ī64 45.605 10/14/2010 Hawksbill 

Shooters (West Wall) 17 47.114 ī64 45.605 2/5/2012 Hawksbill 

Salt River (Inner East Wall) 17 47.162 ī64 45.469 6/16/2012 Green 

Salt River (Inner East Wall) 17 47.162 ī64 45.469 2/11/2014 Hawksbill 

Salt River (Inner East Wall) 17 47.162 ī64 45.469 2/6/2016 Green 

 

Sharks and Rays 

The connection to deep water habitat through Salt River Canyon and the high biomass of fish along 

the reefs often attract large marine fauna such as sharks and rays (Figure 2.2.2.18). Dive shops often 



 

34 

promote the likelihood of seeing hammerheads, blacktip sharks and eagle rays to their potential 

customers, and sharks and rays are often recorded during fish surveys conducted by novice and 

expert personnel (REEF 2018). During 92 surveys completed from 1996 to 2016, observers recorded 

18 requiem sharks (n = 16 Caribbean reef shark, Carcharhinus perezi, n = 2 blacktip sharks, 

Charcharhinus limbatus) and 24 southern stingrays (Dasyatis americana). No targeted research has 

been done on sharks and rays in SARI. 

 

 

Figure 2.2.2.18. (Top) Blacktip shark in front of a Caribbean reef shark visits Salt River Canyon, photo 

credit: http://www.gotostcroix.com/st-croix-blog/dive-the-salt-river-canyon-sites/ (Bottom) A Caribbean 

reef shark patrolling reefs in SARI (photo credit, Tessa Code/NPS) 

Marine mammals 

Both dolphins and whales have been spotted along the north shore of St. Croix. One manatee and 

calf, likely displaced by Hurricanes Irma and Maria, were observed in late 2017 and early 2018 (C. 
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Pollock 2021, personal communication). No targeted research has been done on marine mammals 

within SARI. 

Terrestrial Communities 

Terrestrial communities occupy 166 ha and range from mangroves and mudflats at the waterôs edge 

to semi-deciduous dry forests at the parkôs highest elevation, 83 meters above sea level (Moser et al. 

2011). There is a long history of human occupation of the Salt River Bay area, stretching at least 

1600 years with evidence of prehistoric habitation by Igneri, Taino, and Carib peoples (Island 

Resources Foundation 1993). Extensive land clearing for agriculture, specifically sugar cane and 

cotton commenced in the 1730s, leading to the cultivation of all flat land on the island of St. Croix 

(Lewisohn 1970). The impacts of this history on the terrestrial landscape include the presence of 

secondary forests and numerous non-native plant and animal species. Guinea grass, Urochloa 

maxima, and tan-tan, Leucaena leucocephala, are the most problematic non-native plant species, 

found extensively throughout the park. Today, the largest percentage of the terrestrial land area is 

covered by semi-deciduous dry forest (~45%), followed by mangrove habitats accounting for another 

11%, and coastal grassland covering 10% (Figure 2.2.2.19) (Moser et al. 2011). The following 

sections describe in detail the dominant terrestrial plant community types found in the park, as well 

as the terrestrial flora and fauna (birds, herpetiles, mammals, and invertebrates). 

Terrestrial Plants 

A minimum of 165 species in 57 families have been documented in SARI as part of several surveys 

and inventories conducted over the span of several decades (Kendall et al. 2005; Moser et al. 2011; 

NPS 2017b) (Appendix A). However, a complete floristic inventory has not been conducted within 

SARI and the actual plant diversity is likely much higher. For comparison, nearby Buck Island has 

~250 species documented in an area encompassing 71 ha. Several locally threatened and endangered 

species occur in SARI, including an agave, Agave eggersiana; three species of tree, 1) lignum vitae, 

Guacium officinale, stingingbush, Malpighia infestissima, and cow-itch, Malpighia woodburyana; 

the wooly nipple cactus, Mammilaria nivosa; and two orchids, Epidendrum ciliare and Psychilis 

bifidum (Kendall et al. 2005). Found only on St. Croix, A. eggersiana was designated as federally 

endangered under the U.S. Endangered Species Act in 2014. Several A. eggersiana individuals were 

planted at the SARI Visitor Center in 2008 as part of a native restoration program. After these plants 

matured, they were out-planted to the east side of SARI on Hemmerôs Peninsula. Unfortunately, the 

majority of planted individuals have not survived and it is suspected that the agave snout weevil, 

Scyphophorus acupunctatus, is responsible for the die off (K. Ewen 2021, personal communication). 

Control of invasive plant species began in 2009 as a collaboration between the South Florida 

Caribbean Network (SFCN), the Florida and Caribbean Exotic Plant Management Team (FLC-

EPMT), and SARI resource management staff (Moser et al. 2011). The targeted species included 

those covering large areas within the parkðguinea grass, tan-tan, and Madagascar rubber vine, 

Cryptostegia madagascariensisðas well as ginger Thomas, Tecoma stans, Spanish bayonet, Yucca 

alofolia, seaside mahoe, Thepesia populnea, beach naupaka, Scaevola sericea, and coconut palm, 

Cocos nucifera. In 2012 and 2014, the aforementioned invasive exotic species were treated using a 

combination of mechanical and herbicide treatments across ~70 acres of semi-deciduous forest, 
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woodland, shrubland, and coastal grassland (NPS 2013; NPS 2014). Reintroduction of native 

hardwood species in coastal shrubland commenced in 2012 (NPS 2012; NPS 2015). 

 

Figure 2.2.2.19. Land cover classification of major vegetation types mapped in Salt River Bay National 

Historic Park and Ecological Reserve. Classes aggregated from Moser et al. (2011). Bat sightings from 

Fly By Night, Inc. (2017). 

Mangroves 

Mangrove communities within the park include 18 ha of forests, woodlands, and shrublands located 

along the Salt River Bay and are comprised of three species of mangrove: black, Avicennia 

germinans, red, Rhizophora mangle, and white mangrove, Laguncularia racemosa (Figure 2.2.2.19) 

(Moser et al. 2011). This constitutes the largest area of mangroves remaining in the Territory (USVI 

DPNR 1992). Prior to colonization by Europeans, the bay was likely fringed with mangroves along is 

entirety (Gerhard and Bowman 1975). The island of St. Croix has lost over 50% of its original 
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mangrove cover; making the remaining mangroves in Salt River Bay a vital resource (Island 

Resources Foundation 1993). Impact from Hurricane Hugo in 1989, greatly damaged the mangroves, 

especially in Sugar Bay (Island Resources Foundation 1993). However, limited recovery of the forest 

was observable by 1992 and red mangrove propagules planted as part of a restoration project that 

began in 1999 saw an estimated 80% survival rate (Kendall et al. 2005). Changes in the extent of 

mangrove forest in SARI are discussed in Section 4.4.1. Mangrove ecosystems in SARI provide 

nesting habitat for up to 26 of the 44 bird species known to breed on the island (Sladen 1988) and 

mangrove forest of Sugar Bay provides critical habitat for Nearctic-Neotropical migrant parulids, 

both during migration and over-wintering periods (Wauer and Sladen 1992; Yntema et al. 2017). 

Semi-deciduous Dry Forest 

Semi-deciduous dry forests cover 75 ha of the park, accounting for just under half of terrestrial area 

of SARI and occur primarily at interior, landward locations (Figure 2.2.2.19) (Moser et al. 2011). 

The three Virgin Islands sub-formations of this forest type mapped on SARI by Moser et al. (2011) 

include: 1) gallery semi-deciduous forest, 2) semi-deciduous forest, and 3) semi-evergreen forest. As 

they fall hierarchically under the Lowland tropical/subtropical semi-deciduous forest of the U.S. 

Virgin Islands community classification (Gibney et al. 2000), we consider these three communities as 

constituting the semi-deciduous dry forest habitat type here. The semi-deciduous forest sub-

formation (2) accounts for more than 80% of that described habitat. Pigeon berry, Bourreria 

succulent, and white stopper, Eugenia monticola are the dominant tree species found within semi-

deciduous forest in SARI (NPS 2017a). Gallery semi-deciduous forest is restricted to riparian 

corridors, including guts and intermittent streams. In SARI, this sub-formation is dominated by the 

non-native genip tree, Melicoccus bijugatus (NPS 2017a). The semi-evergreen forest sub-formation 

in SARI is found in one location on a northwest-facing slope, and is community is typified by 

comparatively greater number of evergreen species. See Section 4.4.2 for a discussion of the 

condition of SARIôs dry forest habitat. 

Coastal Grasslands 

Coastal grasslands are found in the northeast and northwestern coastal regions of the park and cover 

16.7 ha (Moser et al. 2011). We included two Virgin Islands sub-formations as constituting this 

community type: coastal grassland and the mixed dry grassland. The coastal grassland sub-formation 

includes grasses adapted to conditions of high wind, salt spray, and low moisture (Gibney et al. 

2000). In SARI, this habitat type consists entirely the Urochloa-maxima coastal grassland alliance 

and is found both in the northeastern and northwestern portions of the park. Mixed dry grasslands are 

dominated by grass species, but have greater than 25% shrub, tree and/or herbaceous species 

associated with selective grazing (Gibney et al. 2000). Within this sub-formation, Urochloa maxima-

Cryptostegia madagascariensis association is most prevalent within SARI, and it is dominated by the 

aforementioned non-native invasive grass and shrub, respectively. As coastal grasslands as a general 

category in the park are overwhelmingly dominated by non-native invasive species, management 

action to eradicate U. maxima and C. madagascariensis and restore native woody species to the 

mixed grassland was initiated in 2009 (Moser et al. 2011). See Section 4.4.3 for a discussion of 

condition of the coastal grasslands in SARI. 
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Terrestrial Vertebrates and Invertebrates 

Terrestrial vertebrate species include ~80 birds, four bats, eight non-native mammals, six 

amphibians, and 12 reptiles. Species lists of terrestrial vertebrates are included as tables within the 

text or appendices. Invertebrates are numerous, but a species list has not been created. 

Birds 

While a comprehensive species list of avian fauna is not yet available for SARI, we compiled data 

from online sources and published literature to arrive at a tentative total of 82 bird species 

documented as occurring within the park (Wauer and Sladen 1992; McNair et al. 2005; McNair 

2008; McNair et al. 2008; ebird 2017; Yntema et al. 2017) (Appendix B). This constitutes 

approximately 40% of the total number of species recorded for the entire island of St. Croix. 

Included in this list are seabirds, shorebirds, marshbirds, waterfowl, landbirds and near-arctic 

migrants. Meanwhile, 135 species have been recorded during the 35 years (1972ï2016) of the annual 

Audubon Christmas Bird Count (CBC) on western side of the island of St. Croix (circle VISC; 

National Audubon Society 2010). As SARI is included within the VISC CBC 7.5 mile radius circle, 

the above total of 82 is likely an under-estimate. 

Over a dozen of the species that spend some part of the year within SARI are considered USVI 

territorially endangered, threatened, or of special concern (Watson 2003; Platenberg et al. 2005). The 

Caribbean brown pelican, Pelecanus occidntalis occidentalis, federally de-listed in 2009, does not 

nest, but actively forages within the park (Watson 2003). Important bird habitats within SARI 

include a heron rookery in the red mangroves adjacent to the marina, a tern nesting beach on the 

northeast side of the park, two freshwater ponds, beaches, mud flats, and intertidal foraging habitats 

(Kendall et al. 2005). Least terns nest on SARI Spit, an area on the northeast side of the park 

composed of rock, coral rubble and dredge spoils (Kendall et al. 2005). Twenty-five nests with 25 

brooding pairs were observed in June 2013 (data provided by Zandy Hillis-Starr). Avian inventories, 

while not comprehensive, have been conducted over the past several decades throughout the park. Of 

particular note are the inventories of Wauer and Sladen (1992), who conducted 12 surveys from 

1986ï1987 within the Sugar Bay mangrove forest and documented 35 species. A re-survey of the 

mangrove forest area in the early 2000s to assess the impact and recovery from Hurricane Hugo 

(1989) on bird populations found declines in the number of individuals and species of Nearctic-

Neotropical migrants and in increase in number and species of waterbirds (McNair 2008). The results 

of this work highlighted the importance of changing habitat structure, with Neotropical-Nearctic 

migrants requiring mature forest compared to open mudflat habitats preferred by many waterbirds. 

Results of analysis of three decades of avian survey data from the entire island of St. Croix suggest 

an increase in confirmed nest and occurrence records for some species of birds, which the authors 

related to greater amounts of precipitation received during the 2000s (Yntema et al. 2017). 

Herpetofauna 

Twelve reptiles and six amphibians have been documented on St. Croix (Table 2.2.2.4). To our 

knowledge, herpetofaunal inventories have not been conducted specifically within SARI. However, it 

is likely that many of the species present in St. Croix occur within the park. Endemic species to St. 

Croix include the St. Croix racer, Alsophis sanctaecrucis, presumed extinct (Philobosian and Yntema 

1977), the St. Croix anole, Anolis acutus, the St. Croix dwarf gecko, Sphaerodactylus beattyi, and the 
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St. Croix ground lizard, Pholidoscelis polops, now restricted to 4 cays surrounding the island of St. 

Croix (Platenberg and Boulon 2006). 

Table 2.2.2.4. Amphibians and reptiles occurring on the island of St. Croix (Platenberg and Boulon 2006). 

Category Scientific Name Common Name Status 

AMPHIBIANS 

Eleutherodactylus antillensis Antillean coqui native 

Eleutherodactylus coqui common coqui introduced 

Eleutherodactylus lentus mute coqui native 

Leptodactylus albilabris Caribbean white-lipped frog native 

Osteopilus septentrionalis Cuban treefrog invasive 

Rhinella marina cane toad invasive 

REPTILES 

Amphisbaena fenestrata Virgin Islands worm lizard native 

Anolis acutus St. Croix anole endemic 

Antillotyphlops richardi Richard's blind snake native 

Borikenophis sanctaecrucis St. Croix racer presumed extinct 

Chelonoidis carbonarius red-footed tortoise introduced 

Hemidactylus mabouia 
Afro-American house 

gecko 
introduced 

Iguana common green iguana introduced 

Pholidoscelis exsul Puerto Rican ground lizard introduced 

Pholidoscelis polops St. Croix ground lizard 
endangered, 

restricted to cays 

Sphaerodactylus beattyi St. Croix dwarf gecko endemic 

Sphaerodactylus macrolepis common dwarf gecko native 

Thecadactylus rapicauda fat-tailed gecko likely introduced 

 

Terrestrial Invertebrates 

A complete inventory of invertebrate fauna has not been conducted to date within the park and a 

species list is not available. In general, the invertebrate fauna of the entirety of the USVI remain 

poorly inventoried (Platenberg et al. 2005). Two endemic butterfly species occur within the SARI: 

the Cassius Blue, Leptotes cassius catalina, and the Polydamas Swallowtail, Battus polydamas 

thyamus (NPS 1990). Important invertebrates include the land crab, Cardisoma guanhumi,which are 

a locally harvested species, ghost crab, Ocypode spp., fiddler crab, Uca pugnax rapax, and rock crab, 

Graspus sp. and soldier crab, Coenobita clypeatus (NPS 1990). 

Mammals 

Non-native mammals are numerous on the island (Table 2.2.2.5), with several of these species 

having negative impacts on the natural resources (Patterson et al. 2008). Mongoose and tree rats have 

negative impacts on native flora and fauna throughout the Caribbean. Grazing animals, including 

goats, sheep, and horses, have direct impacts on flora which can result in soil erosion and ultimately 

sedimentation into the bay. Native mammals include three species of frugivorous bats and the fishing 
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bat, Noctilo leporinus, all documented during Anabat surveys in July 2007 along the east side of Salt 

River Bay (Fly By Night. Inc. 2017) (Figure 2.2.2.19). 

Table 2.2.2.5. Mammal species occurring inside or adjacent to SARI (Patterson et al. 2008; Fly By Night, 

Inc. 2017). 

Scientific Name Common Name(s) Status 

Brachyphylla cavernarum Antillean fruit-eating bat Native 

Molossus Pallas' free-tailed bat, Pallas's mastiff bat Native 

Noctilio leporinus Greater bulldog bat Native 

Tadarida brasiliensis LeConteôs free-tailed bat Native 

Canis familiaris feral dog Non-native 

Felis catus feral cat Non-native 

Herpestes javanicus Indian mongoose, Javan mongoose, small Asian mongoose Non-native 

Mus musculus house mouse Non-native 

Odocoileus virginianus white-tailed deer Non-native 

Rattus norvegicus Norway rat Non-native 

Rattus black rat Non-native 

Sus scrofa feral hog Non-native 

 

Other Resources 

Sound scape 

Noise levels in the park have increased as a result of development both within the park boundary, 

nearby commercial activity, boats, and generators (NPS 2015). Acoustical monitoring is needed to 

quantify the impact both underwater and on land. 

View scape 

Scenic views extend across the bay out to the Caribbean Sea and can be observed from either side of 

the entrance to the Salt River Bay, as well as from the visitor station on the western side of the 

watershed. Both historical and ecological aspects are conveyed within the maritime viewshed, which 

fortunately, remains largely intact and unobstructed (NPS 2015). On a clear day, Puerto Rico is 

visible, 90 miles away. In contrast, the viewshed from the bay landward has been negatively 

impacted by private development in inholdings and outside of the park boundary. Night skies are an 

important resource within the park, providing a place to experience nighttime scenery and starry 

skies away from light pollution (NPS 2015). Ongoing and future development, which includes the 

building of private homes, impacts the viewshed and creates light pollution impinging on night skies 

and the Biobay experience. Airborne pollution from regional and global sources decrease visibility. 

Strengthening and enforcing existing regulations and zoning within the legislative boundary is 

needed. Data needs include a visual resource inventory, viewshed analysis, and night sky inventory 

(NPS 2015). 
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2.2.3. Resource Issues Overview 

Resource condition threats or stressors identified as being ñof concernò in terms of potential risk or 

harm to important park resources are explored in more detail in Chapter 4. Some have already been 

mentioned in Section 2.2 of this chapter. This section provides a brief introduction to other threats 

and stressors that are impacting or could potentially compromise the adequate condition of SARIôs 

resources. 

Human Interactions 

The Foundation Document (NPS 2015) of the Salt River Bay National Historical Park and Ecological 

Preserve (SARI) in St. Croix, U.S. Virgin Islands states that SARI "preserves, protects, studies, and 

interprets internationally significant historical and cultural sites that encompass more than 2,000 

years and human use of the diverse tropical, marine, and terrestrial ecosystems that comprise the Salt 

River watershedò. Consequently, it is indisputable that human interactions occur and will continue to 

occur in the premises and vicinity of the park. SARI provides a number of valued resources and 

services to visitors. As per the SARI Conceptual Model (Patterson et al. 2008; NPS 2018b), coral 

reefs are a resources of particular aesthetic value which in turn provide a highly productive habitat 

for fish and invertebrates. Equally productive are mangroves and seagrass beds, which in turn 

provide shoreline protection. Existing wildlife, in particular unique and rare marine and terrestrial 

species provide both recreational and educational opportunities for visitors, a services that are 

fundamental for the wellbeing of people and intellectual advancement of society. In addition, SARI 

provides a habitat for ñnesting colonies of least terns and little blue herons, and also functions as an 

important migratory bird stopoverò (NPS 2018b). Finally, the park provides a service as an area 

where numerous recreational and education activities take place, both inland and in the water, 

namely fishing, diving (Figure 2.2.3.1), snorkeling along reefs, boating, swimming, archeological site 

seeing, hiking, and scenic sites viewing (NPS 2018b). 

In addition, over the years, Salt River Bay provides safe harbor/anchorage for vessels during tropical 

storm and hurricane events. In this context, SARI plays an important role in local disaster 

preparedness and management. As the frequency and strength of tropical storms are likely to increase 

in the future (USVI HRRT 2018), the use of Salt River Bay as a hurricane hole remains an important 

and direct link between the boating community and the park (NPS 2018b). 
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Figure 2.2.3.1. Diving in the Salt River Bay National Historical Park and Ecological Preserve (SARI) in St. 

Croix, U.S. Virgin Islands. (Photo property of NPS, https://www.nps.gov/articles/images/sari-reef-

nocover.jpg) 

Boat traffic and grounding 

There are two ways to get to the park, either by vessel or by land. Boats visiting the park or passing 

near its boundaries can negatively impact natural habitats in many ways, such as oil or other 

discharges, spills, pumping of bilge water, release or sloughing of toxic material contained in bottom 

paint. (NPS 2018b). Another way of potentially harming coral reefs and seagrass beds are by 

groundings, anchoring, inappropriate use of anchors, or by propeller or hull damage. During the past 

three decades, there have been vessel groundings around St. Croix due to poor navigation and loss of 

engine power, but also related to illegal smuggling. In 2015, there were more than 30 abandoned and 
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derelict boats in the bay left from hurricanes, some of these leaking fuels/hydrocarbons and solid 

waste trash throughout the bay (NPS 2018b). Following Hurricane Maria (2017), the number of 

derelict vessels in Salt River Bay rose by at least 30, many of which were targeted for removal 

(National Parks Traveler 2017). There are additional safety concerns related to anchoring at offshore 

moorings. An anchoring permit provided by the St. Croix Diving Association is required for all 

vessels, and anchoring is only allowed in a designated area at East and West Wall (NPS 2019a). 

Diver-down flag must be displayed while divers are in the water. No anchoring on coral areas is 

permitted. While boating in the parkôs waters, boaters must observe the Virgin Islands territorial 

rules and regulations regarding the taking of game and fish. No collecting of natural or cultural 

resources including coral or artifacts (NPS 2019a). 

Debris, plastics, and microplastics 

Debris resulting from human use of the park may stress some park resources, in particular in the 

marine environment. Marine debris consists mostly of floating manmade debris, remnants of fishing 

nets, abandoned or lost fishing buoys, and abandoned fish traps. Fishing lines, nets, rope, and other 

type trash can wrap around animals and cause drowning, infection, or amputation. Ingestion of 

marine debris by aquatic fauna can cause deformities, serious sicknesses, and even death. In addition, 

debris flows into Salt River Bay as a result of stormwater runoff from roads and driveways. In-land 

and marine debris can settle on hard bottom areas and kill coral colonies (Waddell 2005). 

One kind of debris that is rapidly increasing in tonnage in the ocean is plastics of all kinds. The total 

global production of plastics grew nearly 200 times in the last half century, from about 1.5 million 

tons in 1950 to 280 million tons in 2012 (Rochman et al. 2013). The degradation processes of plastic 

materials is very slow; therefore, plastics can become a major environmental hazard to the marine 

environment. Except for the tiny fraction that has been incinerated, all plastics ever manufactured are 

still on the planet (Jambeck et al. 2015). Plastic entanglement and ingestion by marine mammals, 

fish, birds, and reptiles that result in injury and even death are frequently reported (Derraik 2002; 

Lozano and Mouat 2009). 

Small plastic pieces less than five millimeters long, known as microplastics, are a type of debris of 

most emerging concern in marine environments. These are small enough to be ingested by a vast 

group of marine organisms. Furthermore, microplastics can adsorb and transport a variety of toxins 

because they have relatively large surface areas which are hydrophobic. In a study done in 2013, 

Whitmire and his co-investigators studied the occurrence and distribution of microplastics in the 

southeastern coastal region of the United States. They analyzed sand samples collected from various 

coastal sites from eighteen units within NPS Southeastern Region. Microplastics were isolated using 

density separation and counts of microplastic particles were compared among sites. In addition, they 

developed a predictive model to understand the drift of plastics via ocean currents. 

One of the sampling sites in this study was located at the Western shoreline of the Buck Island Reef 

National Monument (BUIS), located less than 10 miles (15 kilometers) east of SARI. A total of 10 

sand samples were collected from the site between July and October 2013. The analysis of the 

samples yielded an average of 102 microplastic pieces in 1 kg (2.2 lbs.) of sand. The percentage of 

microplastic items as pieces was 39.2% and that as fibers was 60.8%. The average length of the 
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microplastic fibers was 2.65 cm (1.04 inches). The yield of microplastics was relatively low on 

BUIS, and considering that there is very little development in the area immediately surrounding the 

site and no large river nearby to transport wastewater to it, the microplastics found must have been 

transported via ocean currents or come from plastic debris being disintegrated near the site (Whitmire 

et al. 2016). Given the proximity of SARI to BUIS, the findings of the study suggest that 

microplastics are likely also to be present at SARI. In fact, it is likely that the anticipated yield of 

microplastics is greater at SARI given the considerable development in the area adjacent to 

Christiansted Harbor combined with the westward flow of ocean currents. 

Poaching and Looting 

SARIôs law enforcement duties include ensuring the protection of the parkôs resources, both natural 

and cultural, as well as providing for visitor safety. Park rangers are tasked with enforcement of all 

park rules and regulations, which includes the ñno-takeò policy, beach closings for sensitive speciesô 

nesting seasons, no wake zones, the ñpack-it-in/pack-it-outò policy, anchoring and mooring area, 

among other. In addition, park rangers are to work to prevent poaching of natural resources or looting 

of historical sites, and address any such cases inland in in the sea. Due to staffing limitations and 

funding constraints, law enforcement presence is not provided on a full -time basis. Also, mixed 

jurisdiction and private in-holdings can hamper proper patrolling of natural and cultural resource 

sites within SARI, or obstruct the enforcement of existing regulations (C. Pollock 2021, personal 

communication). Consequently, poaching episodes occur within the various parks in the Virgin 

Islands. Conversations with park rangers during the scoping visits for the development of this report 

yielded information attesting that there have been looting and poaching incidents reported. 

Information on poaching or looting episodes, in particular prior to the passage of hurricanes Maria 

and Irma, is not available in written format. No statistics could be found on the extent of poaching or 

looting in the park. Data on enforcement are needed. Invertebrates, such as conch and lobster have 

suffered from poaching. It is common knowledge that poaching of turtles and of turtle bird eggs 

occurs at certain level. Corals are also attractive to poachers. Looting of archeological sites, which 

has been documented within the park boundary, is an important threat to the parkôs resources (NPS 

2015). 

Land Use Changes 

There have been several studies on the land cover of the Salt River watershed and SARI (USVI 2001; 

Kendall et al. 2005; Moser et al. 2011). However, it is difficult to assess the changes in land use by 

comparing the various data sets used in these studies, since the classifications used vary in each. 

Section 4.3.1 of this report analyzes the change in land use/cover of the Salt River watershed, 

including SARI, over the period 2002ï2012. Maps presented in Chapter 4 were developed through 

the automated classification of high resolution National Agriculture Imagery Program (NAIP) 

imagery, available Lidar digital elevation data, and assorted ancillary information (NOAA 2002, 

2007, 2012). During the period 2002 to 2012, the analysis of the data used to produce these two maps 

show that estuarine forested wetlands experienced the highest increase in spatial coverage with an 

addition of 6.7 ha over this period, followed by deciduous forests that had a coverage increase of 2.1 

ha (see Section 4.3.1). Overall, during the ten year period, wetlands and deciduous forest coverage 

increased by 9.3 ha. Using the Brown and Vivas methodology (2005), the value of the land 
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development intensity (LDI) index was calculated to be 1.52 for the period 2002ï2012 (Donoso 

2020). See Section 4.3.1 for more details. 

Hurricanes and Tropical Storms 

Because of a warming global atmosphere, and increasingly prolonged warming phases of sea-surface 

waters, there is a possibility of higher frequency of strong tropical storm events in the western 

Atlantic and Caribbean basins (Bengtsson et al. 2007). A recent study indicates that while there is a 

trend of increasing frequency of tropical storm activity in the Atlantic basin since the 1980s, long-

term projections are not possible, because of the Atlantic Multidecadal Variability or Oscillation 

(AMV or AMO) (Murakami et al. 2020). In fact, including track records since the early 1900s an 

increase in overall number of tropical storms is not supported, but rather fewer tropical storms were 

registered for the Atlantic Basin, with the number of category 4 and 5 storms slightly increasing or 

not significantly changing (Bengtsson et al. 2007; Yoshida et al. 2017). Reliable long-term 

projections of frequency and strength of hurricane trends is not possible at this point in time 

(Murakami et al. 2020). 

The potential of fewer but stronger storms will increase the probability of destructive storm surges 

and wave activity, which in combination with heavy precipitation could further erode the beaches of 

Salt River. Hurricane frequency by category shows that between 1900 and 2018, 36 tropical storms 

came within 50 nmi (nautical miles) of SARI, 16 of these storms did not reach hurricane strength and 

6, 7, 4, and 3, storms reached hurricane categories 1, 2, 4, and 5, respectively, while they were 

located within 50 nmi of Salt River (Landsea and Franklin 2013) (Table 2.2.3.1, Figure 2.2.3.2). 

Table 2.2.3.1. Tropical storm and hurricane frequency by decade. Storm categories were are determined 

by maximum strength gained within 50 nmi of SARI. TS = Tropical Storm, H1 = Hurricane Category 1, H2 

= Category 2, H3 = Category 3, H4 = Category 4, H5 = Category 5. Data source: Best Track Data 

(HURDAT2) provided by NOAA https://www.nhc.noaa.gov/data/ (Landsea and Franklin 2013). 

Decade 

Storm Category 

Total TS H1 H2 H3 H4 H5 

1900ï1909 2 1 ï ï ï ï 3 

1910ï1919 2 ï 3 ï ï ï 5 

1920ï1929 1 ï 1 ï ï 1 3 

1930ï1939 1 2 ï ï 1 ï 4 

1940ï1949 1 ï ï ï ï ï 1 

1950ï1959 1 ï 1 ï ï ï 2 

1960ï1969 ï ï ï ï ï ï 0 

1970ï1979 2 ï ï ï ï ï 2 

1980ï1989 2 ï ï ï 1 ï 3 

1990ï1999 ï 2 2 ï 1 ï 5 

2000ï2009 2 1 ï ï 1 ï 4 

2010ï2018 2 ï ï ï ï 2 4 

Total 16 6 7 0 4 3 36 

https://www.nhc.noaa.gov/data/
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Figure 2.2.3.2. Top: Tropical storm and hurricane history within 50 nm of SARI. Tropical storm track 

labels indicate storm name and year. NN = No Name was given or is known for the storm. Bottom: 

Tropical storm frequency by category estimated for a 50-year moving window, predicted at 5-year 

intervals. Graphs generated with the Zoo package in R (Zeileis and Grothendieck 2005). Data source: 

Best Track Data (HURDAT2) provided by NOAA https://www.nhc.noaa.gov/data/ (Landsea and Franklin 

2013). 
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2.3. Resource Stewardship 

2.3.1. Management Directive and Planning Guidance 

In 1994 a diverse group of SARI stakeholders developed the vision, purpose, significance, and 

management objectives for Salt River Bay. Input was received from Virgin Island government 

officials, Salt River Preserve Commission members, concerned citizens, environmental group 

representatives, and National Park Service officials. The result of these workshops was ultimately the 

creation of the SARI Foundation document, which provides guidance for both planning and 

management decisions. 

In November 20, 2009, a Cooperative Management Agreement was signed between the Department 

of the Interior National Park Service and Government of the Virgin Islands for the management of 

the Salt River Bay National Park and Ecological Reserves (NPS 2015). The purpose of this 

Agreement was to set forth the roles and responsibilities of NPS and GVI in managing the park and 

to document the formation of a cooperative management partnership for the park. This Agreement 

also set forth provisions generally defining Management of the park and for the development of a 

planning process to implement the General Management Plan (GMP). Within the context of the 

Omnibus Insular Areas Act of 1992, 102 Public Law 247, NPS was charged the task to develop the 

GMP to describe the appropriate protection, management, uses of the Park in way that achieves the 

purpose of the referred Act. The GMP was to be developed with the involvement of stakeholders. 

In January 2015, a Foundation Document was prepared as a collaborative effort between park and 

regional staff which was approved by the Southeast Regional Director on January 30th, 2015. The 

development of the Foundation Document permitted park managers, staff, and the public to identify 

and clearly provide the essential information that is necessary for the park management to consider 

when determining future planning efforts, outlining key planning issues, and protecting resources and 

values that are integral to park purpose and identity (NPS 2015). 

The purpose of SARI is stated within the Foundation document as preserving, protecting, studying, 

and interpreting significant historical and cultural resources sites ... comprising the Salt River 

watershed (NPS 2015). Fundamental resources and values identified for SARI include archeological 

and historic resources, Amerindian village site and ballcourt, Columbus Landing, Fort Salé, Salt 

River Bay watershed complex, scenic views and vistas, and many recreational opportunities (NPS 

2015). 

2.3.2. Status of Supporting Science 

To adequately manage the national parks, the National Park Service must have adequate knowledge 

of the condition of natural resources. Therefore, park managers require scientifically sound 

information that will allow them to acquire a broad-based understanding of the status and trends of 

park resources as a basis for making decisions and working with other agencies and the public for the 

long-term protection of park ecosystems. To acquire the needed information, the South Florida and 

Caribbean Inventory and Monitoring Network (SFCN) worked in putting together a long term 

monitoring program. At the individual park level, the program aims to monitor a set of key resources 

defined as the parkôs vital signs. ñVital signs,ò as defined by the NPS, are a subset of physical, 

chemical, and biological elements and processes of park ecosystems that are selected to represent the 
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overall health or condition of park resources or elements that have important human values 

(Patterson et al. 2008). Table 2.3.2.1 shows the SFCN Vital Signs selected for monitoring SARI. 

To facilitate the identification and prioritization of vital signs, SFCN divided the ecosystems in the 

South Florida and Caribbean parks into seven ecological zones and developed conceptual models for 

each as well as a region-wide overview and a marine benthic communities sub-model. The biological 

communities in these ecological zones are assumed to be affected by similar physical drivers and the 

same general set of stressors. The conceptual model for the Salt River Bay National Historical Park 

and Ecological Preserve can be found at https://irma.nps.gov/DataStore/DownloadFile/469987 

For the present assessment, available data and reports varied significantly by focal resource. Datasets 

available from monitoring and inventory efforts used to assess condition and to develop reference 

conditions are described within each indicator summary in Chapter 4. Data and documents were 

obtained from numerous sources, including SFCN personnel, SARI staff, academic researchers with 

prior or ongoing research programs within the Monument, and publicly available datasets. 

Table 2.3.2.1. SFCN Vital signs selected for monitoring in SARI (Patterson et al. 2008).1 

Category Vital Sign 

Type 

1 

Type 

2 

Type 

3 

No 

Monitoring 

Planned 

Air Quality 
Air Quality-Deposition ï ï x ï 

Air Quality-Mercury ï ï x ï 

Geology and 

Soils 
Coastal Geomorphology x ï ï ï 

Water 

Surface Water Hydrology x ï ï ï 

Estuarine salinity patterns ï ï x ï 

Water Chemistry ï x ï ï 

Nutrient Dynamics ï ï x ï 

Periphyton (Freshwater) ï ï ï x 

Phytoplankton (Marine) ï ï x ï 

Biological 

Integrity 

Invasive/Exotic Animals ï x ï ï 

Invasive/Exotic Plants ï x ï ï 

Marine Benthic Communities x ï ï ï 

Mangrove-Marsh Ecotone x ï ï ï 

Wetland Ecotones and Community Structure ï ï ï x 

Forest Ecotones and Community Structure x ï ï ï 

Marine Exploited Invertebrates x ï ï ï 

Aquatic invertebrates in wet prairies & marshes ï ï ï x 

1 Type 1 represents Vital Signs for which the network will develop protocols and implement monitoring; Type 2 

represents Vital Signs that are monitored by PAIS, another NPS program, or by another federal or state agency 

using other funding; Type 3 represents Vital Signs for which monitoring cannot be currently implemented 

because of limited staff and funding but will likely be done in the future. 

https://irma.nps.gov/DataStore/DownloadFile/469987
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Table 2.3.2.1 (continued). SFCN Vital signs selected for monitoring in SARI (Patterson et al. 2008).1 

Category Vital Sign 

Type 

1 

Type 

2 

Type 

3 

No 

Monitoring 

Planned 

Biological 

Integrity 

(continued) 

Marine Fish Communities x ï ï ï 

Focal Fish Species ï x ï ï 

Freshwater Fish and large macro-invertebrates ï ï ï x 

Amphibians ï ï x ï 

Colonial Nesting Birds ï x ï ï 

Marine Invertebrates-Rare, Threatened, and Endangered x ï ï ï 

Sea Turtles ï ï x ï 

Protected Marine Mammals ï ï x ï 

Human Use Visitor Use ï x ï ï 

Landscapes 

(Ecosystems 

Pattern and 

Processes) 

Fire Return Interval ï ï ï x 

Vegetation Communities Extent & Distribution x ï ï ï 

Benthic Communities Extent & Distribution x ï ï ï 

Land Use Change x ï ï ï 

1 Type 1 represents Vital Signs for which the network will develop protocols and implement monitoring; Type 2 

represents Vital Signs that are monitored by PAIS, another NPS program, or by another federal or state agency 

using other funding; Type 3 represents Vital Signs for which monitoring cannot be currently implemented 

because of limited staff and funding but will likely be done in the future. 
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Chapter 3. Study Scoping and Design 

The NRCA is a collaborative project between Florida International University, the University of the 

Virgin Islands (UVI), and the National Park Service (NPS). Stakeholders on this project include the 

Salt River Bay National Historical Park and Ecological Preserve (SARI) management and staff, as 

well as NPS Interior Region 2 ï South Atlantic Gulf managers, the NPS South Florida/Caribbean 

Network (SFCN) scientists, and other NPS staff linked to the Virgin Islands sites. 

This chapter describes the study scoping process, introduces the hierarchical indicator framework 

used in the assessment, and summarizes the general approach and types of methods used to evaluate 

and report condition findings reported in chapters 4 and 5. 

3.1. Preliminary Scoping 

3.1.1. Initial planning and scoping 

During the initial stage of Phase I of the study, several in-person meetings and conference calls took 

place between the FIU Principal Investigator (Anna Wachnicka) and NPS staff. A preliminary 

scoping meeting took place on December 12, 2016, where the FIU project team met with staff from 

the NPS South Florida/Caribbean Network (SFCN) and the acting coordinator of the Regional 

NRCA and RSS Programs. The objective of the meeting was to identify (a) projects conducted by 

SFCN in the USVI parks; (b) reports, papers and data available at the SFCN office that could be used 

for the present project; (c) potential data gaps; and (d) important drivers of ecological change in the 

selected sites based on the research done in the parks. 

The meeting started with a discussion of the vital signs being monitored by SFCN and partners 

within the NPS units located in the U.S. Virgin Islands. A preliminary subset of physical, chemical, 

and biological elements and processes of the park ecosystems were identified as important for the 

present NRCA, but it was agreed that the final list would be determined during the on-site scoping 

meetings planned for February, 2017. As a result of the discussion, a number of reports and papers 

were highlighted, as well as data sets available at the SFCN headquarters and in other NPS data 

centers. Information available from partner agencies and institutions was also identified. The names 

of potential contacts were provided to the FIU team. A preliminary list of identified documents and 

datasets and their online location was to be prepared by NPS. 

Following the preliminary scoping meeting, the FIU project team met with the acting coordinator of 

the Regional NRCA and RSS Programs to plan future actions, in particular as it referred to the on-

site park visits and scoping meetings. In the course of the meeting, it was reiterated that the purpose 

of the NRCA was to evaluate and report on current conditions for important park natural resources, 

and to identify critical data and knowledge gaps and potential factors that are influencing park 

resource conditions. As with other NRCAs, constraints were set on this assessment, namely: (a) the 

NRCA was to be performed utilizing available data sets and information; (b) the identification of 

data needs and gaps should be guided by the framework categories selected for the project; (c) as 

possible and appropriate, description and evaluation of conditions in each unit would be completed 

using GIS coverages and map products; and (d) study design and reporting products would follow 

national NRCA guidelines and standards (FIU 2017). 
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3.1.2. Onsite scoping and meetings with SARI NPS staff 

The Salt River Bay National Historical Park and Ecological Preserve (SARI) was the second of the 

three NPS units visited (Appendix C). The FIU team traveled to St. Croix on February 5, 2017. On 

Tuesday, Feb. 7, a joint team of NPS staff and FIU staff carried out the Salt River Bay National 

Historical Park and Ecological Preserve (SARI) site visit. During the site visits, the team focused on 

identifying the major natural resources in the parks and the issues that were impacting these, both 

positively and negatively. Several points that were highlighted in the discussion included: the health 

of the mangroves in SARI, the importance of SARI as a historic location within the Caribbean, and 

concerns about the coral reefs and the fish that populate the waters of SARI. Brief notes of the visit 

to the SARI site are provided in the Phase I Project Report (FIU 2017). 

During these meetings, the participants accomplished a series of tasks, namely: 

¶ Revisit the most important issues examined during the site visits. Follow-up and/or clarify 

matters that required further discussion 

¶ Discuss the methodology to be used in the assessment and revise dates set for the implementation 

of the phases of the project 

¶ Confer with a preliminary scope of the content of the individual NRCAs for the units 

¶ Jointly concur to a preliminary list of focal resources to be assessed in full or in a limited manner, 

based on the available information and data sets for each park, as per the knowledge of the 

meeting participants 

¶ Agree on the responsibility of the different actors, in addition to the FIU team (NPS on-site staff, 

NPS in mainland staff, South Florida/Caribbean Network ï SFCN, others) and their expected 

information and data input and datelines 

¶ Complete the draft scoping tables reflecting the results of the deliberations of the participants 

¶ Identify existing information and data sets in-situ that would be provided to the FIU team before 

the conclusion of their visit or sent to them on a later time. 

3.2. Study Design 

3.2.1. Indicator Framework, Focal Study Resources and Indicators 

The framework used in the study of SARI is adapted from that presented in the H. John Heinz III 

Center for Scienceôs ñState of Our Nationôs Ecosystems 2008ò (Heinz Center 2008). The framework 

defines a way to organize the various resources that are considered important to the park in a 

hierarchal manner. The framework considers regional and landscape context, as well as historic 

condition influences, and constitutes a mechanism to summarize current natural resources conditions, 

risk factors, and critical data gaps. 

The proposed framework encompasses two major categories, namely the Supporting Environment 

and Biological Integrity. In turn, Supporting Environment is subdivided into Coastal Dynamics and 
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Chemical/Physical, whereas Biological Integrity is subdivided into Terrestrial Plants, Marine Plants, 

Terrestrial Vertebrates/Invertebrates, Marine Vertebrates, and Marine Invertebrates. 

The primary features in the selected framework are focal resource components, indicators, measures, 

stressors, and reference conditions. Resource ñComponentsò in this process are defined as natural 

resources (e.g., lizards), natural processes or patterns (e.g., shoreline dynamics), or specific features 

or values (e.g., water quality) that are considered important to current managers. Each focal resource 

or component can be characterized by one or more ñindicatorsò. The term ñindicatorò is used in our 

assessment to refer to ña specific, well-defined, and measurable variable that reflects some key 

characteristic of a component that can be tracked through timeò (Heinz Center 2008) to signal what is 

happening to the specific resource. Each indicator has one or more ñmeasuresò that best define the 

current condition of a resource being assessed in the NRCA. ñMeasuresò are defined as those values 

or characterizations that evaluate and quantify the state of ecological health or integrity of a resource. 

In addition to measures, current condition of resources may be influenced by certain ñstressors,ò 

which are also considered during assessment. A ñstressorò is defined as any agent that imposes 

adverse changes upon a component. These typically refer to anthropogenic factors that adversely 

affect natural ecosystems, but may also include natural processes or disturbances such as hurricanes, 

floods, or predation (adapted from Amberg et al. 2014). 

A ñreference conditionò is a benchmark to which current values of a given measure can be compared 

to determine the condition of that resource component. A reference condition may be a historical 

condition (e.g., species composition of seagrass in the 1980s), an established ecological threshold 

(e.g., predefined standards for water quality), or a targeted management goal/objective (e.g., 

abundance of reptiles) (adapted from Amberg et al. 2014 and Stoddard et al. 2006). 

During the scoping process in SARI, key resources were identified by NPS staff. These are 

represented as ñcomponentsò in the NRCA framework. The list of components was not a 

comprehensive list of all the resources in the SARI. Rather, a selection of components was made 

which included resources and processes that were of greatest concern or highest management 

priority. One or more indicators and respective measures for each, as well as known or potential 

stressors, were identified in collaboration with NPS staff. 

Table 3.2.1.1 provides the framework for the SARI NRCA, including the list of focal resources 

considered, along with the associated condition indicators used to assess each focal resource. Full 

assessments were conducted for all focal resources except for queen conch. Authors responsible for 

each section are listed next to their respective focal resource.  
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Table 3.2.1.1. SARI NRCA framework table. 

Framework 

Category 

Focal 

Resource 

Assessment 

Level 

Section 

Author Indicators and Measures 

Supporting 

environment 

Shoreline 

dynamics 

Full 

assessment 
P. Olivas ¶ Shoreline change (3 measures) 

Water 

quality 

(inside and 

outside Salt 

River Bay) 

Full 

assessment 
T. Smith 

¶ Fecal indicator bacteria (1 measure) 

¶ Dissolved oxygen (1 measure) 

¶ Total suspended solids ï TSS (1 measure) 

¶ Turbidity (1 measure) 

¶ Dissolved Nutrients (3 measures) 

¶ Chlorophyll (1 measure) 

¶ Terrestrial Sediments (1 measure) 

Watershed 

condition 

Full 

assessment 
M. Donoso ¶ Landover / Land use Change (1 measure) 

Biological 

integrity ï 

terrestrial 

plants 

Mangrove 
Full 

assessment 
D. Ogurcak ¶ Vegetation community extent (2 measures) 

Semi-

deciduous 

dry forest 

Full 

assessment 
D. Ogurcak ¶ Vegetation community extent (2 measures) 

Coastal 

grassland 

Full 

assessment 
D. Ogurcak ¶ Vegetation community extent (2 measures) 

Biological 

integrity ï 

Marine Plants 

Macroalgae 
Full 

assessment 
T. Frankovich ¶ Macroalgae community extent (1 measure) 

Seagrass 
Full 

assessment 

E. Whitman 

T. Frankovich 
¶ Seagrass community extent (1 measure) 

Biological 

integrity ï 

marine 

vertebrates 

and 

invertebrates 

Corals 
Full 

assessment 
T. Smith 

¶ Stony coral cover (1 measure) 

¶ Stony coral health (1 measure) 

¶ Seawater temperature (1 measure) 

Queen 

conch 

Limited 

assessment 
R. Ennis ¶ Community extent (1 measure) 

Reef fish 
Full 

assessment 
A. Duran ¶ Community and population status (3 measures) 

 

3.2.2. Reporting Areas 

SARI includes areas of both submerged and dry lands. The reporting area was treated as one unit 

and, depending of the resource being analyzed, encompassed the entire acreage within SARIôs 

maritime or terrestrial boundaries unless otherwise noted in a specific focal resource section. 

3.2.3. General Approach and Methods 

This assessment includes the collection and review of available literature, datasets, as well as other 

types of existing information (maps, photographs, etc.) for each of the relevant resource identified in 

the framework. New data was not collected for this study. Existing data was analyzed to present 

summaries of the resource condition(s) and to compare with the reference condition(s). New spatial 

representations and maps were created as needed. Once all relevant information for each component 
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was considered, a qualitative statement of the overall current condition was provided and compared 

to the reference condition wherever possible. 

Data Gathering 

Data, literature and overall information mining began with the collection of information during the 

scoping process. Information gathered includes NPS reports and monitoring plans, reports from 

various state and federal agencies, published and unpublished research documents, databases, tabular 

data and charts, GIS data, photographs, maps, which were either provided by NPS staff or obtained 

through personal communication with researchers and online bibliographic literature searches and 

inquiries. 

Data analysis and assessment 

Data analysis and development of the assessment was particular to each focal component identified 

in the framework and was based on the amount of existing information and recommendations 

provided by NPS staff and other experts. The methodology applied for each resource is defined in the 

corresponding section within Chapter 4 of this report. 

Researchers and experts 

Researchers and subject matter experts from FIU, NPS, and partner entities of these two 

organizations were consulted while developing the NRCA for SARI. Consultations were in the form 

of individual and group visits, correspondence via email or phone, virtual meetings, and reviews of 

resource sections. A list of the team of researchers and experts contributing to the assessment of each 

focal resource can be found in the respective chapter 4. 

Summary Indicator Symbols 

The ñIndicatorò and ñMeasurementò assessments for each component will be presented in a standard 

format throughout the document. This standard format is consistent with State of the Park reporting 

(NPS 2012). Condition/trend/level of confidence tables will be used for each resource to provide a 

representation of the condition assessment in a concise visual manner. The level of confidence will 

be depicted as high, medium or low, and will infer how confident the assessment is based on the 

information used to evaluate the condition. A detailed account will be provided in the various 

sections of chapter 4 of this report under the heading ñCondition and Trendò for each resource. 

Table 3.2.3.1 shows the ñCondition/trend/level of confidenceò scorecard to be used to describe the 

overall condition, trend, and level of confidence of the analysis assigned to each indicator for a focal 

resource. The color of the circles indicates the condition based upon the chosen indicators/measures 

and the reference conditions. Red circles imply that a resource is of significant concern; yellow 

circles denote that a resource is of moderate concern; and green circles signify that an indicator 

and/or measure are/is currently in good condition. A circle without any color, (which is almost 

always associated with the low confidence symbol-dashed line), signifies that there is insufficient 

information to make a statement about condition of the indicator, consequently, condition is 

unknown. The arrows within the circles represent the trend of the indicator/measure condition. 

Arrows pointing upward refer to an indicator which is improving; horizontal left-right pointing 

arrows express that the indicatorôs condition is currently unchanging; and arrows pointing downward 
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indicate that the indicatorôs condition is deteriorating. Circles with no arrows denote that the trend of 

the indicatorôs condition is currently unknown. Table 3.2.3.2 provides example indicator symbols 

and descriptions of how to interpret them in the assessment summary tables. 

Table 3.2.3.1. Indicator symbols used to indicate condition, trend, and confidence in the assessment. 

Condition Status Trend in Condition Confidence in Assessment 

Condition 

Icon 

Condition Icon 

Definition 

Trend 

Icon 

Trend Icon 

Definition 

Confidence 

Icon 

Confidence Icon 

Definition 

 

Resource is i n Good Condition 

Resource is in Good 

Condition 
 

Conditi on is impr oving 

Condition is 

Improving 

 

High confi dence 

High 

 

Resource Warr ants  

Moderate Concern 

Resource warrants 

Moderate Concern 
 

Conditi on is unchanging 

Condition is 

Unchanging 
 

Medi um confidence 

Medium 

 

Resource Warr ants  

Significant Concern 

Resource warrants 

Significant Concern 
 

Conditi on is deterior ati ng. 

Condition is 

Deteriorating 
 

Low  confi dence 

Low 

 

Table 3.2.3.2. Example indicator symbols and descriptions of how to interpret them in the assessment 

summary tables. 

Symbol 

Example Verbal Description 

 

Resource is i n good conditi on; conditi on is impr oving; high confidence i n the assessm ent. 

Resource is in good condition; its condition is improving; high confidence in the assessment. 

 

Conditi on of resource warrants  moderate concern; condition is  unchanging; m edium 

confidence in the assessm ent. 

Condition of resource warrants moderate concern; condition is unchanging; medium confidence in the 

assessment. 

 

Conditi on of resource warrants  significant concer n; trend in condition is  unknow n or not 

applicabl e; l ow confidence in the assessm ent. 

Condition of resource warrants significant concern; trend in condition is unknown or not applicable; 

low confidence in the assessment. 

 

Current conditi on is unknown or  indeterminate due to inadequate data, l ack of reference 

value(s) for comparative purposes, and/or  insuffi cient expert  knowl edg e to r each a m ore 

specific conditi on determinati on; tr end i n conditi on is unknown or not applicabl e; l ow 

confidence in the assessm ent.  

Current condition is unknown or indeterminate due to inadequate data, lack of reference value(s) for 

comparative purposes, and/or insufficient expert knowledge to reach a more specific condition 

determination; trend in condition is unknown or not applicable; low confidence in the assessment. 

 

Overall condition tables are presented for each focal resource in Chapter 5. To arrive at an overall 

status and trend for each focal resource, we followed the rules for combining multiple status and 

trends as outlined in the NPS-NRCA Guidance Update date January 20, 2014. Specifically, a 

combined condition score for a focal resource was determined by assigning any red symbol a value 
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of 0, any yellow symbol a value of 50, and any green symbol a value of 100, summing the values of 

all indicators for each focal resource and dividing by the number of indicators/measures. Deviation 

from this method to arrive at the overall status was done on a case-by-case basis at the discretion of 

the resource assessment author and is noted in chapter 5 when applicable. 

The overall trend for a focal resource was determined by adding the number of up arrows and 

subtracting the total number of down arrows. Calculated trend values greater than 2 were considered 

an increasing trend while values less than ī2 were considered a negative trend. All values in between 

were considered no trend. In the case when there was less than three indicators for a particular focal 

resource and both trends for indicators/measures were the same, the overall trend took on the same 

value. 

However, when only two indicators/measures were present for a focal resource and the status or 

trend was not in agreement between the two, the author of each focal resource assessment made a 

judgement as to whether one indicator should be more highly weighted. The condition and trend of 

the more highly weighted measure was used to represent the overall status of a focal resource. The 

rationale for this is described on a case by case basis when applicable in chapter 5. 

Overall confidence level corresponded to the level most often indicated for a resource if indicators 

were equally weighted. In the case when indicators were not equally weighted, the confidence level 

of the higher weighted indicator was used for the overall indicator. The focal resource assessment 

author has noted which indicator was weighted more highly and has provided their reasoning in the 

text of chapter 5. 

Preparation and Review of Component Draft Assessments 

The preparation of draft assessments for each component was carried out by FIU and UVI analysts 

and researchers. Though the project team, analysts and researchers, rely heavily on peer-reviewed 

literature and existing data in conducting the assessment, the expertise of NPS resource staff also 

played a role in providing insights into the direction for analysis and assessment of each component. 

Subsequent to the initial scoping engagements and general undertakings described above, the process 

of developing draft documents for each component began with a project team brainstorming session, 

followed by knowledge-sharing and planning meeting. In addition, personal and e-mail conversation 

among the members of the project team and with an individual or multiple individuals considered 

local experts on the resource components under examination took place throughout the draft 

assessment development process. These conversations were a way for the project team members to 

verify the most relevant data and literature sources that should be used and also to formulate ideas 

about current condition with respect to the NPS staff opinions. Throughout the draft assessment 

development process, the project team maintained communication, to the extent possible, with NPS 

staff, in particular with the acting coordinator of Regional NRCA and RSS Programs. Upon 

completion, draft assessments were forwarded to NPS component experts for initial review and 

comments. 
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Final Component Assessments 

Final resource component assessments were made by incorporating comments provided by NPS 

staff, resource experts, and reviewers during the review of draft chapters. As a result of this process, 

and based on the recommendations and insights provided to the authors, the final component 

assessments were written. These final resource component assessments represent the most relevant 

and timely information and data available for each component and the insight and knowledge of park 

resource staff, researchers, external resources experts, and assessment writers. 

Format of the focal resource assessment sections presented in chapter 4 

All focal resource component assessments are presented in a standard format. The format and 

structure of these assessments is described below. 

Description 

This section describes the relevance of the resource component to the individual park and explains its 

characteristics. This section also refers to any existing interrelations that exist between the featured 

component and other resources components referenced in the assessment. Emphasis is to be given to 

issues that make the component a unique feature of the park, a key process or resource in the park 

ecology, or a resource that is of high management priority in the park. 

Data and Methods 

This section refers to the datasets used in the analysis as well as any type of information utilized in 

the assessment. The methods used for processing or evaluating the data are also discussed herein 

where applicable. The indicators and corresponding measures are presented in this section as well, 

describing to the best of our knowledge how each indicator was measured or qualitatively assessed 

the natural resource topic. 

Reference Conditions/Values 

This section describes the reference condition that were used to evaluate each resource component as 

it is delineated in the framework. Also, discussions of available data and documents that describe the 

reference conditions are located in this section. This section provides an explanation as to why 

specific reference conditions are appropriate or logical to use in this assessment. 

Condition and Trend 

This section provides and discusses key findings regarding the existing condition of the resource 

component and trends (when available). The information is presented primarily with text but is often 

accompanied by detailed maps or plates that display different analyses, as well as graphs, charts, 

and/or tables that summarize relevant data or show interesting relationships. All relevant data and 

information for a component is presented and interpreted in this section. 

Threats and Stressors 

This section presents the major threats and stressors that may affect the resource and influence on the 

current condition of a resource component based on a combination of available data and literature, 

and discussions with experts and NPS staff. 
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Data Needs/Gaps 

In this section, critical data needs or gaps for the resource component are reported. It also refers to 

how these data needs/gaps, if addressed, would provide further insight in determining the current 

condition or trend of a given component in future assessments. The section is expected to help NPS 

staff seeking to prioritize monitoring or data gathering efforts. 

Overall Condition 

This section renders a qualitative summary statement of the current condition that was determined for 

the resource component. This determination is established based on the analysis and review of 

available literature, data, and any insights from NPS staff and experts, or other subject matter experts. 

The Overall Condition section summarizes the key findings and highlights the key elements used in 

determining and justifying the level of concern, if any, that authors attribute to the condition of the 

resource component. In addition, this section includes the condition assessment table. 

Sources of Expertise 

Individuals who provided data or references, or were consulted for the focal study resources will be 

listed in this section. A short paragraph presenting their title and affiliation with offices or programs 

is also included. 

Literature Cited 

This is a list of formal citations for literature or datasets used in the analysis and assessment of 

condition for the resource component. When possible, links to websites are also included. Citations 

used in appendices and plates referenced in each section (component) of Chapter 4 are listed in that 

sectionôs ñLiterature Citedò section. 
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Chapter 4. Natural Resource Conditions 

4.1. Coastal Dynamics 

4.1.1. Shoreline Dynamics 

This section reviews the condition of the shoreline at Salt River Bay National Historical Park and 

Ecological Reserve (SARI). The condition assessment considers a 65-year period of aerial images 

provided by the National Park Service and U.S. Geological Survey for the following image dates: 

1954 (USGS 1954), 1971ï77 (NCCOS 2022a), 1992 (NCCOS 2022b), 2000 (NCCOS 2022c), 2007 

(NPS 2007) and from ESRI basemap (2019) to generate data to assess the status of the shoreline. The 

shoreline is typically evaluated using metrics that detect changes in area, length, elevation, and type 

(e.g., sand/gravel, rocks, or vegetation). The condition metrics selected for this resource include area, 

length, and type (e.g., sand/gravel, rocks, or vegetation). Please note that some condition metrics 

could not be evaluated due to lack of detailed data related to elevation. 

Description 

Based on ocean current influence, the shoreline of SARI can be separated into three sections: the 

northern, central, and southern areas of the park (Figure 4.1.1.1). The northern shoreline is mostly 

influenced by longshore currents with rocky shores and some beaches of small sediments (sand, coral 

cobbles or gravel beaches) and coastal vegetation (Kendall et al. 2005). The central area flanks Salt 

River Bay, and it is mostly influenced by wind-driven currents (Kendall et al. 2005). The central west 

shorelines are mostly vegetated with some sections of sandy/gravel shores, while the central east 

shoreline presents a higher extent of sandy/gravel shores. Lastly, the southern shores of the park are 

within Sugar and Triton Bays and are mostly influenced by flooding and tidal dynamics and 

shorelines are colonized by mangrove species (Figure 4.1.1.1, see Section 4.4.1, Kendall et al. 2005). 

Two main geological formations, Miocene Kingshill and Cretaceous Judithôs Fancy formations 

underlie most of Salt River watershed. The southern area of SARI including the mouth of the river is 

underline by the Miocene Kingshill formation, while the northern area of the park consists of 

Cretaceous Judithôs Fancy formation (Kendall et al. 2005). These formations play an important role 

in shoreline and sediment dynamics and the ecology of the park. Sediments within the park consist of 

mostly carbonate sediments along the sides of Sugar Bay and main body of the Salt River Bay, and 

fine terrigenous sediment, such as silt and clay found in near terrestrial sources in the southernmost 

areas of the bays (Kendall et al. 2005). Carbonate sediments consists primarily of calcareous algae 

and other benthic organisms, while the terrigenous sediment are primarily a result of upland erosion 

and river transport (Gerhard and Petta 1974, Kendall et al. 2005). Hubbard (1989) found that the reef 

is an effective barrier that separates sedimentation between bay, canyon and shelf. However, 

terrigenous sediment has been observed offshore after extreme events such as storms and hurricanes 

(Williams 1988), suggesting that a rise in storm activity and intensity could increase upland erosion 

and terrigenous sediment deposition into offshore environments. Although the role of wave action in 

coastal erosion might be low because of the dampening effect of the coral reef barrier, the presence 

of mangroves is likely to play an important role in the reduction of upland sediment deposition 

especially during extreme precipitation events. In the shelf and canyon, the main sediment comes 
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from coral bioerosion transported as a longshore drift east-west by the trade winds (Hubbard 1989, 

Kendall et al. 2005). 

Given that some areas within SARI have been heavily altered and are exposed to different 

environmental and anthropogenic pressures, it is important to qualify and quantify how the shoreline 

has changed over the past 65 years. 

 

Figure 4.1.1.1. Shoreline change and ocean currents. Park boundary is indicated by hatched yellow line, 

and digitized and smoothed shorelines (inter border) for years 1954 and 2019 are in pink and blue 

respectively. Currents after Kendall et al. (2005). Shorelines for 1954 and 2019 were added to both 

images for comparison. Lower left insert depicts the geographical sections of SARI referenced in the text. 
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Data and Methods 

To evaluate the long-term trends of the shoreline dynamics the following metrics were used: 1) 

difference in length of the shoreline (vegetation boundary) between 1954 and 2019, 2) shore area 

change between 1954 and 2019, and 3) shore (sand/rock/gravel) habitat change for multiple years 

between 1954 and 2019. The analysis focused on the shorelines in the northern section of the park 

excluding Sugar and Triton Bays. The vegetation boundary was used to calculate the shoreline length 

given that it is more clearly defined and less likely to present digitizing errors. The shoreline dynamic 

was defined as a function of the detectable high water mark (shoreline variability) and the migration 

of the vegetation boundary landward or seaward. The timeframe for the trend evaluation 

encompassed 1954 to 2019, with assessments done in 1954, 1971ï77, 1992, 2000, 2007, and 2019. 

The reference conditions for the parkôs shoreline dynamics were the shoreline and vegetation 

boundaries in 1954. The image from 1954 was black and white. The lack of color affected the ability 

to distinguish the high water mark in some areas during digitizing. The image was not georeferenced 

and presented considerable warping which together with the lack of landmark features was a 

challenge to correct. For the georeferencing of the 1954 image, the 2019 image (ESRI World 

Imagery) was used with a 3rd order polynomial transformation. The root mean square (RMS) error 

between 1954 and 2019 images was about 0.82 for the forward-inverse. The other images were 

already georeferenced, but presented some registration errors when compared to the 2019 image: 

1971ï77: 1.7 m; 1992 and 2000: 4.8 m, and 2007 3 m. The image from 1971ï1977 is a mosaic with 

one section of the image from 1971 and the other from 1977. Although the park is only within one of 

the mosaic sections, it is not known whether it is on the 1971 or 1977 section. For the analysis this 

mosaic was referred to as year 1971. Image resolution was 1 m for 1954, 50 cm for 1971ï1977, 

1992, 2000, and 2019, and 30 cm for 2007. 

Current condition as of 2019 was established from satellite data from September 18, 2019. Shoreline 

and vegetation boundaries were visually interpreted and digitized from the aerial photographs. 

Digitization of the shorelines was done at a scale of 1:1000 (Holdaway and Ford 2019), and vertexes 

were created every 5ï10 m to capture the coastal variability. To reduce sharp vertices, a Polynomial 

Approximation with Exponential Kernel (PAEK) method was used to smooth the shorelines. This 

method is based on a smoothing tolerance parameter that controls the length of a "moving" path that 

is used for calculating the new vertices. For this study, the smoothing tolerance parameter was set to 

5, allowing for smoothing of sharp vertices but preserving the detail of the shoreline. The shorter the 

length the more detail that will be preserved. All GIS data were processed in ArcMap 10.8 (ESRI 

Inc.). 

Three classes were used to characterize the shoreline: 1. Sand/Gravel, 2. Rock, and 3. Vegetated. 

Sandy shores are defined as distinguishable fine or small particle sediment areas. Sand and gravel 

were kept together because they were indistinguishable across the aerial photography and satellite 

data, especially for the aerial from 1954. Rocky shores are areas where large boulders and rocks were 

clearly distinguishable from vegetated and sandy shores. Lastly, the vegetated shores are areas where 

vegetation, predominantly mangroves, covered the shore and no sand, gravel or rock were visible 

from the aerial image. For further information about the mangrove cover and species, see section 
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4.4.1. For digitizing the outer shoreline boundary high water mark, a conservative approach was used 

where the most visible high tide line was set as the lower boundary for the estimation of the shore 

area. 

Data limitations and conditions that can influence the process of shoreline digitization and affect the 

detection probability of the high-water mark include data quality of the older aerial photography, the 

subjective process of digitization (line tracing), and time of the day and acquisition date of imagery. 

For example, the tide fluctuation in the Virgin Islands is about 30 cm (Kendall et al. 2005), therefore 

the difference between the high water mark at low and high tide can range from a few centimeters to 

a couple of meter depending on the slope at any particular location along the shore. 

Reference Conditions/Values 

Reference conditions for the shoreline of SARI were determined using digitized shoreline and 

vegetation boundary from aerial photographs from 1954 (1954 aerial image). The length of the 

shoreline in 1954 for the east and west were 1,342 m and 1,431 m, respectively (Table 4.1.1.1). 

Although the image presented some limitations (see Data and Methods section), it is an important 

record of the baseline conditions of the park before manmade modifications in the 1960ôs where an 

embayment was created by a hotel/marina development that dredged and connected an existing 

enclosed salt point to the Salt River Bay (Figures 4.1.1.1 and 4.1.1.2) (Kendall et al. 2005, Pinckney 

et al. 2014). These modifications resulted in a significant change of the shoreline, especially in the 

northeast and central areas of the park. Since the dredging ceased, the northeast section has been 

changing and sediment deposition from the northeast has been reshaping the contour of the east 

shoreline. 

Table 4.1.1.1. Coastal shoreline length for 1954 and 2019. Length of the shoreline was determined by 

digitization of the landward vegetated boundary using aerial photography (see Data and Methods 

section). 

Section 1954 2019 Change (m) 

East 1342 2652 1310 

West 1431 1302 129 

Condition and Trend 

The comparison of the baseline length of the shorelines (landward vegetated boundary or inter 

border) in the north and central zones of SARI (areas most affected by ocean currents) showed that 

the change in the length of the shoreline between 1954 and 2019 has been relatively small for the 

west section of the park. However, the east section of the park has experienced much larger changes 

(Table 4.1.1.1 and Figure 4.1.1.1). The west side experienced decrease in shoreline of just over 100 

m, while the eastern side experienced a gain of about ~1300 m. The shoreline in the northwest 

section of the park has receded in some areas up to 25ï30 m, while in the central west the shoreline 

has experienced gains of about ~30 m in a small area mostly surrounded by mangroves (Figures 

4.1.1.1, 4.1.1.2, and 4.1.1.3). In the northeast corner of the park, the geomorphology of the shoreline 

is predominantly rocks and cliffs (Hubbard 1989), and as a result more resilient and resistant to 
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weathering and erosion. Thus, the shoreline change in this area has been small, but still some 

shoreline recession has been observed (Figures 4.1.1.1 & 4.1.1.2). 

 

Figure 4.1.1.2. Shoreline accretion (green polygons) and loss (red polygons) for the northern and central 

shorelines of SARI for the period between 1954 and 2019. Park boundary in hatched yellow and currents 

modeled after Kendall et al. (2005). 

During the 1960s the east shoreline experienced a significant change because of a subdivision 

development, which consisted in a marina and dredging of a saltwater pond (Kendall et al. 2005, 

Pinckney et al. 2014). The dredged material was later used to create a peninsula, a beach, and other 

areas near the marina. This manmade embayment resulted in a considerable change of the shoreline 

including the increase in length. However, longshore sediment movement and deposition in the 

northern area of Crescent Beach has resulted in a ñsandbar peninsulaò that has been slowly growing 

southward (Figure 4.1.1.4). With time, it is likely that the ñsandbar peninsulaò will enclose Crescent 

Beach resulting in a new salt pond and restoring the shoreline to a contour that resembles the one 

before the development (Figures 4.1.1.1 & 4.1.1.2). 
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Figure 4.1.1.3. Morphology and extent of rocky (purple), vegetated (green) and sandy/gravel (orange) 

shores in the western section of SARI. Red hatched line shows the park boundary. Imagery available 

from NCCOS (for 1971, 1992, and 2000), NPS (for 2007), and ESRI (for 2019). 
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Figure 4.1.1.4. Morphology and extent of rocky (purple), vegetated (green) and sandy/gravel (orange) 

shores in the eastern section of SARI. Red hatched line shows the park boundary. Imagery available from 

NCCOS (for 1971, 1992, and 2000), NPS (for 2007), and ESRI (for 2019). 
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The long-term trends of shoreline accretion and erosion in SARI show that the shorelines along the 

northern areas of the park are receding the most with the shorelines in the northwest receding faster 

(Figure 4.1.1.2). However, overall, these changes are small for the 65-year period. Conversely, the 

east shore, and in particular the central east shore, has shown an important advancement between 

1954 and 2019. This significant change has been a result of southward growth of the ñsandbar 

peninsulaò from longshore sediment deposition. For the period of assessment (65 years), the balance 

for the coast zone has been a net loss for the area measured. However, this net loss is mostly related 

the development from the 1960ôs. Thus, if the dredged area were to be excluded, accretion is 

happening at faster pace than erosion (Figure 4.1.1.2). 

Additionally, although SARI shoreline has experienced some changes over the past 65 years, 

archeological records show that prehistoric materials from village settlements from over 2000 years 

ago in both east and west shores remain intact suggesting that these shorelines have been relatively 

stable (Z. Hillis -Starr 2018, personal communication). 

On the west shores of SARI, there has been some change in the components of the shoreline. In 

terms of the rocky shore, the area has experienced a small decline, but the fluctuation in area since 

1954 has been small (Figures 4.1.1.3 & 4.1.1.5 and Table 4.1.1.1). In the case of the sandy/gravel 

shore the west side of the park has seen almost no change between 1954 and 2019; however, the area 

of these shores has experience fluctuation within the years. For instance, there was an increase from 

0.18 ha in 1971 to 0.81 ha in 2000 and then a reduction to 0.25 ha in 2007 (Figure 4.1.1.5 and Table 

4.1.1.2). These fluctuations in the sandy/gravel area are most likely because of the impact of 

Hurricane Hugo on the vegetated coastline, which killed a large percentage of mangroves and 

significantly reduced their canopy density (Kendall et al. 2005). It is important to note that the 

change in shoreline area classification was not associated with the gain or loss of shoreline. 

 

Figure 4.1.1.5. Shoreline dynamics for sandy/gravel (orange column), rocky (blue column), and 

vegetated (red line) shores for the west and east shores of SARI. 
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Table 4.1.1.2. Changes in rocky shore and sandy/gravel shore surface area and length of vegetated shore between 1954 and 2019 for the central 

and northern areas of SARI. Image type AP = aerial photography, SPOT = SPOT satellite Imagery. 

Hurricane 

Image 

Type 

Acquisition 

date Year 

Rocky Shore (ha) Sandy/gravel Shore (ha) Vegetation Shore (m) 

Total 

area Change1 

Rate of 

change2 

(ha/yr) 

Total 

area Change1 

Rate of 

change2 

(ha/yr) 

Total 

length Change1 

Rate of 

change2 

(m/yr) 

Pre-Betsy AP 1954 1954 0.66 ï ï 3.57 ï ï 590.3 ï ï 

Post-Betsy / 

Pre-Hugo 
AP 1971 1971 0.74 0.08 0.005 0.74 ī2.83 ī0.167 935.0 344.7 20.278 

Post-Hugo 

(1989) 

AP 1992 1992 0.56 ī0.18 ī0.008 1.41 0.67 0.032 1175.5 240.5 11.452 

AP 2000 2000 0.46 ī0.11 ī0.013 1.65 0.24 0.030 933.0 ī242.5 ī30.314 

AP 2007 2007 0.56 0.11 0.015 0.72 ī0.93 ī0.133 1434.9 501.9 71.694 

Post-Irma / 

Post-Maria 
SPOT 09/18/19 2019 0.53 ī0.03 ī0.003 0.72 0.00 0.000 1576.3 141.4 11.785 

1 Change is defined as the difference between two assessment periods. 2 The rate of change was calculated by dividing the absolute change (area or length) 

by the number of years for a time period. Negative values mean loss while positive values mean gain. 
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In 2000, the area for sandy/gravel shore remained almost the same; however, the spatial distribution 

of these shores classes changed within the landscape. Between 2000 and 2007 the area covered by 

sandy/gravel decreased, while the extent of the vegetated shore increased. This result suggests that 

the process of recovery from Hurricane Hugo took more than 10 years. Between 2007 and 2019, the 

sandy/gravel shore area and vegetated shore length have shown a steady increase. The length of 

shoreline covered with vegetation has been low but relatively consistent with 508 m and 459 m in 

1954 and 2019, respectively. The shortest length of shoreline covered by vegetation was 185 m in 

2000, which coincided with the period of recovery from Hurricane Hugo (Figure 4.1.1.3). 

Similar to the western rocky shores of SARI, the rocky shores in the east have experienced little 

fluctuation, with a loss of about 0.08 ha between 1954 and 2019 (Figures 4.1.1.4 & 4.1.1.5). In the 

case of the sandy/gravel shores, the fluctuation has been much larger than on the western side. As 

stated in previous sections, during the 1960s the east shoreline experienced a significant change 

caused by a subdivision development. This development dredge a large area to create a saltwater 

pond, a small peninsula, a beach, and a marina. This change of the morphology of the northeastern 

shore is most likely the cause for the significant reduction of sandy/gravel shore between 1954 and 

1971 (Figure 4.1.1.5). Over time, longshore and wind-driven currents have transported this sediment 

southward to the northern area of Crescent Beach where it has settle forming a ñsandbar peninsulaò. 

It is expected that with time the ñsandbar peninsulaò will restore the shoreline to a contour that 

resembles that of the 1954, before the development (Figures 4.1.1.1 and 4.1.1.4). Between 2007 and 

2019, the ñsandbar peninsulaò has become larger, higher, and more stable and as a result, natural 

vegetation has colonized it. This has resulted in a steady reduction of sandy/gravel area and an 

increase of the vegetated shoreline. During this same time period the shoreline advanced noticeably 

(Figures 4.1.1.1 & 4.1.1.4). Between 2000 and 2019, the area of the sandy/gravel shore in the 

northeast has continued to decrease and has been replaced by rocky shores, suggesting the movement 

of sediment to the southwest towards the small peninsula. 

In general, the eastern side of SARI has experienced a loss of about 2.87 ha of sandy/gravel shore 

area between 1954 and 2019, but has also seen a significant seaward advancement of the shoreline 

(Figures 4.1.1.1 & 4.1.1.4). In comparison with the western side of the park, the length of the east 

shoreline covered by vegetation has been increased significantly, from 82 m in 1954 to 1,118 m in 

2019 (Figure 4.1.1.4). However, the large change in vegetated shoreline can be attributed to the 

increase in shoreline extent created by the dredging of the saltwater pond in the 1960s and 

subsequently the expansion of the peninsula, which created appropriate conditions for natural 

colonization. Additionally, there has been some native plant restoration and exotic removal, but not 

near the shoreline (Figure 4.1.1.4 and see 4.4.2. Coastal Grasslands). 

Threats and Stressors 

Since 1954, SARI has experienced important changes of the shoreline (Figure 4.1.1.1) especially 

after the dredging of the Crescent Bay. Some areas of the park have experienced noticeable losses, 

while other areas have gained surface area. In general, it seems that SARI is mostly losing shore area 

in the northwest and gaining it in the east. Because of the current dynamics and long-term trends, it is 

unlikely that this phenomenon is a result of seasonal sediment movement but more a result of the 
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constant wave action generated by longshore and wind-driven currents (Figures 4.1.1.1 & 4.1.1.2). 

Therefore, changes in the intensity and frequency of these currents is likely to have a significant 

impact on the future shoreline dynamics of SARI. However, it is also important to consider the 

potential effect of seasonal fluctuations of wave action intensity, especially associated with extreme 

season events, such as storms and hurricanes. 

Similar coastlines throughout the Virgin Islands and Caribbean, tropical storm strength and 

frequency are of major concern for the shoreline of SARI. Aerial photographs from 1992, show large 

areas of mangrove damage along the shoreline that are still recovering just a few years after 

Hurricane Hugo (1989) impacted St. Croix, taking over 12 hours to travel the length of the island 

from east to west; sustained winds were over 160 mph (Kendall et al. 2005). However, during the 

same period the sandy/gravel beach area increased. Thus, while the impact of storms on the shoreline 

in SARI can reduce mangrove cover, negatively affecting the stability of the shoreline, it can also 

increase beach surface area through sediment deposition, which could be of benefit for some marine 

species. Other large storms, such as Hurricanes Irma and Maria (2017) have also affected the park, 

but the effects on erosion of the shoreline appear to be small. This could be a result of the individual 

characteristics of the storm, in which path, proximity and in particular wind speed and direction can 

strongly affect the movement of water in the bays. For instance, Kendall (2005) documented a 1.0ï

1.5 m of storm surge associated with Hurricane Hugo in the bays. 

Sea-level rise is another major concern for the area because it can increase coastal flooding, 

negatively affecting coastal ecosystems such as reefs and mangroves. Additionally, sea-level rise can 

also interact with or change the local currents and wave patterns, modifying the coastal sediment 

dynamics. At the moment of the preparation of this report no sea-level rise models were available for 

SARI. However, the current rate of sea level rise (SLR) as measured in nearby San Juan, PR (1963ï

2020) is 2.15 mm yrī1 (http://www.psmsl.org, Station ID 2118), which is slightly lower than the 

global rate (~3 mm yrī1 Nerem et al. 2018). Based on the long-term tends observed for the shoreline 

(Figure 4.1.1.1), it appears that some areas in the east part of SARI are keeping pace with the rise in 

sea level as a result of the mangrove recruitment (see Section 4.4.1). However, the shores in the 

northwest have experienced noticeable landward retraction and might experience accelerated erosion 

with increasing sea levels. 

Data Needs and Gaps 

To capture the inter-annual variability of shoreline dynamics in SARI, several methods could be 

implemented that would capture changes in accretion and erosion (loss of shoreline length and shore 

surface area) with higher certainty than what was available for the analyses in this section. These 

methods are listed below and can be implemented individually or in combination. 

1. Automated classification of high-resolution satellite data in combination with digital image 

processing techniques to detect sand, water and vegetation. Automated image classification 

is inexpensive and would reduce the human introduced error in line digitization. However, 

tidal effect on the high water mark cannot be eliminated with this approach because image 

acquisition times for satellites are typically fixed. 

http://www.psmsl.org/
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2. Shoreline assessment using differential GPS technology (high accuracy). The use of 

differential GPS for assessment of coastal dynamics is an inexpensive tool that can be used 

as an effective method to quantify changes in the shoreline as a result of long-term trends, 

extreme events, or to identify seasonal dynamics. However, this method is limited by 

accessibility and the extent of the area of interest since it requires a person to physically 

walk the length of the shoreline with the GPS unit. 

3. Automated classification of airborne photography with the use of unmanned aerial systems 

(UAS technology). Unmanned aerial systems allow for better control of the image 

acquisition times and could eliminate the error associated with tidal dynamics and 

detection of the high water marks. Additionally, these images would provide much higher 

resolution data, which increases the precision of change estimates. However, unmanned 

aerial technology can be expensive as a result of maintenance of UAS, expensive 

photogrammetric software, data collection and data processing time. Furthermore, data 

management and compliance can also be impediments for the implementation of this 

method. 

4. Very high-resolution 3D shore profiles. Using terrestrial LiDAR technology, 3D profiles of 

strategic locations could provide very high resolution and precision of surface extent 

change and volumetric estimates. Similar to UAS, terrestrial LiDAR can be expensive 

because it requires purchase and maintenance of equipment and proprietary software. 

Overall Condition 

The condition of shoreline dynamics in SARI was assessed using three indicators: shoreline length 

change, shoreline area change, and shore habitat change (Table 4.1.1.3). Shoreline length and habitat 

were found to be in good condition with a trend of improving. Shoreline area change was considered 

as warranting moderate concern with no trend in condition over the time period assessed. 

Table 4.1.1.3. Graphical summary of status and trends for shoreline dynamics within the framework 

category coastal dynamics. 

Component Indicator 

Condition 

Status 

/Trend Rationale and Reference Conditions 

Shoreline 

Dynamics 

Shoreline length 

change 
 

Resource is i n good conditi on; conditi on is impr oving; high confidence i n the assessm ent. 

Since 1954 (reference condition) the shoreline extent has 

increased significantly as result of sediment deposition 

and dredging for the marina. 

Shoreline 

Dynamics 

Shoreline area 

change 
 

Conditi on of resource warrants  moderate concern; condition is  unchanging; m edium confi dence in the assessment. 

Reduction of area since 1954 (reference condition) as a 

result of the dredging for the marina has been slightly 

outpaced by the increase in area accrued because of 

sediment deposition. 

Shoreline 

Dynamics 

Shore habitat 

change 
 

Resource is i n good conditi on; conditi on is impr oving; high confidence i n the assessm ent. 

Sandy/gravel shoreline area and extent of the vegetated 

shoreline have increased steadily since 1954 (reference 

condition), and rocky shorelines have experienced little 

change. 
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4.2. Chemical /Physical 

4.2.1. Water Quality 

This section reviews the condition of water quality in the Salt River Bay National Historical Park and 

Ecological Reserve (SARI). The condition assessment considers data provided by the USVI 

Department of Planning and Natural Resources Division of Environmental Protection (2000ï2018), 

the USVI Territorial Coral Reef Monitoring Program (2004ï2009), and individual research 

assessments between 2012 and 2018 (May and Woodley 2016, Bayless 2019, Pait et al. 2020). The 

condition of water quality for seawater is typically evaluated using metrics that detect changes away 

from conditions suitable for the maintenance and propagation of marine and aquatic life and for 

human contact recreation. The condition metrics selected for this resource assessment include fecal 

indicator bacteria, dissolved oxygen, total suspended solids, turbidity, dissolved and total nutrients, 

chlorophyll, sediments, contaminants, and pollution indicator assays. Temporal trends in condition 

metrics were evaluated for time-series measurements. 

Description 

Water quality in SARI is variable across space and time, reflecting seasonality and responses to 

episodic events, such as storms, as well as different physical, biological and anthropogenic processes. 

Water quality can have important impacts on organisms and human health. Conditions in SARI range 

from very clear oceanic waters offshore to highly turbid and occasionally contaminated inshore 

waters. 

Water quality can be measured from numerous variables that are measurable on site, remotely, or 

from collected samples that are analyzed in a laboratory. These variables can indicate acceptable 

conditions for human health, such as fecal indicator bacteria that suggest the epidemiological risk for 

human contact-based development of gastrointestinal illness. These variables may also indicate 

suitability of water for maintenance and function of certain forms of marine life or deviation of 

conditions away from natural, unperturbed ecosystems. Of high relevance to SARI are water quality 

variables and associated values that support sensitive ecosystems, such as coral reefs, mangroves, 

and seagrass, and their associated flora and fauna. The USVI maintains standards of water quality 

and contaminants for territorial marine waters (USVI 2019). 

Data and Methods 

In the USVI, marine water bodies are classified into three categories of regulation based on their 

ability to affect wildlife and aquatic life and human health (USVI 2019). Classifications are the 

following: Class A. Waters are of exceptional recreational, environmental, or ecological significance; 

Class B. Designated for maintenance and propagation of desirable species of wildlife and aquatic 

life, contact recreation; Class C. waters are those waters which are located in industrial harbors and 

ports and have less stringent water quality standards for certain parameters than Class B waters 

(USVI 2019). All marine waters of SARI are in Class B and are subject to standards with the purpose 

of maintaining aquatic life and human health. Water quality included in this assessment were taken 

from publicly available databases and published and unpublished sources. 
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Common water quality metrics. Common water quality indicators included in this assessment with 

their standards for maintenance of aquatic life (where developed) are listed in Table 4.2.1.1. 

Temperature has high relevance to coral stress and is presented and discussed later in Section 4.6.1. 

Dissolved oxygen (DO) is important for maintenance of respiration in aquatic animals and can affect 

animal growth and movement (Prince and Goodyear 2006). Total suspended solids (TSS) can 

indicate both endogenous particles related to biological activities in the water column, such as 

plankton, and exogenous particles potentially related to pollution. There are no US Environmental 

Protection Agency (USEPA) nor local USI aquatic life standards for TSS (USEPA 2019; USVI 

2019). Turbidity is a measure of water clarity, with values greater than 1 nephelometric turbidity unit 

(NTU) associated with waters of limited clarity that are less aesthetically pleasing and indicate 

impairment for coral reef environments of the USVI (USVI 2019). Less stringent standards of <3 

NTU are listed for other Class B areas without coral reefs. This higher allowable standard may limit 

light transmission for some benthic photosynthetic organisms and constitute a source of stress (T.B. 

Smith unpublished observations; Smith et al. 2013). 

Table 4.2.1.1. Common water quality indicators used in this assessment. When available, each unit is 

listed with its standard for the maintenance and activity of aquatic life, or deviation from natural conditions 

as determined by local regulations. For chlorophyll a, literature surveys served as a guideline for when 

values exceed oligotrophic conditions associated with coral reefs. 

Variable Unit Standards or guidelines Source 

pH None <7, >8.3 USVI 2019 

Temperature °C 
Dependent on taxa; <29°C for 

corals/<32°C elsewhere 

see Section 4.4 for corals; 

USVI 2019 

Dissolved Oxygen mg Lī1 >4.8 mg Lī1; >5.5 mg Lī1 
Prince and Goodyear (2006); 

USVI 2019 

Total Suspended 

Solids 
mg Lī1 None ï 

Turbidity 
Nephelometric 

turbidity units 

<1 NTU reduction from oceanic 

clarity for coral reefs/<3 NTU 

maximum in general1 

Smith et al. 2013 and USVI 

2019 

Ammonia µg Lī1 None ï 

Nitrate µg Lī1 None ï 

Phosphate µg Lī1 None ï 

Chlorophyll a mg Lī1 <0.4 µg Lī1 
Smith et al. 2013, Furnas et al. 

2005 

Fecal Indicators 

Colony forming units 

per 100 mL 

seawater 

<30 CFU (30-day geo. Mean), 

<110 CFP (<10% samples for 

30 days) 

USVI 2019 

1 NTU limits not applicable to Salt River Lagoon (Marina) and Salt River (Sugar Bay). 

Nutrients and phototrophs. Dissolved inorganic nutrients are important and essential for aquatic life 

by supporting the growth of phytoplankton and benthic phototrophs, such as macroalgae. However, 

excessive nutrients can promote growth of unwanted types or abundance of phototrophs. For 
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example, phytoplankton stimulated by nutrients can decrease light penetration to the benthos and 

some species are implicated in harmful algal blooms (Anderson et al. 2002). Or excessive nutrients 

can stimulate overabundance benthic plants at the expense of desired and natural foundational 

species, such as corals and seagrasses, particularly when herbivory is naturally or artificially low 

(McCook 1999). This includes competition with juvenile and adult stony corals for space. 

Nutrient criteria have been developed for USVI Class B waters for Total Phosphorous and Total 

Nitrogen with limits set at 50 µg Lī1 and 207 µg lī1, respectively. Data were available for ammonia, 

nitrate, and phosphorous (orthophosphorous). There are no standards for these nutrients. Examples of 

reporting limits (minimum acceptable values for analysis) for these molecules in USVI waters are: 

ammonia (10 µg Lī1), nitrate (1.5 µg Lī1), phosphate/orthophosphate (7 µg Lī1) (Smith et al. 2013). 

Values that are close to these reporting limits are reasonably likely to indicate low concentrations 

(oligotrophic) conditions for that nutrient in reference to stimulation of phototrophs. 

Chlorophyll concentrations and deviations from mean conditions can be important indicators of 

nutrient pollution in tropical waters. In general, dissolved nutrients in oligotrophic tropical seawater 

are rapidly taken up and used by pelagic and benthic phototrophs for growth, thus, free-water 

dissolved nutrient concentrations are very low (Furnas et al. 2005). For this reason, water column 

chlorophyll, the concentration of photosynthetic pigments indicating phytoplankton abundance, is 

often used as a proxy for dissolved nutrients (Furnas et al. 2005). Chlorophyll a values greater than 

about 0.4 µg Lī1 are indicative of enrichment above oligotrophic oceanic conditions based on 

research conducted south of St. John (Smith et al. 2013) and are similar to values found on the Great 

Barrier Reef (Furnas et al. 2005). 

Fecal indicator bacteria. Fecal indicator bacteria, such as enterococcus, can indicate human and 

animal waste contamination and are used to assess the suitability of marine water for contact-based 

activities. Values that exceed 35 colony forming units 100 mlī1 (CFU) are associated with marine 

waters considered at higher risk for development of human illness (at a rate of 36 per 1000 persons; 

USEPA 2012). The USVI standard indicates the 30-day geometric mean of enterococci should not 

exceed 30 CFU for 30 consecutive days or values of 110 CFU should not be found in more than 10% 

of 30 samples. 

Data used in this assessment for the above water quality variables were taken from published sources 

and online databases. The US Environmental Protection Agency (USEPA) stores publicly available 

water quality data at https://www.waterqualitydata.us. This database (STORET) was queried on 

September 10, 2019 for all data within 0.8 kilometers radius from a centroid located at the southern 

end of the Salt River Canyon at coordinate 17.78214 N, 64.75634 W. This radius covered all long-

term monitoring sites that fell within the boundaries of SARI. Single-event water quality sampling 

was conducted by different researchers at a few locations, but the lack of temporal replication limited 

the information from this sampling (Kendall et al. 2005), and these sites were not included. The 

query identified four unique long-term water quality stations, representing 652 sampling events 

conducted by the Division of Environmental Protection of the USVI Department of Planning and 

Natural Resources for the Ambient Water Quality Monitoring Program and the Beach Monitoring 

Program. (Figure 4.2.1.1, Table 4.2.1.2). Data were retrieved from STORET after the year 2000. 

https://www.waterqualitydata.us/
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Figure 4.2.1.1. Map of the Salt River Historical Park and Ecological Preserve. Orange lines indicate 

preserve boundary. Monitoring areas for coral reefs included SFCN and TCRMP areas on the west Salt 

River wall. Monitoring areas for water quality are indicated with white circles: Columbus Landing Beach 

(STC-33A), Columbus Landing (STX-18), Salt River Marina (STC-33), and Salt River Bay (STC-33B) 

(Table 4.2.1.2). Bathymetry and habitat designations accessed from NOAA (8 August 2019, 

https://products.coastalscience.noaa.gov/collections/benthic/default.aspx). 

Table 4.2.1.2. Water quality monitoring stations in SARI maintained by the USVI Department of Planning 

and Natural Resources Ambient Water Quality monitoring program (STX-18, STC-33 and STC-33B) and 

USVI Beaches Environmental Assessment and Coastal Health program (STC-33A). Metadata includes 

the coordinates, the start date and last included sampling of the program, as well as the number of 

sampling events (N). 

Station Description Latitude Longitude Start Last N 

STC-33 Salt River Marina 17.77517 ī64.76183 6/30/00 6/01/05 14 

STC-33A 
Columbus Landing 

Beach 
17.77992 ī64.7586 6/30/00 5/15/19 53 

STC-33B Salt River Bay 17.77513 ī64.758 3/18/08 5/15/19 36 

STX-18 Columbus Landing 17.77997 ī64.76008 8/9/04 8/27/18 563 
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Kendall et al. 2005 presented data prior to 2000 and a wider range of sampling sites, but for unknown 

reasons earlier data were not accessible from STORET in this query. Not all sites had representation 

of the full suite of water quality variables. Data were visually inspected for consistency in values 

over time that would indicate reliability and outliers that would indicate erroneous values. Site mean 

or median, standard deviation, and maximum value (or minimum for DO and pH) were calculated for 

represented variables, including DO, pH, salinity, TSS, turbidity, and fecal indicator bacteria. 

Enterococcus values were represented in numerical data as ñ<10 CFUò for nine sampling periods. 

For graphical purposes these values were treated as a 0. Kjeldahl nitrogen, total nitrogen, and 

phosphorus concentrations were measured at Salt River Marina (STC-33), Columbus Landing Beach 

(STC-33A), and Salt River Bay (STC-33B). Kjeldahl nitrogen had lower detection limit of 500 µg 

Lī1 prior to June 16, 2016 and 90 µg Lī1 thereafter. Total nitrogen had a detection limit of 245 mg 

Lī1. Phosphorus had a limit of detection of 0.7 µg Lī1. 

Reference Conditions/Values 

There is a general paucity of information from which to establish reference conditions for Salt River 

Bay. Reference values for water quality prior to 1990 were taken inside the reef at the mouth of Salt 

River canyon and southward into the embayments. Since data collection started in 1981, there has 

been an apparent offshore to inshore gradient of water quality within SARI, with increasing turbidity 

and declining dissolved oxygen closer inside the embayments (Kendall et al. 2005). In many cases 

turbidity and dissolved oxygen at stations within embayments, such as the area of the Salt River 

Marina, had values below those acceptable for contact recreation and maintenance of marine life 

(Kendall et al. 2005). In the coral harboring areas around the Salt River canyon, it can be presumed 

from the historical presence of well-developed Holocene coral reef (Hubbard 1986) that water quality 

was good. Sedimentation and sediment transport in the areas immediately around and within the 

canyon was generally low, with the exception of during storm periods (Hubbard 1986). 

Sedimentation on the eastern canyon edge likely historically limited reef development to a low 

abundance coral community composed of more sediment stress-tolerant coral species (Hubbard 

1986). 

Current Condition and Trend 

Coral reef sites outside of Salt River Bay 

Similar to reference conditions, water quality in SARI shows strong spatial variability in an onshore 

to offshore gradient. Water quality along the margins of the Salt River canyon, where coral reefs are 

abundant, can range from fair to good. Water clarity can be very good (see Section 4.6.1), but also 

shows periods of higher turbidity after heavy rainfall events and with strong swell (T. Smith, unpub. 

obs.). Sediment flux of all sediment components and silt-clay sized particles (<0.63 µM) (primarily 

associated with coral damage, Weber et al. 2006) are up to an order of magnitude lower at the 

monitoring site of the USVI Territorial Coral Reef Monitoring Program (TCRMP) on the west 

canyon wall (Figure 4.2.1.1), relative to 20 other sites in the USVI measured with the same 

methodology (Salt River: FluxTotal = 3.3 ± 3.7 SD, Fluxsilt-clay 0.6 ± 0.8, n = 27; Mean of 20 other sites 

in the USVI measured with the same methodology: FluxTotal = 36.6 ± 84.2 SD, Fluxsilt-clay = 1.5 ± 2.7, 

n = 2314; T. Smith, unpub. data). Apparent sediment plumes emanating from the creeks (locally 
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known as guts) draining into Salt River can reach the coastal areas near coral reefs (Kendall et al. 

2005) but the emergent reef at the mouth of Salt River Bay may be a potent barrier to outward flow 

of terrigenous sediments to the reefs after major storms (Pait et al. 2020). 

Water column nutrients are often low in tropical waters near coral reefs, such as the Great Barrier 

Reef of Australia, because free nutrients are rapidly scavenged by phytoplankton, often making 

chlorophyll concentrations more sensitive indicators of nutrient loading than nutrient concentrations 

(Furnas et al. 2005). This appears to be the same for the US Virgin Islands (Smith et al. 2013). In 

SARI nutrient concentrations may be low at the offshore coral reef locations, but this apparently has 

not been measured. Chlorophyll concentrations have also not been adequately measured in SARI. 

Observations of water color and clarity at offshore coral reef sites during monitoring do not suggest 

high chlorophyll levels, but levels are likely to be much higher inshore (T. Smith, unpub. obs.). 

Indirect measures of water quality based on sediment contaminants, biological assays, and coral 

reproductive characteristics could indicate some potential issues with water quality in the coral reefs 

of SARI. Foraminifera assemblages from four coral reef sites spanning the outer areas of SARI 

showed index scores consistent with conditions suitable for coral reef growth (Bayless 2019). May 

and Woodley (2016) measured total phosphorus from sediment porewater samples on two coral reef 

sites on the east side of SARI (area near Whitehorse Rock, Figure 4.2.1.1). and found concentrations 

of 51.2 µg Lī1 and 79.9 µg Lī1, above the 50 µg Lī1 threshold for Class A, B, C waters. Ammonia-

nitrogen, un-ionized ammonia, nitrite-nitrogen and inorganic phosphate were all in acceptable 

ranges. However, a later study by Bayless (2019) did find higher un-ionized ammonia at a site just 

east of SARI (SARI 1 about 300 m outside the eastern boundary). In addition, low 15N values and 

higher levels of zinc and lead in coral skeletons from SARI compared with Buck Island may be 

consistent with raw sewage and storm water run-off (Bayless 2019). An assay with the development 

of sea urchin embryos (Lytechinus variegatus) also showed evidence of arrested growth and 

abnormalities at two eastern coral reef sites in SARI (May and Woodley 2016; Bayless 2019). 

Furthermore, sediment porewater at an additional site just to the east of SARI and closer to 

residential communities and the town of Christiansted arrested development of 99.7% of embryos 

(SARI 1; Bayless 2019). Un-ionized ammonia in the porewater was high and may have contributed 

to the effects on embryos. Urchin fertilization assays at these same sites similarly did not 

demonstrate any issues. These indicators suggest contamination from unknown pollutants and it was 

posited that there could be upstream sources to the east associated with residential areas and the town 

of Christiansted (Bayless 2019). As a further indication of potential pollution, only 20% of colonies 

of the threatened elkhorn coral (Acropora palmata) had reproductive gamete development during the 

annual spawning period, which was the lowest of 34 other populations tested throughout the 

Caribbean (C. Woodley, unpublished data). Such reproductive inhibition can occur in corals exposed 

to toxins and endocrine disruptors, such as has been associated with oxybenzone in artificial human 

sunscreens (Downs et al. 2016). 

Sites inside the Salt River Bay 

Sites inshore from the Salt River canyon show more impacts from restricted circulation and land-

based sources of pollution. A time series of water quality from 2000ï2018 at four sites within SARI 
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illustrates the spatial variability in water quality and deviations from conditions consistent with 

contact recreation and maintenance of marine life (Figure 4.2.1.2). The sites tended to be fully 

marine, as indicated by salinity values greater than 30 ppt. Values of pH were also consistent with 

tropical marine waters (near 8.0). Some deviations from water quality standards to more neutral pH 

conditions (Ò 7; 15 of 312 readings) and very basic pH conditions (Ó 8.3; 55 of 312), were likely due 

to sensor calibration issues, since it would be very unusual to have these values in marine waters, 

salinity was normal in these periods, and the deviations occurred across all sample sites on the same 

day (i.e., the same sensor had unusual values at multiple sites on the same day under the same 

calibration). The more oceanic Columbus Landing monitoring site tended to have low values of total 

suspended solids and turbidity. The sites Salt River Bay and the Salt River Marina had periods with 

very high total suspended solids and turbidity, and low dissolved oxygen. In particular, Salt River 

Bay and Salt River Marina had 13% and 57%, respectively, of dissolved oxygen values below the 

critical level of 4.8 mg Lī1 for fishes (Prince and Goodyear 2006; Figure 4.2.1.2). However, these 

sites are exempted from the USVI Class B water quality standard of 5 mg Lī1 (USVI 2019). All sites 

showed periods with enterococcus values higher than recommended for contact recreation (35 cfu 

100 mLī1). Periods exceeding recommended enterococcus values were highest (30%) at Salt River 

Marina, followed by Salt River Bay (15%), Columbus Landing (14%), and Columbus Landing Beach 

(9%). 

Water column nutrients tended to be low when monitored in SARI (Figure 4.2.1.3). Kjedahl nitrogen 

had 76% of values below lower detection limits. There were occasional spikes of higher nutrients at 

the Salt River Marina station (3 of 20 samplings) and one high value at the Columbus Beach station. 

Total nitrogen was above lower detection limits across all sites, but all values were still less than 1mg 

Lī1 and mean values (0.39 ± 0.11 SD) was near detection limits (0.245 mg Lī1). Phosphorus 

concentrations were also low across stations, with a mean = 0.033 mg lī1 ± 0.080 SD. Values of 

0.033 mg Lī1 are at a purported threshold for soluble reactive phosphorus concentrations for 

Caribbean coral reefs above which macroalgal growth may be stimulated (Lapointe 1997). 
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Figure 4.2.1.2. Water quality time series compendium from SARI sites listed in Table 4.2.1.2. For 

dissolved oxygen, the percentage of values that fall below 4.8 mg Lī1, the EPA value indicating 

impairment (USEPA 2000), are indicated by a red line on the dissolved oxygen figure panel. Fecal 

indicator values above 35 cfu 100 mLī1 suggest marine waters with elevated risk for contact-related 

human illness (USEPA 2012) and are indicated by a red line on the enterococcus figure panel. Site codes 

are Columbus Landing (STC-18), Salt River Marina (STC-33), Columbus Landing Beach (STC-33A), and 

Salt River Bay (STC-33B). Not all sites had representation of the full suite of water quality variables. 
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Figure 4.2.1.3. Water column nutrient concentrations from three long-term stations in SARI. Total 

Kjeldahl nitrogen (detection limit 0.09 mg Lī1) was recorded from Dec. 12, 2013 to Jan. 23, 2018. Total 

nitrogen (detection limit 0.24 mg Lī1) was recorded from May 7, 2018 onwards. Phosphorus (detection 

limit 0.0007) was recorded from 2013 to 2018. Site codes are Salt River Marina (STC-33), Columbus 

Landing Beach (STC-33A), and Salt River Bay (STC-33B). Data displayed in the graphs were retrieved 

from USEPA STORET https://www.waterqualitydata.us. 

Indirect indicators of water quality showed possible issues with pollution inside Salt River Bay and 

the surrounding embayments. The sites Salt River Marina, Sugar Bay, and Triton Bay all had low 

foraminiferal index scores that could suggest high organic content in the sediment and high turbidity 

in the water column (Bayless 2019). The SARI sites Bioluminescent Pond (just north of Triton Bay), 

Salt River Marina, and Sugar Bay had sediment porewater with total phosphorus concentrations of 51 

µg Lī1, 121 µg Lī1, and 100 µg Lī1, respectively, which are above guidelines (50 µg Lī1) for Class A, 

B, and C waters in the USVI (May and Woodley 2016). Ammonia-nitrogen, un-ionized ammonia, 

nitrite-nitrogen and inorganic phosphate were all in acceptable ranges. In a comprehensive survey of 

over 270 contaminants in SARI sediments inside Salt River Bay and surrounding embayments, Pait 

et al. (2020) found low to moderate concentrations relative to sediment quality guidelines. Sampling 

was conducted in September 2018 a year after impacts from Hurricane Maria, which may have 

homogenized surficial sediments within SARI (Pait et al. 2020). However, zinc and copper in the 

https://www.waterqualitydata.us/
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marina area were above or near concentrations at which impacts on organisms are expected. In 

addition, HRGS P450 assays, which indicate the presence of xenobiotic organic compounds, showed 

the presence of organic contaminants in the Marina area and Bioluminescent Pond that were not 

detected in the full contaminant scans (Pait et al. 2020). These two areas also had low benthic 

infaunal diversity, which can also indicate impacts for contaminants and/or low water quality. In 

addition, the anaerobic bacteria Clostridium perfringens associated with fecal wastes of humans and 

domestic and wild animals were detected in sediments across inner SARI, a possible indication of 

sewage pollution (Pait et al. 2020). 

Threats and Stressors 

Water quality at SARI is threatened by land-based sources of pollution. These pollutants may 

originate from upland agricultural activities, septic leaching fields from private residencies within the 

watershed (including terrestrial and live aboard boats), upstream sources associated with residences 

and the town of Christiansted, and contaminants from industry in the marina (Z. Hillis-Starr 2020, 

personal communication). This is particularly true for sites located landward of the barrier reef at the 

mouth of Salt River Bay. Water quality at coral reef sites is less threatened by land-based sources of 

pollution relative to the sites inside Salt River Bay. However, sediments associated with coral reefs 

show evidence of pollutants and this may be inhibiting coral reproduction. In addition, threats to the 

water quality for coral reefs in SARI comes from global factors related to greenhouse gas driven 

global warming and increasing carbon dioxide absorbed into seawater. Seawater temperature is 

detailed in Section 4.6.1. Ocean acidification is an emerging issue that will be a larger threat to stony 

corals and other calcifying organism in the future. 

Data Needs and Gaps 

The USVI Department of Planning and Natural Resources maintains an ambient water quality 

monitoring program that samples four sites within SARI and provides valuable information on water 

quality. However, the program is not comprehensive, as it does not sample coral reef areas around 

the canyon, has periodic lapses in sampling, and is episodic, potentially missing key acute events that 

impact water quality. An NPS led water quality sampling program with deployed sensors and 

discreet water samples would be a valuable addition to establish trends in water quality for SARI and 

could focus more preserving water quality for flora and fauna as opposed to human health. In 

particular, coral reef locations are very under sampled for water quality. A now decommissioned 

oceanographic station (Salt River ICON; https://data.noaa.gov/dataset/dataset/salt-river-bay-st-croix-

u-s-virgin-islands) provided valuable continuous and real-time information on water temperature, 

salinity, light, winds, currents, etc. This site could be restored with logging sensors and frequent 

water sample collection to target other variables important to marine life and comparable with efforts 

of DPNR (e.g., total suspended solids and fecal indicators). This could also include deployed sensors 

for chlorophyll and turbidity and the use of remote sensing to detect water color. A calibration of 

satellite sensors was recently conducted for the northern USVI. This project could be a starting point 

for monitoring using remote sensing tools (Brandt et al. 2019). Furthermore, measurement of pH, 

alkalinity, and other variables related to the carbonate chemistry and aragonite/calcite saturation state 

would assist in understanding the emerging threat of ocean acidification to the calcifying organisms 

of SARI. Lastly, indications from recent studies on potential contaminants/pollutants and their 

https://data.noaa.gov/dataset/dataset/salt-river-bay-st-croix-u-s-virgin-islands
https://data.noaa.gov/dataset/dataset/salt-river-bay-st-croix-u-s-virgin-islands
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impacts on sensitive biota, such as stony corals, merits follow up work to identify toxins and mitigate 

their impacts. 

Overall Condition 

The water quality of SARI is poor to moderate, depending strongly on the physical location within 

the park (Table 4.2.1.3, Table 4.2.1.4). Oceanic-influenced areas appear to have good water quality, 

consistent with contact recreation and maintenance of marine life. However, indicators point to 

potential toxins in sediments and impacts on sensitive stony corals. Farther inshore and inside 

embayments there are indications of water quality that is potentially harmful for contact recreation 

and marine life. Threats to current conditions offshore are largely derived from upland and upstream 

sources of pollution, and regional and global changes associated with human-induced climate change 

and ocean acidification. Threats to current condition inshore are related to increase land-development 

and human population pressures. 

Table 4.2.1.3. Graphical summary of status and trends for Water Quality outside Salt River Bay. 

Component Indicator 

Condition Status 

/Trend Rationale and Reference Conditions 

Water Quality 

(outside Salt River 

Bay) 

Fecal Indicator 

Bacteria 
 

Conditi on of resource warrants  moderate concern; condition is  unchanging; m edium confi dence in the assessment. 

There are indications of nutrient pollution from 

sewage and impacts related to storm water 

discharge 

Dissolved Oxygen 

 

Resource is i n good conditi on; conditi on is unchanging; medium  confi dence i n the assessm ent. 

Oceanic influenced areas have consistently good 

values. There do not appear to be strong trends in 

values over time. 

Total Suspended 

Solids 
 

Resource is i n good conditi on; conditi on is unchanging; medium  confi dence i n the assessm ent. 

Total suspended solids are low in more oceanic 

areas. There do not appear to be strong trends in 

values over time. 

Turbidity 

 

Resource is i n good conditi on; conditi on is unchanging; medium  confi dence i n the assessm ent. 

Oceanic influenced areas have consistently good 

values. There do not appear to be strong trends in 

values over time. 

Dissolved 

Nutrients 
 

Resource is i n good conditi on; conditi on is unchanging; medium  confi dence i n the assessm ent. 

These are typically near detection limits in most 

areas. However, they may be a poor metric of 

nutrient loading. 

Chlorophyll 

 

Conditi on of resource warrants  moderate concern; trend in condition is  unknow n or not applicabl e; l ow confidence in the assessm ent. 

Chlorophyll concentrations have not been assessed 

directly but would provide a useful proxy for nutrient 

loading. Observations of water color and clarity at 

offshore coral reef sites do not suggest high 

chlorophyll levels, but levels are likely to be much 

higher inshore. 

Sediments 

 

Conditi on of resource warrants  moderate concern; condition is  unchanging; m edium confi dence in the assessment. 

Terrestrial sediments have only been indirectly 

measured at one coral reef location and were low. 

There are indications of pollutants in some coral 

reef associated sediments 
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Table 4.2.1.4. Graphical summary of status and trends for Water Quality inside Salt River Bay. 

Component Indicator 

Condition 

Status 

/Trend Rationale and Reference Conditions 

Water Quality 

(inside Salt River 

Bay) 

Fecal Indicator 

Bacteria 
 

Conditi on of resource warrants  significant concer n; condition is deteriorating; m edium confi dence in the assessment. 

There are indications of fecal contamination for some 

sites that periodically exceed values considered a risk for 

human contact. Continued development and poor 

enforcement of septic discharge may contribute to 

increasing incidences of fecal contamination. 

Dissolved 

Oxygen 
 

Conditi on of resource warrants  moderate concern; condition is  unchanging; m edium confi dence in the assessment. 

Values in some constricted, low water exchange areas 

are consistently below values needed for support of 

marine life. There do not appear to be strong trends in 

values over time. 

Total Suspended 

Solids 
 

Conditi on of resource warrants  moderate concern; condition is  unchanging; m edium confi dence in the assessment. 

Total suspended can be high inside embayments. There 

do not appear to be strong trends in values over time. 

Turbidity 

 

Conditi on of resource warrants  moderate concern; condition is  unchanging; m edium confi dence in the assessment. 

Values in some constricted, low exchange areas are high 

and potentially harmful to photosynthetic organisms (e.g., 

foraminifera). There do not appear to be strong trends in 

values over time. 

Dissolved 

Nutrients 
 

Resource is i n good conditi on; conditi on is unchanging; medium  confi dence i n the assessm ent. 

These are typically near detection limits in most areas. 

However, they may be a poor metric of nutrient loading. 

Chlorophyll 

 

Conditi on of resource warrants  moderate concern; trend in condition is  unknow n or not applicabl e; l ow confidence in the 

assessm ent. 

Chlorophyll concentrations have not been assessed 

directly but would provide a useful proxy for nutrient 

loading. Levels are likely high inside Salt River Bay. 

Sediments 

 

Conditi on of resource warrants  moderate concern; condition is  unchanging; m edium confi dence in the assessment. 

There are indications of contaminants in some sediments 

and toxic effects on organisms. Effects of terrestrial 

sediments have not been evaluated inshore. 

 

Source(s) of Expertise 
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¶ Benjamin Keularts, Division of Environmental Protection, USVI Department of Planning and 
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4.3. Surface Hydrology 

There are no perennial streams in the Virgin Islands, and most natural surface-water drainages 

remain dry for long periods of time. A few streams are intermittent that is they flow year-round in 

some reaches. Jolley Hill Gut on St. Croix, once reported to be perennial, is the only intermittent 

stream in the Island (USGS 1999). On an annual basis, in most natural surface drainage channels 

water flows only during episodes of intense precipitation. Because of the impermeable underlying 

volcanic rocks, floodwaters accumulate and recede rapidly, generally in less than one day. In a year 

of average rainfall annual runoff ranges from about 2 to 8 percent of the rainfall, which is about 1.25 

to 5 cm (0.5 to 2 in), depending on conditions in a particular basin. Mostly the topography, but also 

soil moisture, local evaporation rates, and vegetation cover control runoff flowing into the SARI 

premises. Normally, total runoff from individual storms exceeds 10 percent of the rainfall and can be 

as high as 30 percent when rainfall is intense and soil moisture demands are low (USGS 1999). On 

St. Croix, part of the runoff is stored in ponds for agricultural uses. However, when floodwaters 

reach the coastal areas, they overflow existing salt ponds and provide freshwater inflow to 

embayments that support mangrove stands and coral reefs (USGS 1999). 

The Salt River is not a perennial river, but it flows during certain periods of the year, mostly during 

the occurrence of extreme rainfall events. During these periods, surface runoff from the Salt River 

watershed (Figure 4.3.0.1) converges into the natural surface drainage channels of the basin. The Salt 

River watershed drains an area of approximately 1,360 ha. There are no periodic measurements of 

the flow of Salt River. The only long-term discharge observations available were made by the USGS 

for the period starting September 1, 1991, and ending September 29, 1993 (USGS 2019, Figure 

4.3.0.2). Average daily flow was derived from measurements taken at the USGS station number 

50348000 Salt River at Cannan, St. Croix USVI. The location of the station is shown in Section 

4.3.1. However, the registered data do not cover the entire two-year period; these are substantial time 

intervals lacking information. The average flow over the observation period was 49 ft3/s (cubic feet 

per second). The gage height reading during this time oscillated from 14.90 m (48.89 ft) over the 

period August 06ï17, 1993 to 14.96 m (49.07 ft) over the period October 03ï05, 1992. USGS station 

no 50348000 is presently inactive. 
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Figure 4.3.0.1. Map showing the watersheds of the island of St. Croix and depicting the location of the 

Salt River watershed (modified from WRI and NOAA 2005). 

 

Figure 4.3.0.2. Measured flow at the location of the USGS station 50348000, Salt River at Cannan, St. 

Croix USVI (USGS 2019). 

The Mon Bijou flood control project, completed in 2006, was constructed by the United States Army 

Corps of Engineers (USACE) in the upper reaches of the Salt River watershed to address flooding in 

residential areas (see Section 4.3.1). The Mon Bijou Levee System extends approximately 483 m (0.3 

miles) along the right bank of Salt River, located at the north end of the Mon Bijou residential 

community (FEMA 2020). The projectôs function is to divert rainwater through a series of gabion 

structures before reconnecting with the Salt Run, decreasing water flow rate and transport of 
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sediment through the gut, and potentially impacting the mangroves in Sugar Bay, as loss of terrestrial 

sediments decrease the magnitude of vertical sediment accretion in the mangroves (K. Whelan 2021, 

personal communication). The Mon Bijou System is continuous and uniformly constructed. It 

reduces flood hazards, but does not completely prevent these during extreme rainfall episodes, such 

as during the passage of hurricanes (FEMA 2020). 

4.3.1. Watershed Condition 

This section reviews the condition of the Salt River watershed. The condition assessment considers 

land use data for the years. 2002, 2007, and 2012. The state of the watershed is typically evaluated 

using metrics that detect changes originated by stressors such as unsustainable or poorly planned 

developments, population growth, erosion, among others. The condition metric selected for this 

resource is land use change. Changes in land use are viewed for the periods 2002ï2007 and 2007ï

2012, and these are compared to a 2016ï2018 composite ESRI basemap. The data to assess the status 

of the land use in the watershed was obtained from the National Oceanic and Atmospheric 

Administration (NOAA 2002, 2007, 2012). Temporal trends in condition metrics were evaluated 

using the land use change for the referred periods. Unfortunately, no detailed surveys exist after 

2012, which would allow a more precise evaluation of the watershed at present. 

Description 

The Salt River watershed is located in the central northern part of St. Croix (Figure 4.3.0.1). The 

percentage of land of the Salt River watershed, equivalent to 1,360 ha (13.6 km2ðsquare 

kilometers), occupied by SARI is 14.87%. Within the Salt River watershed, SARI is located in the 

northeastern corner (Figure 4.3.1.1). 
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Figure 4.3.1.1. Salt River watershed (depicted with grey shading). Watershed, river, and smaller 

catchments were delineated in ArcGIS using Saint Croix DEM (St. Croix, U.S. Virgin Islands Coastal 

Digital Elevation Model ï CKAN (data.gov)). 

Human activities in watersheds influence the natural communities in them and affect ecological 

systems downstream. Similarly, changes in the landscape due to human interventions impact 

estuarine and other marine environments in coastal areas and adjacent zones. The more developed the 

watershed, the greater tends to be the intensity of the impact (Oliver et al. 2011). Land-based 

pollution constituted an important threat to delicate marine ecosystems such as corals (Emis et al. 

2016). Pollution comes in the form of water-borne contaminants, sediments, debris, and other forms 

of exogenous materials. Pollutants may reach SARI via the discharge of the Salt River or surface 

runoff from neighboring areas surrounding the park (NPS 2015). 

There are relatively few studies of the land cover/use of the Island of Saint Croix (University of the 

Virgin Islands 2001; Kendall et al. 2005; Moser et al. 2011). A first comprehensive data set 

organized in a common GIS geodatabase framework was put together by the Conservation Data 
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Center (CDC) of the University of the Virgin Islands. Vegetation maps created from 1995 aerial 

photographs were produced as part of the Rapid Ecological Assessment for St. Croix (University of 

the Virgin Islands 2001). Figure 2.2.1.2 presents land use for the Salt River watershed derived from 

the referred data set, while Table 2.2.1.2 provides the area of the watershed occupied by the various 

defined categories of land use. 

In the early 2000s, the National Oceanic and Atmospheric Administration (NOAA) Biogeography 

Program, in consultation with the National Park Service (NPS) and the Government of the Virgin 

Islands Department of Planning and Natural Resources (VIDPNR), conducted an ecological 

characterization of SARI. This initiative consisted of three complementary components: a text report, 

digital habitat maps, and a collection of historical aerial photographs (Kendall et al. 2005). Literature 

review and year 2000 aerial photography were the base sources of information for the 

characterization of vegetation, land use, and soils in SARI resulting from this study. These results 

were also verified during field surveys carried out in 2004 (Kendall et al. 2005). Figure 2.2.1.1 in 

Section 2.2.1 of this report presents the Ecological Units within SARI based the data collected in 

2000 and published 2005 (Kendall et al. 2005; NCCOS 2019). Using the same data, Table 2.2.1.1 

presents the area of the park occupied by the various defined ecological units. 

The two studies referenced in the previous paragraphs provided important information on the land 

cover/use of the Salt River watershed (University of the Virgin Islands 2001) and of SARI (Kendall 

et al. 2015). However, it is difficult to infer land use changes over time based on their maps and 

classification schemes because the scope and scale of their efforts differed and the intent of their 

respective characterizations was different. Therefore, for the purpose of analyzing changes in land 

use/cover over time, NOAA Office of Coastal Management (https://coast.noaa.gov/) data was used. 

Land use/cover data have been used to determine the influence of anthropogenic modifications of the 

landscape on natural environments (Richmond et al. 2007; Oliver et al. 2011; Sabine et al. 2015; 

Donoso 2020). An indicator of anthropogenic activity calculated from land use/cover data used in 

various studies is the landscape development intensity (LDI) index (Brown and Vivas 2005; Oliver et 

al. 2011; Donoso 2020). The LDI has been used to define the relationship between modifications of 

the landscape due to human interventions and indicators of the health of natural ecosystems (Reis and 

Brown 2007; Oliver et al. 2011). In a study by Oliver et al. (2011), the LDI index was proven to be 

ñmore robust than other indicators of human activity, exhibiting negative correlations with stony 

coral colony density, taxa richness, colony size, and total coral coverò. 

Data and Methods 

The land cover maps for SARI presented in this section were derived from the NOAA Coastal 

Change Analysis Program (C-CAP) national standardized land cover and change products for the 

coastal regions of the U.S. C-CAP products inventory coastal intertidal areas, wetlands, and adjacent 

uplands with the goal of monitoring changes in these habitats. The timeframe for this data is 2002, 

2007, or 2012 (depending on the exact date of imagery used). These maps are developed through the 

automated classification of high resolution National Agriculture Imagery Program (NAIP) imagery, 

available Lidar digital elevation data, and assorted ancillary information (NOAA 2002, 2007, 2012). 

https://coast.noaa.gov/
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Figure 4.3.1.2 depicts land cover/use in 2002, 2007, and 2012 for SARI. Similarly, Figure 4.3.1.3 

shows the Salt River watershed land cover/use in 2002, 2007, and 2012. Figure 4.3.1.4 provides a 

more recent perspective of the land cover of the Salt River watershed. This image is derived from an 

ESRI basemap 2016ï2018 composite. The majority of the watershed map was derived from 2016 

aerials and only the urban section located in the southwest used aerial imagery from 2018. 

 

Figure 4.3.1.2. SARI land cover/use in 2002 (left panel), 2007 (middle panel), and 2012 (right panel). 

Land cover data from NOAA C-CAP 2002, 2007, and 2012. 
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Figure 4.3.1.3. Salt River watershed land cover/use in 2002 (upper panel), 2007 (middle panel), and 

2012 (lower panel). Land cover data from NOAA C-CAP. 2002, 2007, and 2012. Salt River watershed 

and smaller catchments were delineated in ArcGIS using the St. Croix DEM (St. Croix, U.S. Virgin Islands 

Coastal Digital Elevation Model ï CKAN (data.gov)). 
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Figure 4.3.1.4. Salt River watershed on aerial imagery. Watershed border represented by the orange 

line. Salt River main surface drainage channels depicted by blue line. Boundary of SARI represented by 

the yellow hatched line. Basemap: 2016ï2018 composite ESRI. Salt River watershed and smaller 

catchments were delineated in ArcGIS using the St. Croix DEM (St. Croix, U.S. Virgin Islands Coastal 

Digital Elevation Model ï CKAN (data.gov)). 

Changes in land use/cover in the Salt River watershed were defined for the periods 2002ï2007 and 

2007ï2012, by comparing the land use/cover in the first year to the land use/cover of the last year of 

any given period. Changes in land use/cover for the Salt River watershed and SARI are captured in 

the maps provided in Figures 4.3.1.5 and 4.3.1.6 respectively. 

Landscape development intensity (LDI) coefficients calculated by Oliver et al. (2011) using the 

Brown and Vivas (2005) methodology were assigned to each land use/cover type based on the 

classifications adopted by the NOAA Coastal Change Analysis Program. Table 4.3.1.1 presents the 

LDI coefficients assigned to each land cover/use class and the percentage of area corresponding to 

each class in the Salt River watershed. Similarly, Table 4.3.1.2 presents the LDI coefficients assigned 
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to each land cover/use class and the percentage of area corresponding to each class in SARI. An area-

weighted LDI index was calculated for each for the Salt River watershed and SARI as follows: 

ὒὈὍ ϷὒὟ ὒὈὍ ρππ 

where 

 LDITOTAL  = area-weighted landscape development intensity (LDI) index for watershed/park 

%LUi = percent watershed (or park) land area in land use i, and 

LDI i = landscape development intensity (LDI) coefficient for land use i 

Table 4.3.1.1. LDI coefficients assigned to each land cover/use class and the percentage of area 

corresponding to each class in the Salt River watershed (modified from Donoso 2020). Percent of the 

surface of the watershed for a given land use /cover class was derived from NOAA C-CAP 2002, 2007, 

2012. 

Land use /cover class 

LDI 

coefficient 

Percent of the surface of the watershed for a 

given land use /cover class (%) 

2002 2007 2012 

Bare Land 1.85 0.29 0.41 0.23 

Cultivated Crops 4.42 0.79 1.08 0.93 

Deciduous Forest 1.00 36.79 37.49 37.86 

Developed, Open Space 1.85 7.82 7.83 8.18 

Estuarine Emergent Wetland 1.00 0.01 0.01 0.01 

Estuarine Forested Wetland 1.00 1.02 1.02 1.22 

Estuarine Scrub/Shrub Wetland 1.00 0.06 0.06 0.02 

Grassland/Herbaceous 2.06 2.32 2.92 1.80 

Impervious Surface 8.28 8.88 9.46 9.61 

Open Water 1.00 0.42 0.43 0.29 

Palustrine Emergent Wetland 1.00 0.04 0.04 0.04 

Palustrine Forested Wetland 1.00 0.99 0.99 0.99 

Pasture/Hay 3.03 12.82 5.75 4.95 

Scrub/Shrub 2.06 27.68 32.44 33.80 

Unconsolidated Shore 1.00 0.06 0.06 0.06 
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Table 4.3.1.2. LDI coefficients assigned to each land cover/use class and the percentage of area 

corresponding to each class in SARI. Percent of the surface of the watershed for a given land use /cover 

class was derived from NOAA C-CAP 2002, 2007, and 2012. 

Land use /cover class 

LDI 

coefficient 

Percent of the surface of the watershed for a 

given land use /cover class (%) 

2002 2007 2012 

Bare Land 1.85 2.32 2.41 2.59 

Deciduous Forest 1.00 21.71 22.73 22.73 

Developed, Open Space 1.85 2.05 2.04 2.26 

Estuarine Emergent Wetland 1.00 0.06 0.06 0.06 

Estuarine Forested Wetland 1.00 9.44 9.44 12.77 

Estuarine Scrub/Shrub Wetland 1.00 1.38 1.38 1.61 

Grassland/Herbaceous 2.06 9.22 7.71 7.58 

Impervious Surface 8.28 2.22 2.26 2.43 

Open Water 1.00 23.17 23.06 19.49 

Palustrine Emergent Wetland 1.00 0.21 0.21 0.21 

Palustrine Forested Wetland 1.00 6.87 6.87 6.87 

Scrub/Shrub 2.06 20.70 21.22 20.80 

Unconsolidated Shore 1.00 0.60 0.61 0.61 

 

Reference Conditions/Values 

The reference condition selected for the Salt River watershed was the condition of the basin in 2002, 

as derived from the NOAA Coastal Change Analysis Program (C-CAP) national standardized land 

cover product (NOAA 2002). The upper panel of Figure 4.3.1.3 shows the Salt River watershed land 

use in 2002. Within the boundaries of SARI, the land cover in 2002 can be observed in the left panel 

of Figure 4.3.1.2. The percent of the surface of the Salt River watershed for any given land use /cover 

class in 2002 is depicted in Table 4.3.1.1. Similarly, the percent of the surface of SARI for any given 

land use /cover class in 2002 is indicated in Table 4.3.1.2. The landscape development intensity 

(LDI) index calculated for the Salt River watershed for the year 2002 land use/cover of the Salt River 

watershed was used to represent the reference condition of human activity in the basin (Donoso 

2020). Table 4.3.1.3 presents the LDI index of the Salt River watershed and SARI in 2002, 2007, and 

2012. 

Table 4.3.1.3. Landscape development intensity (LDI) index of the Salt River watershed and SARI in 

2002, 2007, and 2012. 

Geographical unit 

Landscape development intensity (LDI) index 

2002 2007 2012 

Salt River watershed (Donoso 2020) 2.32 2.38 2.28 

Salt River Bay National Historical Park and 

Ecological Preserve (SARI) 
1.52 1.51 1.52 
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Current Condition and Trend 

The examination of the land use/cover of the Salt River watershed for the period 2002ï2012 (Figure 

4.3.1.3) shows that there have been relatively small variations in the landscape over the 10 years. 

Changes in land use/cover for the Salt River watershed are shown in the maps provided in Figure 

4.3.1.5. The analysis of these two sets of maps (Figures 4.3.1.3 and 4.3.1.5) indicates that changes 

occurred over the period 2002ï2007 in the central and southern part of the basin. For the period 

2007ï2012, changes are localized in the south and southeast part of the basin, and along the upper 

half of the main Salt River drainage channel. Over the entire period (2002ï2007), deciduous forest 

had the highest percentage of surface covered by an individual land use class or category, with a 

slight increase. In 2002, deciduous forests covered 37% (500 ha) of the surface of the Salt River 

watershed, 37.5% in 2007, and 39% (515 ha) in 2012. Scrub / shrub with a 27.7% (376.5 ha) 

coverage occupied the second largest area in percentage of the watershed surface in 2002. This type 

of vegetation has also expanded, occupying 32.4% (441.2 ha) of the surface of the watershed in 

2007, and 34% (460 ha) in 2012. Pastures have declined in the watershed from covering a surface of 

174 ha in 2002 (13% of the watershedôs area) to occupying almost half this area, namely 67.3 ha 

(5%) in 2012. Grasslands increased over the period 2002ï2207, from a surface of 31.6 ha, in 2002, to 

39.8 ha in 2007, but subsequently declined to 24.4 ha in 2012. A similar trend was observed with 

cultivated crops; these increased their area coverage from 10.7 ha, in 2002, to 14.7 ha in 2007, but it 

declined to 12.6 ha in 2012. Likewise, bare land patches, which occupy a small percentage of the 

watershed (less than 40%), covered a total surface of 3.9 ha in 2002, 5.5 ha in 2007, and 3.1 ha in 

2012. 

Percent impervious surface is a relatively good indicator of surface water pollution in watersheds 

(Brown and Vivas 2005) and coastal areas. Clearing landscapes, creating impervious surfaces, and 

applying chemicals (pesticides, herbicides, and fertilizers) could simultaneously accelerate terrestrial 

runoff of sediments and associated chemical pollutants which cause decline in downstream 

ecosystems and in coastal zones habitats (Richmond et al. 2007; Oliver et al. 2011). As a measure of 

the intensity of human use of landscapes in the Salt River watershed, Oliver et al. (2011) calculations 

yielded the highest LDI coefficient value for impervious surfaces (8.28). Consequently, the increase 

of impervious surfaces cover could cause a decline in the wellbeing of humans and ecosystems in the 

watershed. The cover of impervious surfaces increased from 120.8 ha in 2002 to 128.7 ha in 2007, 

and 130.73 ha in 2012. This represents an increase of 10 ha in this category. By the end of 2012, 

impervious surfaces covered almost 10% of the area of the Salt River watershed. In terms of area 

covered by human developments and open spaces (classification ñdeveloped, open space), the total 

surface did not change for the period 2002ï2007, remaining equal to 106.40 ha (7.8% of the surface 

of the basin); for the period 2007ï2012, the area increased slightly, reaching 111.3 ha (8.2% of the 

basin). The total area covered by impervious, developed and open space surfaces was 227.2 ha, 235.3 

ha, and 142 ha in 2002, 2007, and 2012, respectively, for a total gain of approximately 15 ha. 
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Figure 4.3.1.5. Changes in land use/cover for the Salt River watershed over the period 2001ï2007 

(upper panel) and 2007ï2012 (lower panel). Land cover data from NOAA C-CAP. 2002, 2007, and 2012. 

Watershed boundary: red hatched line. Salt River watershed and smaller catchments were delineated in 

ArcGIS using the St. Croix DEM (St. Croix, U.S. Virgin Islands Coastal Digital Elevation Model ï CKAN 

(data.gov)). 

The total land cover of palustrine wetlands (emergent and forested) and estuarine emergent wetlands 

did not change over the period 2002 to 2012. Similarly, land covered by estuarine forested and 

scrub/shrub wetlands remained the same over the period 2002ï2007. However, for the period 2007ï

2012, the land cover of estuarine forested wetlands increased from being 1313.9 ha to 16.6 ha, while 

the area of estuarine scrub/shrub wetlands declined from almost 1 ha to less than 0.4 ha. As of 2002, 

the total area of wetlands in the watershed was 28.9 ha and in 2012 it was 31.1 ha, an increase of 2.2 

ha. Correspondingly, the total area of wetlands and forests in the Salt River watershed at the 

beginning of the study period was 529.4 ha (equivalent to 39% of the surface of the basin) in 2002, 
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and in 2012, it was 546.1 ha (equivalent to 41.2% of the surface of the basin) which depicts an 

increase in cover of 16.7 ha (1.2% of the basin). Table 4.3.1.4 shows the change in land use trend for 

the various class of cover. 

Table 4.3.1.4. Change in land use trend for various class of cover. Up arrow depicts cover area increase. 

Down arrow depicts cover area decrease. Horizontal double-sided arrow depicts no cover area change. 

Land use / cover class Arrow Direction 

Bare Land 
 

Blue dow n arrow =  cover area decrease.  

Cultivated Crops 
 

Blue up arrow  = cover ar ea incr ease.  

Deciduous Forest 
 

Blue up arrow  = cover ar ea incr ease.  

Developed, Open Space 
 

Blue up arrow  = cover ar ea incr ease.  

Estuarine Emergent Wetland 
 

Blue horizontal arrow  = no cover area change.  

Estuarine Forested Wetland 
 

Blue up arrow  = cover ar ea incr ease.  

Estuarine Scrub / Shrub Wetland 
 

Blue dow n arrow =  cover area decrease.  

Grassland / Herbaceous 
 

Blue dow n arrow =  cover area decrease.  

Impervious Surface 
 

Blue up arrow  = cover ar ea incr ease.  

Open Water 
 

Blue dow n arrow =  cover area decrease.  

Palustrine Wetland (Emergent & Forested) 
 

Blue horizontal arrow  = no cover area change.  

Pasture / Hay 
 

Blue dow n arrow =  cover area decrease.  

Scrub / Shrub 
 

Blue up arrow  = cover ar ea incr ease.  

Unconsolidated Shore 
 

Blue horizontal arrow  = no cover area change.  

 

In summary, although there were changes in 17.5% of the land use/cover of the Salt River watershed 

for the period 2002ï2012, these were not major changes in general. The most prominent one-

category of land use changes correspond to the 83 ha increase of scrub/shrub coverage and the 107 ha 

decrease of pastures. Overall, there was a net gain of combined acreage of wetlands and deciduous 

forest of a little less than 17 ha. This increase slightly surpasses the increase in developed, open space 

and impervious surfaces, but is not significant enough to report an improvement on the condition of 
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the watershed over the ten year period (2002ï2012). All other changes increase or decrease of 

coverage were less than 15 ha, equivalent to a bit over 1% of the surface of the watershed. In terms 

of the impact of the observed land use/cover changes to the condition of the watershed from the 

perspective of the landscape development intensity (LDI), these are not significant. The value of the 

LDI index was calculated as 2.32, 2. 39, and 2.28, for the year 2002, 2007, and 2012, respectively 

(Donoso 2020). Oliver et al. (2011) calculated the LDI index to be 2.35 for 2007. The decrease of the 

LDI index over the last five years of the study period is not statistically significant to indicate a 

positive trend in the condition of the watershed due to a lesser effect of anthropogenic modifications 

to the landscape. 

Comparing the land cover through the period 2002ï2012 (refer to Figure 4.3.1.3) with the image 

shown in Figure 4.3.1.4, we observe that most of the Salt River watershed is covered by vegetation. 

Human settlements continue to be concentrated in the southern part of the watershed. Overall, the 

surface covered by vegetation and populated areas appear to have remained almost the same from 

2012 to the date of the ESRI image composite (2016ï2018). However, the lack of a more recent land 

use/cover survey impedes carrying out a detailed analysis such as the one carried out for the period 

2002ï2012. To determine the landscape development intensity of the watershed, it is necessary to 

have a detailed characterization of the spatial distribution of the various classes of land uses/covers 

present in the basin (Oliver et al. 2011; Donoso 2020). 

Changes in land use/cover for SARI are shown in the maps provided in Figure 4.3.1.6. The 

observation of these two maps show that there are very few detectable changes in land cover SARI 

over the period 2002ï2012. The more recent land cover image (Figure 4.3.1.4) shows that area 

within SARI continues to be covered by woody vegetation, which is consistent with the land cover 

shown in maps on Figure 4.3.1.2. This observation is consistent with previous studies (Moser et al. 

2011) indicating that semi-deciduous forest sub-formation accounts for more than 80% of that 

habitat. 
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Figure 4.3.1.6. Changes in land use/cover for SARI over the period 2002ï2007 (left panel) and 2007ï

2012 (right panel). Land cover data from NOAA C-CAP 2002, 2007, and 2012. 

Threats and Stressors 

The Salt River watershed contains a variety of habitats and ecosystems. In parallel, it also houses 

dwellings, commercial buildings and other developments. Human activities in the watersheds could 

affect natural communities downstream and the ecological systems within SARI. Changes in land 

use/cover due to human interventions could positively or negatively impact the watershed condition, 

as well as estuarine and other marine environments in coastal areas and adjacent zones (Donoso 

2020). 

Population growth could also be threat to the condition of the watershed. According the 2010 Census, 

the population at the time in St. Croix's population was 50,601 (US Census Bureau 2010). However, 

with the exodus that occurred after passage of Irma and Maria in 2017, the population in the Virgin 

Island had decreased. Furthermore, tourism was reduced due to the impact of the storms to 

hospitality facilities and services (USVI HRRTF 2018); consequently, the stress related to this 

industry was reduced. Similarly, today, with the advent of the COVID-19 health crisis, the influx of 

tourists, which was slowly picking up after the 2017 hurricane-related decline, has once more 






















































































































































































































































