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Executive Summary

Natural Resourc€ondition Assessments (NRCASs) 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 tingt foabagement
of the resources within a unit. Salt Rigay National Historical Park and Ecological Preserve
(SARI) is al,015acre uniocated within the Caribbean, situated on the north side of the island of
St. Croix. Consisting of both mariad terestrial components, environments of SARhgein
elevation from200 mbelow mean sea levalong the north edge of the Salt River Canyon t:83
above sea level in tremideciduous tropicdbrest. Marine communitiesccount for more than

60% of the aga of the Park andclude ®ft bottom habitats predominantly occupied by seagrasses
and hardbottom habitat®lonizedby coralreefs.Terrestrialhabitats are dominated lopland

forests, mangroves, shrublands, and grasslands.

The SARI NRCA considers 1béal resources within the Park categorized as gitbeainingto the
supporting environment or biological integrity. These include shoreline dynamaites, quality, and
watershed dynamics in the framework category of supporting environment, and masgnove
deciduous dryorest,coastal grassland, macroalgseagrass, coralgueen conch, aneef fish, in

the framework category of biological integrity. Full assessments were conducted for alliatealve
resources excefor queen conch which asrestricted to a limited assessment due to #ta d

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 theParkare discussed separately and include impacts of hurricanes/tropical $amans,

coverland usechanges, and human interactions related to boat traffic, marine debris, and poaching.

Assessment of the focal resources in the Park resulted inajoeity, 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, detierating, 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, aidj@msgand)

and two supportingnvironmentswatershed condition and shoreline dynamidgith the exception

of coastal grasslands (which warrant significant concern), the other terrestrial focal resources were
considered to be of moderate concermgoal 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 andcalgae 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 hitane damage, increasing sea surface temperatures, contaminants,
introduction of invasive specigand continued fishing pressure.
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Shoreline dynamics asassessed as being in both good conditiontewthg an improving trend
attributable tdncreasingshaeline 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 othecengwer the overall

land accretionthatis happening at a steady paespecially in the northeast area of Ragk, to be an
improving trend as it supports terrestrial resources, providing land for mangrove colonization on
mudflats and shorebird use camsly/gravel shorelineSimilarly, 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 (1988hd have expandesttaward ontaccretecsedimentand
landward with rising sea level.oastal grasslands are the tHimdal resource assessed with an
improving trend ircondition The improving trend is a direct result of management actions that have
reduced nomative invasive plant species, combined witlefarestation effort focused on mixeldy
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 resofiroiggh level of confidence

was assignednly for the oralreeffocal resource and for shoreline dynamisree focal resources

had low confidence in the assessment, including: coastal grassland, conch, and seagrass. Given that a
minority of focal resources hadgh 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 asseRsenefure jmportant

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

Recommendations for future monitoring include the following: 1) design witegrated approach to
monitoring and data collection afarine focal reources of SARI, incorporatingetrics ofwater
quality, coral health and abundance, seagrass cover, and the presenepaiiveoinvasive species

2) expansion ofasearch on the use of the marine and terrestrial resources by visitors to estimate
benefts from ecosystem services providettlamount of anthropogenic pressure on the resp@jce
expansion of a permanent plot network throughout the terrestrial vegetation focal resources to
understand longerm changes species assemblages and abundajagsvell as tracking the
distribution of invasive plant speciesnd 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, sedimentand contaminants from the terrestrial to the-share marine
environmentExpansion of monitoring programs will add to the large body of research already
conducted within th@®arkand will be invaluable for understanding changes to these resources
realting from future hurricane disturbance, rising seasl 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 (NRCASs) evaluate current conditions for a subset of

natural resources and resource indicatorsat i on a | park units, hereafter
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 gj@ein pr

depend on the parkdés resource setting, status o
identifying highpriority indicators, and availability of data and expertise to assess current conditions

for a variety of potential study
resources and inchtors.

NRCAs Strive to Pr\(

NRCAs represent a relatively new,  Credible condition reporting for a subset of
approach to assessing and important park natural resources and indicators

reporting on park resource 1 Useful condition summaries by broader resource

conditions. They are meant to categories or topics, and by park areas
complemerd not replacé \ J

traditional issueand threabased
resource assessments. As distinguishing characteristics, all NRCAs:

f  Are multi-disciplinary in scopé;
Employ hierarchical indicator frameworks;
Identify or develop reference conditions/values for comparison against current contlitions;

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

= =4 =4 =4

Summarize key findingBy park areas; amd

1 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 aégmort 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

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

2 Frameworks help guideamuttii sci pl i nary selection of indicators and subsegq
] conditions for indicatory condition summaries by broader topics and park areas

3 NRCAs must consider ecologicalbased refeence conditions, must also consider applicable legal and regulatory standards,
and can consider other managerrpecified condition objectives or targets; each study indicator can be evaluated against one
or more types of logical reference conditioRsference 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 weidish to av
that require a follonupresponse (e.g.ceol ogi cal thresholds or management f#Atrigger ¢

4 As possible and appropriatdRCAs describe condition gradients or differences across a park for important natural resources
and study indicators through a set of GIS coverages and map products.

51n addition to reporting on indicatdevel conditions, investigators are asked to take a bigger picture (more holistic) view and
summarize overall findings and provide suggestions to managers on dy-a@me@ basis: 1) by park ecosystem/habitat types or
watershds, and 2) for other park areas as requested.


file:///C:/2Working/report_procedures/templates/nrca_template/NRCA_Partner_Template_v4.1_Notes.docx%23Chapter1Background

understanding current conditions, and/or presiytthreats and stressors that are best interpreted at
park, watershed, or landscape scales (though NRCAs do not report on condition status for land areas
and naural resources beyond park boundaries). Intensive @nbeffect analyses of threats and
stressors, and development of detailed treatment options, are outside the scope of NRCAs.

Due to their modest funding, relatively quick timeframedompletion, 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 statistial 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
projed 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@ifadence in at least qualitative terms.
Involvement of park staff and National Park Service (NPS) subjatier experts at critical points

during the project timeline is also important. These staff will be asked to assist with the selection of
study indcators; recommend data sets, methods, and reference conditions and values; and help
provide a multidisciplinary 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
nearterm workload priorities, frame data and study needs for impgstaktresources, and
communicate messages about current park resource conditions to various audiences. A successful
NRCA delivers sciencbased information that is both credible and has practical uses for a variety of
park decision making, planning, and toa@rship activities.

/ Important NRCA Success Factors \

1 Obtaining good input from park staff and other NPS subject-matter experts at
critical points in the project timeline

1 Using study frameworks that accommodate meaningful condition reporting at
multiple levels (measures / indicators / broader resource topics and park
areas)

1 Building credibility by clearly documenting the data and methods used, critical
\ data gaps, and level of confidence for indicator-level condition findings /

However, it is important to rie 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 sciendmsed information that will assist park managers in their ongoing,

longt er m ef forts to describe and quantify a park®o
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targets. In the near term, NRCA findings asdisttegic park resource plannfrand help parks to

report on government accountability measuresaddition, althogh 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 forer&l climatechange studies and planning
efforts.

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

NPS Natural Resources Inventory & Monitoring (1&M) Prograifor example, NRCAs can provide

current condition estimates and help establish reference conditions, or basekse fealsome of a
parkdés vital signs monitor i ne\NP$datdiobelptevaluate. They
current conditions for those same vital signs. In some cases, 1&M data sets are incorporated into
NRCA analyses and reporting products.

NRCA Reporting Productseé

Provide a credible, snapshot-in-time evaluation for a subset of important park
natural resources and indicators, to help park managers:

9 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)

T I mprove understanding and quantificatQi on for
Afundamental 6 and fAother i mportanto njatur al r
(longer-term strategic planning)

1 Communicate succinct messages regarding current resource conditions to
government program managers, to Congress, and to the general public
(Aresource condition statuso report.i

Over the next several years, the NPS plans to fund an NRCA project for each of the approximately
270 parks served by the NPS 1&M Program. For more information viskiR@@A Program website

SANNRCAcan be useful during the devel opment of a parkds Resour
as a posRSS project.

7 While accountability reporting measures are subject to change, the spatial and réfasemceondition data prioled by
NRCAs wi || be useful for most forms of fresource condition s
of the Interior, or the Office of Management and Budget.

8 The 1&M program consists of 32 networks nationwide thatareimplent i ng fAvi tal signso monitoring
condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural resources
across the Nati onal ardPaasubket dbphgsicat anealicind bidlogital elermegts aaprocesses of park
ecosystems that are selected to represent the overall health or condition of park resources, known or hydftthtsized e
stressors, or elements that have important human values.
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Chapter 2. Introduction and Resource Setting

2.1. Introduction

2.1.1. Enabling Legislation

The Salt River BajNational Historical Park and Ecological Preserve (SARI) is an archaeological and
ecological preserve located ontBand of St. Cro x i n t he U. S. Wwiguelgi n | sl an
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 prasent day

(NPS 2018a).

SARI was established by Congress in 1992, in or
benefit of present and future generations certain internationally significant historical, cultural, and
natural sites and resources inthe Virgis | and s 0 ( P24d®MHebruary 2421892 1 0 2

Congress found that SARI and its resources are
should be carried out in partnership between the Federal Government and the Government of the

U.S. Virginl s | a Acdosdingly, 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 nortlyelLeeward Islands in th€aribbean, situated between the
Greater Antilles and the Lesser Antillélitically, the islands fall into several jurisdictions: the

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

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 islagtisCroix St. ThomagsSt. JohrandWater

Island and some 50 smaller islets and cayee total area of the USV$i133 square miles.

The island of St. Croix, the largest islafwdth an area 082.88sqmi / 214.66km?) of the USVI, is

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

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

Eagle with an altitudefd55 m (1,165t). The Salt River watershed is located in the central northern
part of St. Croix (se€igure2.1.2.1 andhe mapn Section 4.3 The Salt River Ntional Historic

Park and Ecological Preser(@ARI) is located at the northern end of the Salt RwatershedThe

park is five miles from Christiansted National Historic Site and can be reached by car via Rt. 75 from
Christiansted, connecting to Route 8ARI is unique for reasons of both history and natNRS

201&).

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

Within SARI, visitors can findseveral prehistoric sites dating back to A.D. 300, @hdr interesting

sites locationsuch as th€olumbus landing sit¢iHowever,Sal t Ri ver Bay®8s appeal
largely underwatemDivers can discoveanchors belonging to sailing shifsem thelast 400 yeardn
addition,numerous marine lifeforms and environments attract the interest of visitors.at B#RI.

Salt River Bay housdse largest stand of mangrove forest inttf&VI1. This lushestuarinearea
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transitions inta barrier reef in abold5 feet of water, which precedaspectaculasubmarine
canyonthat plunges down to over 600 fe€he proximity of this myriad of natural aquatic
landscapebrings together a rich collection of marisgecieswithin a smallarea. The National Park
Service and the Government of the U.S. Virgin Islands administer the park {DNRE/2019a

Salt River Bay National Historical Park and Ecological Preserve (SARI)
U.S. Virgin Islands

Atlantic Ocean St. Thomas St.John

U.S. Virgin
Hispaniola Islands
Puerto
Rico St. Croix
Caribbean Sea

0 250 500 Km 0 25 50 Km
| + | | ' |
NAD 1983 UTM Zone 20 N NAD 1963 UTM Zone 20N

St. Croix

0 Km 0 125
i R —
NAD 183 UTM Zone 20 N NAD 1983 UTM Zoge 20N °

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 statistic§or SARI ae provided bythe NPSandare calculated based on the following: 1)
the number of visitors to the visitor centertl23 number of individualwisiting aspart of school
groups 3) the number of visitors to the beach, and 4) the number of visitors on kayalEtonrs.
January 20060 Decembe019,SARI had71,751visitors to the parkwith most visits occuing
between the monthef December and April (NPS 2019¢~igure 2.1.31). The average number of



recreational visitors to the paftom 2006to 2019was5,125per year (NPS 2020The number of
visitors goingto the park declinedfter the passage éfurricanedrma and Maria in September 2017
(the park closed fom severaimonthg, and thenumber of visitordegan increasing iearly 2018 The
Salt River Bay isonsidered a living museuwhere history and nature bleod the island of St.
Croix. Visitors can explore mangrove forests as well as coral reefs and a submarore \¢eitprs
can enjoy a variety of activities on the land and in the water, including swimming, snorkelibg
diving, sailing,kayaking,hiking, nature watching and archaeold®PS 2019% Additionally, there
are culturally significant camping locations and visitors can also enjoy horseback @didgd

tours withincertain locations afhe parkare offered to visitors.

SARI Visitors per Year
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Figure 2.1.3.1. Annual Visitations in SARI during the period 20061 2019 (data from NPS 2020).

2.2. Natural Resources

2.2.1. Ecological Units and Watersheds

Salt River Bay National Historical Park and Ecological Presg®®dR|) is a mosaic of ecosystems
that include mangrove forest a submarine canyon, coral reefs, seagrass bedsaldoassts, and
some @veloped landscape eleme(fggure 2.2.1.1)The park is located in the nortbast of the
island of St. CroiXNPS 2015).



Ecological Units
Salt River Bay National Historical Park (SARI), St.Croix, U.S. Virgin Islands
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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
25m deep. Based on Kendallat (2005), eefs are known to exist at deeper habitats but an
assessment of these areas notconducted at that time. Morecentsurveyshavebeen monitoring

corak as deep as 40 (see Chapter 4.6.1About 70% of the hardittom 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 coraldX-species)However, these studies were

mostly done on the canyon walls. deneral, 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 @ouirilthe

east while on the west wall its optimal growth depth is about 9 m (Rogers et al. 1984). In addition to




the canyon, another important reef component are the linear reefs. The linear reefs serve as insulating
barriers that protect the seagrasgaael 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-Unknown 55.3 13.18
Coral Reef and Colonized Hardbottom 104.8 24.96
Macroalgae 18.6 4.44
Mud 251 5.99
Benthic
Sand 11.4 2.70
Seagrass 29.5 7.02
Uncolonized Hardbottom 11.5 2.73
Total Area 256.3 61%
Forest/Trees 106.0 25.25
Freshwater Pond 0.3 0.07
Rock/Soil 2.7 0.63
Saltwater Pond 2.4 0.58
Terrestrial 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%
Atrtificial Anthropogenic 7.3 1.73
Total Area T 419.9 i

Seagrass and macroalgae ecological unit rédesseas where the vegetation cover is dominated by
seagrass and algae. The seagrass spealephila decipienss found mostly in areas with
unconsolidated sediment such as the canyon floor. Salt River Bay is domindtiealdssia
testudinumSyringodum filiforme andHalodule 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 seasesedratitats

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 S&tver 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 spediescennia germinanglack mangrove),.aguncularia



racenosa(white mangrove), anhizophora mangléed 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, akdidagroves in betweeRrior

to Hurricane Hugo, wst of the mangrove coverasrepresented by black mangroves, followed by

red mangroves, and a mixed mangrove forest also representing an important part of the landscape
(see Ch. 4.4.1A variety of orgarsms, such as fish (adults and juveniles), algae, sponges, tunicates,
mollusks, and other invertebrates inhabit the mangrove forests (TomlinsgrH2f6th 1999).
Additionally, mangroves also serve a nursery function for reef fish (Nagelkerken Rigjroves

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 2000 and published 2005 (Kendall et al. 2005), land use in SARI
has had notable human influence, atihe time of the study less than 2% of the park presented
permanent anthropogenic structures (Table 2.2.1.1). Dredgingateddn the 1960s (Pinckney
2014) to create an embayment for a hotel/marina develograsriieen an important factor altering
the sdinity of the topsoil (spoil disposal) and the natural shape of the Ist®end bathymetry of the
bays Loam is the major aoponent of the topsoil, which generallynist well suited for agriculture.
Most of the vegetation cover consists of forest amdisibushes of varying cover density. In
general, the soils of the park, including the Salt River floodpéaenot suited for agricultu@®PS
1990 USDA 2000) As of the early 2000s, closed forest canopy cedenost of the natural and
seminatural aras of the park (~25%), which are located in the southern portions of the park. The
forests are dominated by dry forest types, which include-deriduous and gallery seméciduous
forest.Shrubs and bushesncentrated in the northeastern and northwegtertions of the park
account for ~6% of the vegetation cover of the park (Kendall et al. ZDO&)mostrecent

assessment of t@strial vegetation in the park mapped 166 ha via interpretation of aerial orthophotos
obtained ir2006 2007 (Moser et al. 201). See the section on Terrestrial Communities in this
chapterfor more information.

Watershed
Although Salt River flowsnly during certain times of the year, the watershed drains approximately
1,360 ha (Figure 2.2.1.2), and presents an elevation gtadiahout 300 m.a.s.l. The estimate of
forest cover presented kigure 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 thestred the area in
the watershed was covered by naturalemnisnatural vegetation (~81%})he remaning 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 arealdped, the main channel of thger has to traverse
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these areas before reaching the Salt Rivet,@drich can result in increased delivery of sediment to
the bay, increasing turbiditf the wateFigure 2.2.1.2).

Salt River Watershed
Salt River Bay National Historical Park (SARI), St.Croix, U.S. Virgin Islands

= Streams (intermittent) Land Cover Pasture Beach B satt fiat
Park Boundary Cropland Pasture mixed scrub - Fresh pond . Salt pond
l.—_| Watersheds D Developed . Gallery moist forest . Fringing mangrove ] Evergreen woodtand
Elevation (m) w Gallery semi- Coastal hedge Mangrove forest Gallery semi-
High 1353 ~ Seclouous forest Gallery shrubland . Mangrove shrubland dRciss wooand
- Low- 030 B Semi-deciduous forest W Mixed dryshrubland Bl Mengrovewoodland o o
Coastal grassland g ekt scrub B VMixed swamp =+ woodland
Mixed grassland

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 i CKAN (data.gov)).

Based on the resulting land cover analysis, it was observedithat natural areaef the basin
shrublandvasthe major cover of the watershed (~40Pable 2.2.1.2). Thicket scrub w#he most
abundant vegetation type (9%), with several other shrubland classes constituting the remaining
2%. Herbaceous areas coediabout 16.6% of the watershed, with pastuiiedpéhe most important

1 1n 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%re andare present but confined

to areas such as river guts where higher soil moisture over longer periods are encountered. Wetlands
in the watershed covarvery smallpercentage (1%).he majorityof thearea classified asetland
wasoccupied by mangrove covandadjacent freshwater wetlaffdable 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 20.94 154
Developed Developed 230.13 16.94
Gallery semi-deciduous forest 43.77 3.22
Dry Forest
Semi-deciduous forest 118.46 8.72
Coastal grassland 0.02 0.00
Mixed grassland 21.91 1.61
Herbaceous
Pasture 167.39 12.32
Pasture mixed scrub 36.74 2.70
Moist Forest Gallery moist forest 0.01 0.00
Coastal hedge 0.24 0.02
Gallery shrubland 8.68 0.64
Shrubland
Mixed dry shrubland 29.37 2.16
Thicket scrub 514.78 37.90
Sparse Vegetation | Beach 0.25 0.02
Fresh pond 3.63 0.27
Fringing mangrove 1.59 0.12
Mangrove forest 1.82 0.13
Mangrove shrubland 3.78 0.28
Wetland
Mangrove woodland 0.02 0.00
Mixed swamp 0.88 0.06
Salt flat 0.91 0.07
Salt pond 1.49 0.11
Evergreen woodland 0.64 0.05
Woodland Gallery semi-deciduous woodland 69.97 5.15
Semi-deciduous woodland 80.88 5.95
Total T 1358.3 T

The condition of the Salt River watershed is analyzed in Section 4.3.1 using a data set obtained from
the National Oceanic arstmospheric (NOAA2002, 2007, 2002 Temporal trends in condition
metrics are evaluated using the land use/cover change for the referred2p8adzD12
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2.2.2. Resource Descriptions

Coastal Dynamics

Similar to other areas in the U.S. Virgin Islands, wiage 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 dominanveasturrent is the major drivers

of the shdlsediment transport into the Salt River Canyiiandall et al. 2006 In the eastern section

ofthe parkt he Judi t h 0 sfornkation ftnctioms @asaadshieddthdt redutteswave action
generated by the eadiewinds thattransports water ovehé¢ reef crest all the way into the Salt River

Bay (Kendall et al. 2006 As a result, the east shelf is a major source of sediment for the Salt River
Canyon (Hubbard989 1992).

Sediment type and distribution is heavily influenced by depth and proxionigyrestrial sources
(Kendall et al. 200p 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 rainGerhard and Petta 1974). Whin the shallow areas of the bays, the sediment is
primarily carbonate derived from calcareous algaémeda(Kendall et al. 2006 Hubbard (1989,
1992) also suggestékat outside the baybioerosion of corals ithe main source of carbonated
sediments.

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

graduaj slow and long ternprocesswhile erosion is brief and intense (Williams 1988). For instance,
there are recordd beavy rain removing the equivalent®f10 years of sediment accumulation on a
single dayAlso, during strong storms such as hurricanes, large volumes of water can enter the bays
causing large storms surgd$ 1.5 m, Kendall et al. 2005) and result indding and erosion of the
coastal areassiven the sediment dynamics in SARI, erosion is likely to increase with an increase in
stronghurricane frequency (Kendall et al. 2005).

An important aspect of the coastal dynamics, in particular inside of theiddys role of mangroves
in coastal stabilization and water quality of the ba§endall et al. 2006 Mangroves serve as a
barrier reducing the effect of storm surge and flooding against the coast prg\eosion.
Additionally, the outlet of the SaRiver Gut flows through a mangrove forest whimkifers seagrass
beds, coral reefs, and other benthic habftats effects of terrestrial runofiKendall et al. 2005).

Coastal Geomorphology

The castal 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) underligge southpartof SARI and most of #river drainageOnthe

northsidet he Cretaceous Judithés Fancy Formation i s
mudstone with exposed bedrock around the shoreline of FAgUre 2.2.21, Kendall et al. 2005).

The Salt River, Sugar and Salt Rigays consist of eroded course and fine (terredilizhnd clay
grain sedimentsendall et al. 200pb Sediment in Sugar and Salt River Bay consists of two distinct
types:carbonatend terrestriabedimentsCabonate sedimentwiginate fromcalcareos algaeand
other benthic organismmpllusks,foraminiferg and echinoids while terrestriasedimentoriginate
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from uplandrunoff and are transported to thays by the Salt River (Gerhard and Petta 1917@}he
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 tsvo bay
with calcareous algddalimedabeing the main source of calcareous sedimétgadall et al. 2005)
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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 dividedo 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, whdedyshamics and the Salt River ntbu
deposition mostly affect shores in the other bays. The length of the shores of the west of the Salt
River Bay in generahave ben relatively stable since 1956. However, the east shorexhamged
significantly,especially as a result of manmade migdtions which included dredging afsaltwater
pond (Table 2.2.2.1, Figure 2.2.2.Plowever, changes in the length of the shoredimlg partialy
describe the dymaics of the coast. Coastallhitat changesuch as loss or gain of sandy beach
areascanhave an important impact for local wildlife (s8ection4.1.1).

The northwest area of the partintainsmostly sandy beaches with some rocky shores. While the

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

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 therexistsmovement of the shoreline in some ardlas majority of the shoreline is
relatively stable. Conversely, the eastern shordlasexperienaka big change from 1954
However, this change has been mostly a resuttasfmade modifications. Interestinglgatural
processes such Emgshore sediment transport aneving sediment from the northeasirner
southward (Figure 2.2.2.8eeSection 4.1.1L

Shoreline change from 1954 to 2019
Salt River Bay National Historical Park, St.Croix, U.S.Virgin Islands

\.ongshore Currents

'..,.—‘—'—”‘L

N 19,83 Ciizone2ON o Park Boundary — 1954 shoreline — 2019 shoreline

K

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 thastareas in the Salt River Bay rangedepth

between 0 to 6 rdepth below mean lower low water (MLLW) (Figure 2.2.213)ese shallow

waters play an important role in preventing shoredirasion by reducing wawenergy. 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 glaymajor role in the sediment transport -@&ss$t, presents
shallow waters between 0 to 4below MLLW.

Bathymetry

Salt River Bay National Historical Park (SARI), St.Croix, U.S. Virgin Islands
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Figure 2.2.2.3. Bathymetry for Salt River National Historic National Park (Battista 2015). Park boundary in
hatched yellow.

Bathymetry datdéfrom Batista 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 ramggeirdepths
for the park is large, ranging frontoi R0 mrelative to MLLW. However, the majority of park
presents shallow water with depths ranging from® ®mMLLW (Figures2.2.2.3 & 2.2.2.4).
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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 resuspensionatéts 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).sValtigese
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 (Kendadl.€2005). Lanebased sources of pollution are
likely the largest threat to water quality in SABEction 42.1 shows amap of monitoring sites for
water quality.

Weather and Climate
The climate in the Virigp Islands is tropical. In SARthe average higtemperature 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 i€thensted Hamilton Field Airpotocatedon St. Croix

(NOAA 2020). The coolest months in the year odomim December to Marclverage

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 averaghigh temperatures in the upper 80s and low 90s (29°C to 3@a@) fromNOAA
2020.

Therainy seasoextenddrom May to December, with a short dry spell in June and Jhyle the

dry seasomgoesfrom JanuaryhroughApril. The monthswith leastprecipitationare Februaryand

March, whilethe wettesperiod is from September to November. The total annual precipitation is of
the order of 1,000 millimeters (mm) to 1,200n (40 to 47 inches) per year and is generally slightly
more abundant on the rtlbern 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 457mm (about 18 in(Figure 2.2.2.5)This precipitation was recorded during freessage of
Hurricane Frederick in early August, 19R80AA (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 stwings. Thusthe 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 month$or storms from August to October. A detailed discussion of hurricanes can be
foundin Section 2.2.3.
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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 eaaar, 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 correspondeimsysith 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 ChristimasHamilton Field Airport in St. Croix (NOAA 2020).

Data for weather parameters presented in this chapter were obtained from the NOAA GHCN (Global
Historical Climatology NetworkPaily database. GHCIDaily is a composite of climate records
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from numerous agaces 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, 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 extrem#hesreavents, 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 environmaotdifiging

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 fitya 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 thesdescale 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(@ell et al. 2011Henarehet al.2016), the
Caribbean is envisaged to have longer dry seamuthwetter rainy seasons. Extended dry season

are expected to increase the stress on alreadyeszmad vulnerable water resourcBspendable and

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

saltwater contamination due to sea level (Gashman et al. 2010)ir and seawater temperatures

are predicted to risdrising air and water temperatusdeng withchangs in precipitation are

intensfying droughts.

St.Croix| i ke so many other islands in the Caribbean
the impacts of climate change, particularly-taeel rise. Sea level rise, combined with stronger

wave action and higher storm surge8g| 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 welleing (USGCRP 2018).

The NOAA-developed Sea Level Rise (SLR)daBoastal Flooding Impacts Viewean beused 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 priagitize actions for different scenarios. The viewer is a scredewy] tool that uses nationally
consistent datasets and analyses presented in a
ArcServer and Ad o bhapdewwkcscBoda.dowdnitalcaadt/toajsislrviewer/

Figure 2.2.2.6 shows a simulation of the ektdrflooding in SARI during high tide.
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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 27 shows the impact orfa 1.2 m(4 ft) sea level rise aboweean higher high water

(MHHW) in SARIL. 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. Lowying areas,d pl ayed i n green, are hydrol ogi
that may flood. These are determined solely by
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, emad

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 devettgiasets comparable to those available for the

20



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.

Mean Higher High Water (MHHW)

MHHW under a 4ft sea level rise

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 hydrological |l y fuGraphicrdisptag undedtldis seenaeicedsriveddh at may
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,-auggtncy 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 Ate#n bring
millions of tons of dust ’/m 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 gegtuniants (e.g.,
pesticides, PAHs, PCBdX¢llogg and Griffin 2003Garrison et al. 201). During the periods of high
wind blown dust concentration, known as dust pulsesyuingberof microbes present in the air can
be as much as ten times higher thanrgdunormal timesThis condition represents a hazard to the
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health of humans and ecosystems. For example, a particular soil fungus dégmeedillus
sydowij 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 fourSiARI. Nitrogen and sulfur can contribute to
ocean adification. Ocean acidification, caused by greargegas emissionsiay contribute to the
degradation of coral communities (Sullivan et al. 2011).

African dust or humaiwcaused haze from fine particles of air pollution may also affect visibility.
There is an air qualitpermanent monitoring site fair quality onSARI. Qbservatios made inthis
stationindicate a reduction of the average natural visual range from about 120 miles (without
pollution) to about 65 miles on days with polluti@uring high pollution days, the visual range can
be reduced tbelow 40 miles (NPS 208 (Figure 2.2.2.8)

Visibility on Haziest and Clearest Days (2001 to 2016)
Salt River Bay National Historic Park and Ecological Preserve, VIIS1 (IMPROVE)
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Figure 2.2.2.8. Visibility on haziest and clearest days at the Salt River National Historic and Ecological
Preserve during the period 20017 2016 (NPS 2019d)

Surface Hydrology
There are no rivers or permanemeams in St. Croix. However, precipitation assodatiéh
tropical storms and hurricanes can be significant and last for severalQlayshe period from
August to December, very intense rains can fall within very short peBanlsig such episodes,
water runoff can collect in streambeds and turn into sttengporary stream@®ogers et al. 2008
Stormwater runoff can cause considerable erosion which in turn can have profound effects on local
marine sedimentation (Hubbard et al. 19&&llerLynn 2011).The Salt River is not a perennial
river, but it flows during certain periods of the year. The Salt River wate(shef8ection 4.3.1)
drains an area of approximately 1,360 ha (hectarée) Salt Rver flows into the Salt River Bay
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traversing thesouthern lands of SARMore 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 placedhbgh a number of passages between the islands and the shallow
plateaugFigure 2.2.2.9)

ulf of
Mexico
Current

Buck Island
Reef NM

N. Equatof\a\

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 surfag and neasurface exchange with the Caribbean occurs through the eastern
passages. Surface flow is fed into de Caribbean by the Gainddhe Atlantic North Equatorial

2 The Atlantic South Equatorial Current (SEC) flows westward toward the Brazilian shelf, andsoatsphbo 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 Anréca, 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) Currestiegn 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 curréittpd;//oceancurrents.rsmas.miami.edu/atlantic/atlantic.html)
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Current (Watlington and Donoso 1996). The Caribbean Current flows at an average3Eate 45

cm (13 to 18 inches) per secanda 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 ultehamoves 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 fr@ulthe
through the Florida Straits to form the initial port of the Gulf Stream system.

In the vicinity of SARI, the speed of th@ngshoreoceancurrent is5 cm to10cm @ in to4 in) per
secondWust1964 Donoso 1990Kendall el al 2005) Thesecurrents are not as intense as those in

the central portions of the Cabiéan or in the western side of St. Crauvhere much stronger

currents are observed. The SARI shoreline is divided in three sections, namely the northern, central
and southern sectienThe coastal curremm the northern section &ssociateavith the ocean current,
whereas theentral area is modulated mostly by witidve currents. The direction of the flow in the
southern section is driven by the tides and runoff entering thefloayshe reighboring land areas.

In the area of the Salt River @gon, flow ratedown the cayonis 10to 15 cm/s and during ebb tides

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

Marine Communities

Marine Plants
Seagrass

A mostly continuous seagrass meadmwers 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 pehinadatsia testudum,
Syringodium filiformandHalodule wrightii(to a lesser extent) constitute these meadows while the
more depth tolerartialophila decipienss found seasonally on the canyon fl¢iiendall et al.
2005) A more detailed assessment of the condition ofisesiis presented in Section 4.5.1.

Macroalgae
Macroalgae is found in shallow areas within Sugar Bayotitiet for the Salt Riveglong the

eastern coast of Triton Bay and Salt River Bag/well as in coral reef and hardbottom habitats
SARI. Ground truthing of benthic habitats for mapping in 2000 revealed muddyrbittwater
deeper than 2 mand patchy macroalgae in areas shallower thar{iRemdall et al. 2005)
Correspondinglycalcareousnacroalgae are the primary contributors to thersedts found in
shallow areas in the northern parts of the leyentof macroalgaén Salt River Bay as mapped
from 2000 aerial photography is shown in Figr2.2.10andthearea (ha)n threecover classs
(patchy and continuous) is shownTiable 2.22.2

Within Salt River Canyon rhizophytic algae can be found in depths up to 100 ft (3(Kestihg

1990) After Hurricane Hugo caused damage to corals and sponges along the walls of Salt River
Canyon, video monitoring observed ~5% of the dead coratwxased with macroalgae an@i7

80% was covered with turf algg®lemeth et al. 2003Pne study found that macroalgae may be
responsible for a large percentage of the total primary production of théRegkxs and Salesky
1981)
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Macroalgae Cover
Salt River Bay National Historical Park, St.Croix, U.S. Virgin Islands
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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)

1071 49.9% 15 10.9

501 89.9% 6 0.4

907 100% 2 0.8
Microalgae

The dinoflagellate primarily responsible for bioluminescence (Figure 2.2.2.11) in Salt River Bay is
Pyrodinium bahamenser. bahamenssupported by the shallow water, mangrtimed 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 importamt draw f
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

26



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 idyverplants 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 corah€ropora palméa), staghorn coralXcropora cervicorniy pillar coral
(Dendrogyra cylindrug rough cactus coraMycetophyllia ferox lobed star coraldrbicella
annularig, mountainous star coraD(bicella faveolaty and boulder star coraD¢bicella franks).
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 coratgaficia lamarckiandAgaricia grahamag These
communities extend to about 65 m, where they transition to black corals (antipatharia), octocorals,
and spongedMesophotic communities have been impacted by thermal stress and bleaching, but have
shown a relatively lgher degreef recovery (se&ectiond.6.1). Section 4.6.presentamap of
marine habitats and monitoring sites for coral reefs of SARI.

Long spine urchins
The long spined sea urchiDi@dema antillarump 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
urchinswere decimated by a Caribbeasde epizootic of unknown cause in the early 1980s (Lessios
1988). Typical abundances on shallow coral reefs prior to theffieere greater thabOO0 urchins
per 100 M. Betweern2002 to 2017abundance of urchins was alwagss than one urchin per 106 m
at both adeep and shallow monitoring site, with 87% of sampling periods recording naosirch
Figure2.2.2.12presents thdensity oflong-spined sea urchi#nn SARIL. There appeared no trend of
increasecomparedo historcal abundance®escriptions of the lonterm sitesareprovided in
Sectiond.6.1.Note that deep and shallow sites were always sampled on the same day, sintiata p
overlap at zero urchin¥he deep site was not sampled until 2009.
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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 lobstePénulirus argu} andqueen conchlLobatus gigashave historically been
important fisheriespeciesn the USVI. Fish and shellfish population declines in the 19B®9&0s
prompted fishing regulatiorte be signed into law in 1972 (Virgin Islands Code). Several
amendments in thfollowing 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 Bagall&tistoric Park and
Ecological Preserve provides a unique senglosed 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 (Riehet al. 2018), the biennial National Coral Reef Monitoring
Program (NCRMP) found lobster densities to be very low over several sampling pa€iads (
2017 Richter et al. 2018), with only a single lobster being recorded during the 2017 sarfrjgjurg
2.2.2.13depictslobster and conch densitifF|sm 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 studesof 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 thelelemseater 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 assemblagase supported by the multiple habitats within SARPS2015) The
majority of studies done on reef fish and their populations in the park have been conducted within
Salt River CanyoiiFigure 2.2.2.14and along the canyon walls during saturation missions from

NOAAOGs Hydrol ab

b et we eDorfmhr®& Battistgperdormed®adygp.analyss 2 0 1 1 ,

of ecosystem data and found that SARI does not have regular fish surveys and the limited available
data wee provided by the UMCMES reef fish censu&endall 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 reefsFrom 2012 to 2019, several surveys have lweaclucted by National Park Service

(NPS), National Oceanic Atmospheric Administration, and the University of Virgin Islands (UVI),
referred to as National Coral Reef Monitoring Program (INERMP-UVI). Analyses of the

NCRMP dataset amiscussed in Sectin4.7.1

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 fishridtiieof

shallow and relatively protected habitats of SARI provide nursery habitat for some pelagic fish
species (e.g., Figure22.19 and is therefore recognized as an ecological link between the shallower
habitats within SARI and open ocean habit&tsndall et al. 2005Pelagic fish(e.qg., karjack

(Caranx rubej, horseeye jack(Caranx latu3, and ero(Scomberomorus regajisare often

observed during reef fish surveysra 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 poputats have declined because of habitat loss, hunting to meet
the demand of restaurants, and nest predation byatwve mongooses and dogs (Nellis and Small
1983). The USVI prohibited the take of hawksHit¢étmochelys imbricajaand leatherback
(Dermocheys coriaceaturtles in 1972 prior to the 1973 U.S. Endangered Species Act that added
protection for green turtlg€helonia mydas(Platenberg and Boulon @6). SARI offers diverse
habitat for sea turtles (FiguBe2.2.16and 2.2.2.1)Y, however, no targetl research has been
conducted on sea turtles in SARhe 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) catalogsish 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
(Table2.2.2.3. One hawksbill turtleEretmochelys imbricajavas sighted in each of therdle

surveys conducted on the West Wall of Salt River Canyon. Observers reported sighting a hawksbill
in four surveys and a green turtiéhelonia mydasin 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.




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 nhames are retained from data provided

by REEF (2018).

Zone Latitude Longitude |Date Species
Salt River (Inner East Wall) 17 47.162 164 45]6/26/2005 Hawksbill
Russd Rock/ Salt Walvd{ 1747.09 T 64 45]8/16/2007 Hawksbill
Russd Rock/ Salt Ri v ¢ 17 47.09 1 64 45(10/22/2007 Hawksbill
Salt River (Inner West Wall) 17 47.024 1T 64 45/2/26/2009 Hawksbill
Salt River (Inner East Wall) 17 47.162 1T 64 45]2/9/2010 Green
Shooters (West Wall) 17 47.114 T 64 451]10/14/2010 Hawksbill
Shooters (West Wall) 17 47.114 164 45]2/5/2012 Hawksbill
Salt River (Inner East Wall) 17 47.162 164 45]6/16/2012 Green
Salt River (Inner East Wall) 17 47.162 1 6 45.469 |2/11/2014 Hawkshill
Salt River (Inner East Wall) 17 47.162 164 45]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 fagnah as sharks and rays (Figur2.2.18). Dive shops often
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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
expertpersonne(REEF 2018)During 92 surveys completed from 1996 to 2016, observers recorded
18 requiem sharks (n = 16 Caribbean reef st@akcharhinus perezin = 2 blacktip sharks,
Charcharhinus limbatysand 24 southern stingrayBdsyatis americana Notargeted 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 StO@mmanatee 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 communicatioNp targeted research has been done on marine mammals
within SARI.

Terrestrial Communities

Terrestrial communities occupy 166 ha and range

tosemideci duous dry forests at the parkds highest

2011). There is a long history of human occupation oBtileRiver 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 ¢éhl1730s, 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-native plant and animal species. Guineagjdrochloa

maxima and tartan,Leucaena leucocephalare the most problematic nomtive plant species,

found extensively throughout the park. Today, the largest percentage of the terrestrial land area is
covered by semileciduous dry forest (~45%),lfowed by mangrove habitats accounting for another
11%, and coastgrassland covering 10% (Figure 2.29.(Moser et al. 2011). The following

sections describe in detail the dominant terrestrial plant community types found in the park, as well
as the terestrial 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 (Ketreda005; 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 inamea encompassing 71 ha. Several locally threatened and endangered
species occur in SARI, including an agat&gave eggersianahree species of tree, 1) lignum vitae,
Guacium officinalestingingbushMalpighia infestissimaand cowitch, Malpighia woodburyana;
the wooly nipple cactudjammilaria nivosaand two orchidspidendrunciliare andPsychilis
bifidum (Kendall et al. 2005)-ound only on St. Croib4. eggersianavas designated as federally
endangered under the U.S. Endangeredi8pdat in 2014. Severdl. eggersianandividuals were
planted at the SARI Visitor Center in 2008 as part of a native restoration program. After these plants
matured, they wereoqt | ant ed to the east side of SARI on
majority of planted individuals have not survived and it is suspected that the agave snout weevil,
Scyphophorus acupunctatis responsible for the die off (K. Ewen 2021, personal communication).

Control of invasive plant species begar2@99 as a collzoration 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 @aduinea grass, taran, and Madagascar rubber vine,
Cryptostegia madagascarien8isas well as ginger Thomakecoma stansSpanish bayoneY,ucca
alofolia, seaside maho&hepesia populnedeach naupak&caevola sericeand coconut palm,

Cocos nuciferaln 2012 and 2014, the aforementioned invasive exotic species were treated using a
combination of mechanical and herbicide treatments across ~70 acres-desepus forest,
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woodland, shrubland, and coastal grassland (NPS; AAS 2014). Reintroductioof native
hardwood species in coastal shrubland commenced in RIAR2A012 NPS 2015).

Vegetation Cover
Salt River Bay National Historical Park, St.Croix, U.S. Virgin Islands
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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 mangroveAblaeknia
germinansred,Rhizophora mangleand white mangrovéaguncularia ecemosgFigure 2.2.2.9)

(Moser et al. 2011). This constitutes the largest area of mangroves remaining in the Tei8¥ry (
DPNR 1992). Prior to colonization by Europeans, the bay was likely fringed with mangroves along is
entirety (Gerhard and Bowman5). 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,
especily 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 &0&).Zhanges in the extent of
mangrove forest in SARI are discussedattion4.4.1 Mangroveecosystems in SARI provide

nesting habitat for up to 26 of the 44 bird species known &dloa the island (Sladen 1988) and
mangrove foresdf Sugar Bayprovides critical habitat for Nearctideotropical migrant parulids,

both during migration and ovavintering periods (Waueand Sladen 1992%'ntema et al. 2017).

Semi-deciduous Dry Forest
Semideciduous dry forests cover 75 ha of the park, accounting farpdstr half of terrestrial area
of SARI and occur primarily at inteni, landward locations (Figure 2.2.9)XMoser et al. 2011).
The three Virgin Islands sdiormations of this forest type mapped on SARI by Moser et al. (2011)
include: 1) gallery sermiledduous forest, 2) senteciduous forest, and 3) semergreen forest. As
they fall hierarchically under the Lowland tropical/subtropical seediduous forest of the U.S.
Virgin Islands community classification (Gibney et al. 2000), we consider thesecthmanunities as
constituting the semileciduous dry forest habitat type here. The s#eciduous forest sub
formation (2) accounts for more than 80% of that described habitat. PigeorBmemeria
succulentand white stoppeEugenia monticolare thedominant tree species found within semi
deciduous forest in SARI (NPS 2017a). Gallery sdetiduous forest is restricted to riparian
corridors, including guts and intermittent streams. In SARI, thid@ubation is dominated by the
nortnative genip treeMelicoccus bijugatugNPS 2017a). The seravergreen forest stliormation
in SARI is found in one location on a northw4esting slope, and is community is typified by
comparatively greater number of evergreen speSesSection 4.4.2 for a discussiaf the
condition of SARIG&6s 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 Islandsfeuhations as constitutgnthis
community type: coastal grassland and the mixed dry grassland. The coastal grasslamdatidn
includes grasses adapted to conditions of high wind, salt spray, and low moisture (Gibney et al.
2000). In SARI, this habitat type consists entirélg Wrochloamaximacoastal 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 grazir@iliney et al. 2000). Within this stfbrmation,Urochloa maxima
Cryptostegia madagascariensissociation is most prevalent within SARI, and it is dominated by the
aforementioned nenative invasive grass and shrub, respectively. As coastal grasslangesresal
category in the park are overwhelmingly dominated bymative invasive species, management
action to eradicatd). maximaandC. madagascariensasnd restore native woody species to the
mixed grassland was initiated in 2009 (Moser et al. 2Bl 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, eightatme mammals, six
amphibians, and 12 reptiles. Species|dtterrestrial 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 ¥RMir et al. 2005McNair
2008 McNair et al. 2008ebird 2017 Yntema et al. 2017) (Append). 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 azdatiear
migrants. Meanwhile, 138pecies have been meded during the 35 year$972 2016 of the annual
Audubon Christmas Bir@ount (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 totabdf 82 is likely an undeestimate.

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 (WatsonR@a@hberg et al. 2005). The
Caribbean brown pelicaRelecanus occidntalis occidentalfederally ddisted 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 nestirantktbac

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 sgi#sdall et al. 2005)Twenty-five nests with 25

brooding pairs were observed in June 2013 (data provided by Zandy3#ditg. Avian inventories,

while not comprehensive, have been conducted over the past several decades throughout the park. Of
particdar note are the inventories of Wauer and Sladen (1992), who conducted 12 surveys from
1986 1987within the Sugar Bay mangrove forest and documented 35 speciesufves of the

mangrove forest area in the early 2000s to assess the impact and reawadryfricane 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 dfianging habitat structure, with Neotropi®arctic

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
anincrease 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 béecumentean St. Croix (Table 2.2.2)4To 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 thest. Croix racerAlsophis sanctaecrugipresumed extinct (Philobosian and Yntema
1977), the St. Croix anolénolis acutusthe St. Croix dwarf geck@&phaerodactylus beatfyand the
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St. Croix ground lizard?holidoscelis polopsow restricted to 4ays 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
Eleutherodactylus antillensis Antillean coqui native
Eleutherodactylus coqui common coqui introduced
Eleutherodactylus lentus mute coqui native

AMPHIBIANS
Leptodactylus albilabris Caribbean white-lipped frog | native
Osteopilus septentrionalis Cuban treefrog invasive
Rhinella marina cane toad invasive
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 g;rcok-OAmencan house introduced

REPTILES
Iguana common green iguana introduced
Pholidoscelis exsul Puerto Rican ground lizard | introduced
Pholidoscelis polops St. Croix ground lizard (ra;sc:i:?ezr?g’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 endemitetfly species occur within the SARI:
the Cassius Blud,eptotes cassius catalinand the Polydamas Swallowtdlattus polydamas
thyamugNPS 1990). Important invertebrates include the land €alijisoma guanhunwhich are
a locally harvested speciggjost crabQOcypodespp., fiddler crablJca pugnax rapaxand rock crab,
Graspussp. and soldier craloenobita clypeatu§NPS 1990).

Mammals
Non-native mammals are numerous on the island (TaBl2.9), with several of these species
having negative imgcts 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 resiigriosson and ultimately
sedimentation into the baative 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 2.2.29).

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 LeCont etailedbhtr e e 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
Odocaoileus 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 resdévalopment both within the park boundary,
nearby commercial activity, boats, and generators (NPS 2015). Acoustical monitoring is needed to
guantify the impact both underwater and on land.

View scape
Scenic views extend across the bay out tadhebbean 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 paridary. 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, impactsthiewshed and creates light pollution impinging on night skies
and the Biobay experiencairborne pollution from regional and global sources decrease visibility.
Strengthening and enforcing existing regulations and zoning within the legislative boisndary
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 identif
harm toimportant 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 compeomis he adequate condi ti
resources.

Human Interactions

The Foundation Document (N2915) of the Salt River Bay National Historical Park and Ecological
Preserve (SARI) in St. Croix, U.S. Virgin Islands states that SARIserves, protects, studies, and
interprets internationally significant historical and cultural sites that encompmasgiman 2,000

years and human use of the diverse tropical, marine, and terrestrial ecosystems that comprise the Salt
Ri ver waCorseqsehtly,d i indisputable that human interactions occur and will continue to
occur in the premises and vicinity the park. SARI provides a number of valued resources and

servies to visitors. As per the SARIonceptual Model (Patterson et2008 NPS 2018 coral

reefs are a resources of particular aesthetic value which in turn provide a highly productite habita

for fish and invertebrate&qually productive arenangroves andeagrass bedw/hich in turn

provide shoreline protectioixisting wildlife, in particular unique and rare marine and terrestrial

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

fundamental for the wellbeing of people and intellectual advancemsatiety. In addition, SARI
provides a habitat for fAnesting colonies of | ea
importantmg r at ory bi r d s t.Binpkduwegak prqviNeB & se®ife hBan area

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

namely fishingdiving (Figure 22.3.1), snorkeling along reefs, boating, smming, archeological site

seeing, fking, and scenic sites viewir(@PS201&).

In addition, over the yearSalt River Bay provides safe harbor/anchorage for vessels during tropical
storm and hurricane events.this context, SARplays an important role in local disast

preparedness and managem@stthe frequency and strength of tropical storms are likeigcrease

in the future(USVI HRRT 2018) theuseof Salt River Bayas a hurricane hole remains an important
and direct link between the boating community and the (MBS 2018).
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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.Bttg) 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 weof 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 navigassroand
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 2Q1Bbllowing Hurricane Maria (2017), the number of

derelict vessels in Salt River Bay rose by at I8@stmany of which were targeted for removal

(National Parks Traveler 2017here are additional safety concerns related to anchoring at offshore
moorings. An achoring 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 anchoricgrahareas is
permitted. While boating in the parkés waters,
rules and regulations regarding the taking of game and fish. No collecting of natural or cultural
resources including coral or artifacts (NE&L9a).

Debiis, 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 tost fishing buoys, and abandoned fish traps. Fishing lines, nets, rope, and other
type trash can wrap around animals and cause drowning, infection, or amputggstion of
marine debris by aquatic fauna can cause deformities, serious sicknesss®radeathin addition,
debris flows into Salt River Bay as a result of stormwater runoff from roads and drivewalgsndn
and marinalebris can settle on hard bottom areas and kill coral colonies (Waddell 2005).

One kind of debris that is rapidly ine®ng 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 protgtastc
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 (Jambeeh 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 micro@aatie 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 largeface areas which are hydrophobic. In a study done in 2013,
Whitmire and his cenvestigators studied the occurrence and distribution of microplastics in the
southeastern coastal region of the United States. They analyzed sand samples collected &r®om vario
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 afrfilastics via ocean currents.

One of the sampling sites in this study was located aMistern shoreline ahe Buck Island Reef
National Monument (BUIS)ocated less thatD miles (5 kilometer$ east of SARI A total of 10
sand samples were colledtfrom the sitéetween July and October 20T3e analysis of the
samples yielded an average of 102 microplastic pieces in 1 kg (2.2 Ibs.) of sarmkrcentage of
microplastic items as pieces was 39.2% and that as fibers was 60.8%. The averagé fragth
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microplastic fibers was 2.65 cm Q4. inches). The yield of microplastics was relatively mw

BUIS, andconsidering that there is very little development in the area immediately surrounding the
site and no large river nearby to transpaastewateto it, the microplastics found must have been
transported via ocean currents or come from plastic debris Oisingegrated 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 SARRfact, it is likely that the anticipated yield of
microplastics is great at SARI given theonsiderable development in the aremeeit to

Christiansted Harbazombined with the westward flow of ocean currents.

Poachingand Looting
SARI 6s | aw enf or ensumrethetproteaiiadn bfehse i pnacrl keddeethnaterad o ur c e
and wltural, as well agrovidingfor visitor safety. Park rangers are tasked with enforcement of all
park rules and regul ataikems ,powhicceyh ibrecalcthd ecd otsh en g
nesting seasons, {it/pagkatioart D0 peod i ctyhe ampgdok i ng an
among other. In addition, park rangers are to work to prevent poawhiadural resources looting
of historical sitesand address any such cases inland in in the sea. Due to staffing limitations a
funding constraints, law enforcement presence is not providedutintene basis.Also, mixed
jurisdiction and private #moldings can hamper proper patrolling of natural emltural resource
sites within SARI, or obstruct the enforcement of existegulations (C. Pollock021,personal
communicatioih Consequently, poaching episodes occur within the various petlks Virgin
Islands Conversations with park rangers during the scoping visits for the development of this report
yielded information @iestingthat there have been looting and poaching incidents reported.
Information on poaching or lootingpisodes, 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 neddedrtebrates, such as conch aoldster have
sufferedfrom poaching. It ifommon knowledge thg@iaching oturtles andf turtle bird eggs
occurs at certain leveCorals are also attriee to poacherd.ooting of archeological sitesvhich
has been documentadthin the park boundary s an i mportant urces(Ne&At t o t h
2015).

Land Use Changes

There have been several studies on the land covtke 8&alt River watershed and SARISVI 2001
Kendall etal. 2005 Moseret al 2011).However, it is difficult to assess tlsbanges in land use by
comparing the various data satsed in thesstudies since the classifications usedry in each.
Sectiond.3.10of this report analyzes the change in land useficof the Salt River watershed
including SARI, over the perio2002 2012 Mapspresented in Chapter 4 wedeveloped through
the automated classification of high resolution National Agriculture Imagery Program (NAIP)
imagery, available Lidar digital elevation data, and assorted annycififormation (NOAA 2002,
2007, 2012)During the period 2002 to 201hganalysisof the data used to produce skévo maps
show thatestuame forested wetlands experiendbd highest increase in spatial coverage waith
addition of 6.7 haver ths period followed by deciduous forests that had a coverage increase of 2.1
ha(seeSection 4.3.1)Overall,during the ten year peripdetlands and deciduous forest coverage
increased by 9.3 halsing the Brown and Vivas methodology (2006g value ofheland
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development intensityLDl) index was calculated to be 1.t the period2002 2012(Donoso
2020).SeeSection 4.3.1 for more details.

Hurricanes and Tropical Storms

Because of a warming global atmosphere, and increasingly prolonged wairases of sesurface
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 a@bpical storm activity in the Atlantic basin since the 1980s,-ong

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 earlys1®90
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. 200oshida et al. 2017). Reliable lotigrm

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 destructinesstayes

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 and38xi@pical storms

came within 50 nmi (nautical miles) of SARI6 ofthese 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
(HURDAT?2) provided by NOAA https://www.nhc.noaa.gov/data/ (Landsea and Franklin 2013).

Storm Category
Decade TS H1 H2 H3 H4 H5 Total
19007 1909 1 T T T T 3

191071 1919
19207 1929
19307 1939
194071 1949
19507 1959
19607 1969
19707 1979
19801 1989
19907 1999 i
20007 2009
20101 2018 2 T T T T 2
Total 16 6 7 0 4 3
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Hurricane History

Salt River Bay National Historical Park, St.Croix, U.S. Virgin Islands
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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 (HURDAT?2) 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 develtipedsion, purpose, significance, and
management objectives for Salt River Banput was received from Virgin Island government
officials, Salt River Preserve Commission members, concerned citizens, environmental group
representatives, and National Park Service officiete result of these workshops was ultimately the
creation of he 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 ResgiNeS 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 th€hpswkgreement

also set forth provisions generally definif@inagement of the park and for the development of a
planning process to implement the General Management Plan (8WtRin the context of the

Omnibus Insular Areas Act of 1992, 102 Public Law,24PS was charged the task to develop the

GMP to describehe appropriate protection, management, uses of the Park in way that achieves the
purpose of the referred Acthe GMP was to be developed with the involvement of stakeholders.

In January2015, aFoundation Document was prepared as a collaborative eftwrebe park and

regional staff which was approved by the Southeast Regional Director on January 3Qtmh2015
development of the Foundation Document permitted park managers, staff, and the public to identify
and clearly provide the esseniialormation 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 ide(iiBS 2015)

The purpose of SARI istated within the Foundation document as preserving, protecting, studying,
and interpreting significant historical and cultural resources sites ... comprising the Salt River
watershed (NPS 2015jundamental resources and values identified for SARI iecdudheological

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 ackquately 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 brebdsed understandirg 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 inforgriagddouth Florida and

Caribbean Inventory and Mdoring 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 thé@Vpamkdésiginsald saisguefinea, by t he N
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 2.3.8hbws the SFCN Viteébigns selected for monitorirfgARI.

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 asregionwide overview and a marine benthic communitiessdolel. 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 f8alihRiver BayNational Historical Park

and Ecological Presengan be found dtttps://irma.nps.gov/DataStore/DownloadFile/469987

For the present assessment, available data and reports varied sitiypifigdocal resourceDatasets
availablefrom 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 sourcas;luding SFCN personnebARI 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).*

No
Type | Type | Type | Monitoring
Category Vital Sign 1 2 3 Planned

Air Quality-Deposition ) ) X T

Air Quality - -
Air Quality-Mercury ) ) X )

Geology and

Soils Coastal Geomorphology X i i i

Surface Water Hydrology X ) T T

Estuarine salinity patterns ) ) X T

Water Chemistry T X T T
Water

Nutrient Dynamics T T X T

Periphyton (Freshwater) T T T X

Phytoplankton (Marine) T T X T

Invasive/Exotic Animals T X T )

Invasive/Exotic Plants T X T )

Marine Benthic Communities X T T )

Biological Mangrove-Marsh Ecotone X T i i

Integrity Wetland Ecotones and Community Structure T T T X

Forest Ecotones and Community Structure X ) T T

Marine Exploited Invertebrates X T T T

Aquatic invertebrates in wet prairies & marshes T T T 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.
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Table 2.3.2.1 (continued). SFCN Vital signs selected for monitoring in SARI (Patterson et al. 2008).*

No
Type | Type | Type | Monitoring
Category Vital Sign 1 2 3 Planned
Marine Fish Communities X T i T
Focal Fish Species T X i T
Freshwater Fish and large macro-invertebrates T T i X
Biological Amphibians i i X i
Integrity - - -
(continued) Colonial Nesting Birds ) X T T
Marine Invertebrates-Rare, Threatened, and Endangered X ) T T
Sea Turtles T T X i
Protected Marine Mammals T T X T
Human Use | Visitor Use T X i T
Fire Return Interval ) ) T X
Landscapes
(Ecosystems | Vegetation Communities Extent & Distribution X T i i
Pattern and | Benthic Communities Extent & Distribution X i i i
Processes
) Land Use Change X 1 T T

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 Univetisgyniversity of the
Virgin Islands (UVI) and the National Park Service (NPS)akdéolders on this project includee
Salt River Bay National Historical Park and Ecological Preserve (SARhagement and staff, as
well as NPS Interior Regioni2South Atlantic Gulf managers, theé?S South Florida/Caribbean
Network (SFCN)scientistsand other NPS staff linked to the Virgin Islands sites.

This chapter describes the study scoping process, introduces the hierarchical indicator kamewor
used in the assessment, and summarizes theaj@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 dPhasd of the study several ifperson meetings and conference calls took
place between the FIU Principal Investigaténna Wachnickapnd NPS staff. A preliminary

scoping meeting took place on December 12, 2016, where the FIU project team met with staff from
the NPS SoutFlorida/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 offmmuttdie 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 &fQdrtners

within theNPS units located in the U.S. Virgin Islandspreliminary 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 thalfirst would be determined during the-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
centes. 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 courseeohtfeting,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 contions. 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 $etebtegroject; (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 standsai@IU 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 (S¥dRthe seconaf the

three NPS units visite@AppendixC). The FIU team traveled to St. Croix on February 5, 2017. On
Tuesday, Feb.,a joint team of NPS staff and FIU staff carried out the Salt River Bay National
Historical Park and Ecological Preserve (SARI) site vi3itring the site visits, the team focdsan
identifying the major natural resources in the parks and the issues that were impacting these, both
positively and negativeh\Several points that were highlighted in the discussion includedcéalth

of the mangrovem SARI, theimportance oSARI as a historic locatiowithin the Caribbeanand
concerns abouhecoralreefs and the fish that populate thaters of SARIBrief notes of the visit

to the SARI sitareprovided in the Phase | Project Report (FIU 2017).

During these meetings, the peipants accomplisheaseries of tasks, namely:

T Revisit the most important issues examined during the site visits. Fopaand/or clarify
matters that required further discussion

T Discuss the methodology to be usedhie assessment and reuilsges setor the implementation
of the phases of the project

T Confer with a preliminary scope of the content of the individual NRCAs faurtite

f1Jointly concur to a pretinary list of focal resources to be assessddliror in a limited manner,
based on the ailable information and data sets for each park, as per the knowledge of the
meeting participants

T Agree on the responsibility of the different actors, in addition to the FIU team (NBigstaff,
NPS in mainland staff, South Florida/Caribbean NetwoB8cCN, others) and the@xpected
information and data input and datelines

1 Completethe draft scoping tables reflecting the results of the deliberations of the participants

f1dentify existing information and data setssitu that would be provided to the Ftelam 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®ARI is adapted from that presented in the H. John Heinz IlI
Center for Scienceb6s fAState of Our ThHé&ameworkds Ec o
defines a way to organize the various resources that are considered important to the park in a

hierarclal 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 enconggas two major categories, namigg Supporting Environment
and Biological Integrity. In turnSupporting Environment is sdlvided into CoastaDynamicsand
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Chemical/Physicalwherea®iological Integrityis subdividednto Terrestrial PlantsMarinePlants
TerrestrialVertebrate/InvertebratesMarine Vertebrates, and Marine Invertebrates.

The primary features in the selected frameworlf@eal resource components, indicators, measures,
stressors, and reference c o0 mprdcess ar@defsiedafRatsral ur ce N
resources (e.g., lizards), natural processes or patternsf@ieline dynamigsor specific features

or values (e.g., water quality) that are considered important to current marksgehfocal resource
orcomponentaa be characterized by one or more fAindicsza
assessment t o r edefmed andbmedsarable padable that reflects\wanke key
characteristic of a component teh20@8)tecsignalwhaist r ac k
happening to the specific resource. Each indica
current condition of a resource being assessed
or characterizations that evate and quantify the state of ecological health or integrity of a resource.

I n addition to measures, current condition of r
which are also considered during thaismposes ment . A
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 Amber@gke014).

A fAireference condi t i omeatvalues ofa gilea measumabe dompaed wh i ¢ h
to determine the condition of that resource component. A reference condition may be a historical
condition (e.g., species composition of seagnasise1980s), 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.€2@l4 and Stoddard et al. 2006).

During the scoping process $ARI, key resources were identified by NPS staff. These are
represented as Acomponentso in the NRCA framewo
comprehensive list of all the resources in3#RI1. Rathera selection of components was made

which includel resources and processbat wereof greatest concern or highest management

priority. One or more indicatoendrespective measures for each, as well as known or potential

stressors, were identified in collaboration with NPS staff.

Table3.2.1.1 provideshe framework for th& ARINRCA, 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. Asplomisible 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 Focal Assessment [ Section
Category Resource |Level Author Indicators and Measures
Shoreline Full . .
. P. Olivas 9 Shoreline change (3 measures)
dynamics assessment
9 Fecal indicator bacteria (1 measure)
Water 1 Dissolved oxygen (1 measure)
) quality 9 Total suspended solids i TSS (1 measure)
Supporting . Full . -
; (inside and T. Smith 9 Turbidity (1 measure)
environment . assessment ; i
outside Salt 1 Dissolved Nutrients (3 measures)
River Bay) 1 Chlorophyll (1 measure)
9 Terrestrial Sediments (1 measure)
Watershed | Full
- M. Donoso 9 Landover / Land use Change (1 measure)
condition assessment
Full
Mangrove D. Ogurcak Vi ion community extent (2 m I
g assessment g 1 Vegetation community extent (2 measures)
Biological -
. ooglca}. Semi-
integrity i i Full . .
. deciduous D. Ogurcak 1 Vegetation community extent (2 measures)
terrestrial assessment
dry forest
plants
Coastal Full . .
D. Ogurcak 1 Vegetation community extent (2 measures)
grassland assessment
Full .
i i Macroalgae T. Frankovich i
_B'Oloqwal [o] assessment 1 Macroalgae community extent (1 measure)
integrity i -
; Fu E. Whitman
Marine Plants i
Seagrass assessment | T. Frankovich 9 Seagrass community extent (1 measure)
Ful 9 Stony coral cover (1 measure)
. . u .
Biological Corals T. Smith 1 Stony coral health (1 measure)
integrity 7 assessment
9 Seawater temperature (1 measure)
marine Cted
ueen imite . .
vertebrates Q R. Ennis 1 Community extent (1 measure)
and conch assessment
invertebrates . Full . .
Reef fish A. Duran 1 Community and population status (3 measures)
assessment

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, encoetpégsentire acreage witiBARIO s

maritime or terrestrial boundaries unless otherwise noted in a sgecHdiaesourcsection.

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 resoutiiedde

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 needeel ald 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.

DataGathering

Data, literature and overall information minibggan 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 anctharts, GIS data, photographs, mapisich were eitheprovided by NPS stafir 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 tochcbmponent identified

in the frameworkand wasased on the amount of existing information and recommendations
provided by NPS staff and other expefitese methodology applied feach 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 efitiitese two
organizatios were consulted while developing the NRCA 8ARI. Consultations were in the form
of individual and group visits, correspondence via email or phone, virtual meetnseviews of
resource sections. A list of the team of researchers and expdributing to theassessment @fach
focalresoure can be found ithe respectivehapter 4

Summary Indicator Symbols

The Al ndicatoro and AMeasuremento assessments
format throughout the documeitthis standard format is consistent with State of the Raptarting

(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 wifer how confident the assessment is based on the
information used to evaluate the conditidndetailed account will be provided in the various
sections of chapter 4 of this report under the

Table323.1shows the fACondition/trend/ |l evel dabt conf i
overall conditiontrend and level of coniflence of the analysis assigned to each indicator for a focal
resource. The color of the circles indicates the condition basedthp chosen indicators/measures

and the reference conditions. Red circles imply that a resource is of significant concern; yellow
circles denote that a resourcefsnoderate corern and green circles signify that an indicator

and/or measure are/is cently in good condition. A circle without any color, (which is almost

always associated with the low confidence syrdashed line), signifies that there is insufficient
information to make a statement about condition of the indicator, consequentlyioroisdi

unknown.The arrows within the circles represent the trend of the indicator/measure condition.

Arrows pointing upward refer to an indicator which is improving; horizontarigfit pointing

arrows express that t hgunchandingandarroms positing downgvard i o n
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indicate that the indicatords condition is dete
the indicatords condi t i28.8provides example iedicator symbols® k n o wn .
and descptions 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 Condition Icon Trend Trend lcon Confidence Confidence Icon
Icon Definition Icon Definition Icon Definition

Resource is in Good Condition is High
Condition Improving 9
Resource warrants Condition is .
. Medium
Moderate Concern Unchanging
Resource warrants Condition is ll' \\ Low
Significant Concern Deteriorating \ ,,'

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 in good condition; its condition is improving; high confidence in the assessment.

Condition of resource warrants moderate concern; condition is unchanging; medium confidence in the
assessment.

Condition of resource warrants significant concern; trend in condition is unknown or not applicable;
low confidence in the assessment.

/ + | 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
Seoo” determination; trend in condition is unknown or not applicable; low confidence in the assessment.

Overallcondition tablesire presented for each focal resource in Chapteo arrive at an overall
statusand trend for each focal resource, we followed the rules for combining multiple status and
trends as outlined in the NFINIRCA Guidance Update date January 20, 2014. Specifically, a
combined condition score for a focal resource was determined by assaagyingd symbol a value

64



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 inditatasuresDeviation

from this method to arrive at theerall status was done on a césecase basis at the discretion of
theresource assessment autaod isnotedin chapter Svhen applicable.

The overalltrend for a focal resource was determined by adding the number of up arrows and
subtracting the totalumber of down arrow€alculated trendalues greater thanwere considered

an increasingrend while values less than3vere considered a negative trend. All values in between
were consideredo trend. In the case when there \ess than three indiaats for a particular focal
resource and both trenttsr indicatordmeasuresvere the same, the overall tretwbk on the same
value.

However, vihhen onlytwo indicators/measuregere present for a focal resource and the status or
trendwasnot in agreementdiween the two, the author of edobal resource assessmemdea
judgement as to whether one indicator should be more highly weidhtedondition ad trend of
the more highly weighted measure wsed to represent the overall status fufcal resouce. The
rationale for this is described on a case by case basis when applicable in chapter 5.

Overall confidence level correspaetto the level most often indicated for a resource if indicators
were equally weighted. In the case when indicators werequatlg weighted, the confidence level

of the higher weighted indicator was used for the overall indicatorfolda¢ 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 bgt BNJ analysts

and researcher$hough the project team, analysts and researchers, rely heapéeemreviewed

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 engagats and general undertakings described above, the process
of developing draft documents for each component began with a project team brainstorming session,
followed by knowledgesharing and planning meeting. In addition, personal amdieconversation
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 wapffojettt 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 projegam maintained communication, to the extent possible, with NPS
staff, in particular with theacting coordinator of Regional NRCA and RSS Prograspsn

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 recommendationd imsights provided to the authors, the final component
assessments were writt@rhese final resource component assessments represent the most relevant
and timely information and data available for each component and the insight and knowledge of park
reource 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 oflhese 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 assdssipeasis 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 prioritye 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 dicators 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 theference 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 secfldms section provides an egplation 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 availablehe 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 rede¢aaartdl
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 andantinence
current condition of a resource component based 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 addresged|d 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 qualitatisemmarystatement 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 ataffexperts, 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
resourcecomponent. In addition, this section includes the condition assessment table.

Sources of Expertise
Individuals who provided data or referenceswere 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 dataseted 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
sectiomdsumnéi Ciet edo section.

3.3. Literature Cited
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Chapter 4. Natural Resource Conditions

4.1. Coastal Dynamics

4.1.1. Shoreline Dynamics

This section reviews the condition of thieoreline aBalt River BayNational Historical Park and
Ecological ReservéSARI). The condition assessment considers-€#r period of aerial images
provided by théNational Park Service and U.Geological Survey for the following image dates:
1954(USGS 1954)1971i 77 (NCCOS 20223)1992(NCCOS 2022h)20®0 (NCCOS 2022¢)2007

(NPS 2007)rnd from ESRI basemap (2019)generate data to assess the status of the shoreline. The
shoreline is typicayl evaluated using metrics that detect changes in area, length, elevation, and type
(e.g.,sand/gravel, rocks, or vegetatiomhe condition metrics selected for this resource include area,
length, and typee(g.,sand/gravel, rocks, or vegetatioRJeasenote 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 arethe 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 centralker&alian

River Bay, and it is mostly influenced by whdldiven 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&drshores. 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 4.1.13ed@m 44.1, Kendall et al. 2005).

Twoman geol ogical formations, Mi ocene Kingshil/
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 aféeopark consists of
Cretaceous Judithdés Fancy formation (Kendall et
in shoreline and sediment dynamics and the ecology of the park. S¢slimithin the park consist of

mostly carbonate sediments aldhg 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 ebosledgae

and other benthic organisms, while the terrigenous sediment are primarily a result of upland erosion
and river transpoiiGerhard and Petta 197dendall et al. 2005). Hubbard (1989) found that the reef

is an effective barrier that separatesisehtation 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
andterrigenous 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 theuatmn 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 driftwast 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.

Shoreline change from 1954 to 2019
Salt River Bay National Historical Park, St.Croix, U.S. Virgin Islands

1954 o

Longshg\'e Cur

South

$
&

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 lonterm trends of the shoreline dynamics the following metrics were used: 1)
difference in lengtlof the shoreline (vegetation boundary) between 1954 and 2p4®re area

change between 1954 and 2019, ansh8)e (sand/rock/gravel) habitat change for multiple years
between 1954 and 2019. The analysis focused on the shorelines in the nectiemro$ the park
excluding Sugar and Triton BayBhe vegetation boundary was used to calculate the shoreline length
given that it is more clearly defidend less likely to present digitizing erroffie shoreline dynamic
was defined as a function of theteletable high water mark (shoreline variability) and the migration

of the vegetation boundary landward or seaward. The timeframe for the trend evaluation
encompasskl1954 to 2019, with assessments done in 19541717497 1992, 2000, 2007, and 2019.

The reference conditions for the parkdés shoreldi
boundaiesin 1954.The image from 1954 was black and white. The lack of cdfected the ability

to distinguish the high water mark in some areas during digitiZing.image was not georeferenced
and presented considerable warping which together with the lack of landmark features was a
challenge to correct. For the georeferen@hthe 1954 image, the 2019 image (ESRI World
Imagery) was used with &®rder polynomial transformation. The root mean square (RWI®)
between 1954 and 2019 imagess about 0.82 for the forwardverse. The other images were
already georeferencedjtpresented some registration errors when compared to the 2019 image:
1971V 77: 1.7m; 1992 and 2000: 4.8 m, and 200 3The image fron1971 1977is a mosaic with
one section of the image from 1971 and the other from 1977. Although the park is ontyonghof
the mosaic sections, it is not known whether it is on the 1971 or 1977 s€ctidhe analysis this
mosaic was refeed toas year 1971mage resolution wasrh for 1954, 5&m for1971 1977,
1992,2000, and 2019, and 3on for 2007.

Current cadition as of 2019 was established from satefléta from September 18, 20Bhoreline

and vegetation boundaries were visually interpreted and digitized from the aerial photographs.
Digitization of the shorelines was done at a scale of 1:1d6@lawayand Ford2019) and vertexes
werecreated ever$i 10 m to capture the coastal variability. To reduce sharp vertices, a Polynomial
Approximation with Exponential Kernel (PAEK)ethod was used to smooth the shorelines. This
method is based on a sntbimg 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 ohtinelme. 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 astidguishable 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 lamadecks were

clearly distinguishable from vegetated and sandy shores. Lastly, the vegetated shores are areas where
vegetation, predominantly mangroves, coveredctimee and no sand, gravel or rock were visible

from the aerial image. For further inforraat about the mangrove cover and speciesseseton
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44.1. Fordigitizing 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 m®oé shoreline digitization aradfect the
detection probability of the higivater markncludedata quality of the@lderaerial photographyhe
subjective process of digitization (linedmg), and time of the day and acquisition date of imagery
For example the tide fluctuatiomn the Virgin Islands is about 3fn (Kendall et al. 2005 herefore
the difference between the high water mark at low and high tideacge froma few centimeers to

a couple ofmeter 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 photograftom 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 tle baseline conditions of the park before manmade modificdtions t h ewhere9a 0 6 s
embayment was created by a hotel/marina development that dredged and connected an existing
enclosed salt point to the Salt River B&ygures4.1.1.1and4.1.1.9 (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. Simeelredgingeasedthe northeast section has been
changing and sedimentpiesition 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 centmnes 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 muchdages
(Table 4.1.1.1 and Figure 4.1.1.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 8 Zn, while in the central west the shoreline
has experienced gains of about ~30 m in a small area mostly surrounded by mangroves (Figures
4.1.1.14.1.1.2 and 4.1.1.8 In the northeast corner of the park, the geomorphology of the shoreline
is predomimntly 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 (Fgutel.1 & 4.1.1.2).

Shoreline chan%e from 1954 to 2019

Salt River Bay National Historical Park, St.Croix, U.S. Virgin Islands
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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 the1960s 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,
Pinckneyet al.2014). The dredged material was later used to create a pniadeach, 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 hasresdlt i n a fAsandbar peninsulao th
southward (Figure 4.1.1.4). With time, it is |i
Beach resulting in a new salt pond and restoring the shoreline to a contour that resemhkes the o

before the development (Figsr4.1.1.1 & 4.1.1.2).

73



Shoreline change from 1954 to 2019 West of Salt River Bay
Salt River Bay National Historical Park, St.Croix, U.S.VirginIslands
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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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Shoreline change from 1954 to 2019 East of Salt River Bay

Salt River Bay National Historical Park, St.Croix, U.S.VirginIslands
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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 longterm 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)Howeveroverall,these changes are small for theyg&r period. Conversely, the

east shoreandin particular the central eashore has shown an important advancement between

1954 and 2019. This significant chamdbar has been
peninsulao from |l ongshore sedi ment deposition.
for the coast zone has been a net loss for the area measured. However, this net loss is mostly related
the devel opment f r o mnedgedaea ieteodé excluded, taacretionis f t he d
happening at faster pace than erosion (Figure 4.1.1.2).

Additionally, although SARI shoreline hagperiencedome changes over the past 65 years,
archeological records show that prehistoric materials froragellsettlements from over 2000 years
ago in both east and west shores remain intact suggesting that these shonedibeghaelatively
stable (ZHillis-Starr2018 personal communication).

On the west shores of SARI, there has been some change ontpherents 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 dig¢ 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 2008 &iy1.5 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 coastlimkich killed a larggercentagefanangrovesand

significantly reduced their canopy density (Kah 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.

SARI West Shore SARI East Shore
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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.

Rocky Shore (ha) Sandy/gravel Shore (ha) Vegetation Shore (m)
Rate of Rate of Rate of
Image | Acquisition Total change? | Total change? Total change?
Hurricane Type date Year area Change! (halyr) area Change! (halyr) length Change? (m/yr)
Pre-Betsy AP 1954 1954 0.66 T ) 3.57 ) ) 590.3 T T
Post-Betsy/ | \p 1971 1971 | 0.74 0.08 0005 | 0.74 i2.8{10.1( 9350 344.7 20.278
Pre-Hugo
AP 1992 1992 0.56 T0.11 10.0 1.41 0.67 0.032 1175.5 240.5 11.452
Z%SSZ';UQO AP 2000 2000 | 046 | 10.1[ 70.0] 165 0.24 0030 | 933.0 i242.| 130.3
AP 2007 2007 0.56 0.11 0.015 0.72 1T0.9 T 0. 1] 14349 501.9 71.694
Postirmal | oot | oor18/19 2019 | 053 | 10.0|70.0{ 072 0.00 0000 | 15763 141.4 11.785
Post-Maria

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 decesed, 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 steasly. ifheekength 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 o®ery 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 (Fyré.4 & 4.1.1.5). In the

case of the saly/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 lartee @esde 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 tim@rigshore and windriven currents have transported this sediment
southward to the northern area of Crescent Beac

I't is expected that with time the AdAauahatdbar peni
resembles that of the 1954, before the development (Biguirel.1 and 4.1.1.4). Between 2007 and
2019, the Asandbar peninsulad has become | arger

vegetation has colonized it. This has resultedsteady reduction of sandy/gravel area and an

increase of the vegetated shoreline. During this same time period the shoreline advanced noticeably
(Figures4.1.1.1 & 4.1.1.4). Between 2000 and 2019, the area of the sandy/gravel shore in the
northeast has oinued 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 195and 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, fromr82954 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 peninsutdach 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 4CbhastalGrasslands).

Threats and Stressors

Since 1954, SARI hasxperienced important changes of the shoreline (Fiydré.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 generamsdbat SARI is mostly losing shore area

in the northwest and gaining it in the east. Because of the current dynamics atetnot@nds, it is
unlikely that this phenomenon is a result of seasonal sediment movement but more a result of the
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constant wae action generated by longshore and wdniden currents (Figuss4.1.1.1 & 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 elpoitant 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 stemgtstiand

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 di2hours 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 rduce 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 (20&@I0 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 mvement of water in the bays. For instance, Kendall (2005) documented a 1.0

1.5 m of storm surge associated with Hurricane Hugo in the bays.

Sealevel rise is another major concern for the area because it can increase coastal flooding,
negatively affectingoastal ecosystems such as reefs and mangroves. Additionallgyskase 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 nelsgal risemodels were available for

SARI. However, the current rate of sea level rise (SLR) as measured in nearby San Juan,iPR (1963
2020) is 2.15 mm Yyt (http://www.psmsl.orgStation ID 2118), which is slightly lower thamet

global rate (~3 mm yr'Nerem et al. 2018). Based on the ldegnm 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 recruitr(seSection 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 inteannual variability oshorelinedynamisin SARI, several methodsuldbe
implementedhat would capture changes in accretion and erofiss 6f shoreline length and shore
surface argawith higher certainty than what was available for the analyses in this selttiese
methodsare listed kBlow andcan be implemented individually or in combination.

1. Automated classification of higiesolution satellite data in combination with digital image
processing techniques to detect sand, water and vegetatittmated image classification
is inexpensie 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 agpically fixed.
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2.

Shoreline assessment using différ@l GPS technology (high accuracyhe use of

differential GPS for assessmaitcoastal dynamics is an inexpensive tool that can be used

as an effective method to quantify changes in the shoreline as a result-tériorgends,
extreme events, or identify seasonal dynamics. However, this method is limited by
accessibility and the extent of the areantérest sincé requires a person to physically
walk the length of the shoreline with the GPS unit.

Automated classification of airborne photogrgphith 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. Additionallyesle images would provide much higher
resolution data, which increases the precision of change estimates. Havmevenned
aerial technology can be expensive as a result of maintenance of UAS, expensive
photogrammetric software, data collection and dadagssing time. Furthermore, data
management and compliance can also be impediments for the implementation of this
method.

Very highresolution 3D shore profiledJsing terrestrial LIDAR technology, 3D profiles of
strategic locations could provide very higgsolution 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 inyimg. 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.
Condition
Status
Component Indicator [Trend Rationale and Reference Conditions
. . Since 1954 (reference condition) the shoreline extent has
Shoreline Shoreline length ) S . o
. increased significantly as result of sediment deposition
Dynamics change . .
and dredging for the marina.
Reduction of area since 1954 (reference condition) as a
Shoreline Shoreline area result of the dredging for the marina has been slightly
Dynamics change outpaced by the increase in area accrued because of
sediment deposition.
Sandy/gravel shoreline area and extent of the vegetated
Shoreline Shore habitat shoreline have increased steadily since 1954 (reference
Dynamics change 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 RiverNedyonal Historical Park and
Ecological ReservéSARI). The condition assessment considers data provided by the USVI
Department of Planning and Natural Resources Division of &mviental Protectior200Q 2018,

the USVI Territorial Coral Reef Monitoring Progra@004 2009, and individual research
assessments between 2012 and 2018 (May and Woodley 2016, Bayless 2019, Pait 8t &h&020
condition of water qualityor seawaters typically evaluated using metrics that detect chaagey
from conditions suitable for the maintenance and propagation of marine and aquatic life and for
human contact recreationhe condition metrics selected for this resource assessment ifetadle
indicator bacteria, dissolved oxygen, total suspended solids, turbidity, dissolved and total nutrients,
chlorophyll, sediments, contaminants, and pollution indicator assaggporal trends in condition
metrics were evaluated for tingeries 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 impactsarganisms 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 contaebased development of gastrointestinale#ia. 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 assot&l 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 20C#ssifications are the

following: Class A. Waters are of exceptional recreationalirenmental, or ecological significance;
Class B. Designated for maintenance and propagation of desirable species of wildlife and aquatic
life, contact recreation; Class ®@aters are those waters which are located in indubktidlors and

ports anchave less stringent water quality standards for cep@iameters 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 inclidéus assessment were taken

from publicly available databases and published and unpublished sources.
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Common water quality metric€ommon water quality indicators included in this assessment with
their standards for maintenance of aquatic life (whereldeed) are listed in Table 4.2.1.1.
Temperature has high relevance to coral stress and is presented and discussetbtiien ih.6.1.
Dissolved oxygen (DO) is important for maintenance of respiration in aquatic animals and can affect
animal growth andnovement (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 W& Erental
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 tlaae 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 transmisen for some benthic photosynthetic organisms and constitute a source of stress (T.B.
Smith unpublished observatigr&mith 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.

Solids

Variable Unit Standards or guidelines Source
pH None <7,>8.3 USVvI 2019
Temperature °c Dependent on taxa; <29°C for | see Section 4.4 for corals;
P corals/<32°C elsewhere UsVvi 2019
) - B B Prince and Goodyear (2006);
Tl 11. 11
Dissolved Oxygen | mg L >48mglL't; >5.5mgL USVI 2019
Total Suspended mg L1 None i

Nephelometric

<1 NTU reduction from oceanic

Smith et al. 2013 and USVI

Turbidity turbidity units cIariFy for cpral reefsﬁ<3 NTU 2019
maximum in general
Ammonia pg L™ None T
Nitrate pg L™ None T
Phosphate pg L't None )
Chlorophyll a mg LTt <0.4pg Lt 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)

USVvI 2019

1 NTU limits not applicable to Salt River Lagoon (Marina) and Salt River (Sugar Bay).

Nutrients and phototroph®issolved inorganic nutrients are important and essential for aquatic life
by supporting the growth of phytoplankton and benthic phototrophls,asumacroalgae. 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 Bldaoms (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 ug't and 207 ug't, respectively. Data wevailable 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 pg %), nitrate (1.5ug L'Y), phosphate/orthophosphate (7 Jg)L(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 benthiotsbphs for growth, thus, fre@ater

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 proxgif dissolved nutrients (Furnas et al. 2005). Chlorophyll a values greater than
about 0.4 pg ! are indicative of enrichment above oligotrophic oceanic conditions based on
research conducted south of St. John (Smith et al. 2013) and are similar to maiheesr the Great
Barrier Reef (Furnas et al. 2005).

Fecal indicator bacteriaFecal indicator bacteria, such as enterococcus, can indicate human and
animal waste contamination and are used to assess the suitability of marine water fobesethct
activities. Values that exceed 35 colony forming units 108 (@FU) 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 thal8) geometric mean of enterococci should not
exceed 30 CFU for 30 conseime 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 (USER) stblicly available
water quality data dittps://www.waterqualitydata.uhis database (STORET) was queried on
September 10, 2019 for all data within 0.8 kilometers radius from a centroid locatedsatithern

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. Skegient water quality sampling

was conducted by differenesearchers at a fewdations, but the lack of temporal replication limited
the information from this sampling (Kendall et al. 2005), and these sites were not included. The
guery identified four unique longrm water quality stations, representing 652 sampling events
conducte 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, Table 4.21.2). Data were retrieved from STORET aftee year 2000.
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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 i64.761 6/30/00 6/01/05 | 14

STC-33A Columbus Landing | 7 7799, T64.75| 6/3000 5/15/19 | 53
Beach

STC-33B Salt River Bay 17.77513 T64.75| 3/18/08 5/15/19 | 36

STX-18 Columbus Landing | 17.77997 i64.76( 8/9/04 8/27/18 | 563




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 thefull 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 mmirfion DO and pH) were calculated for
represented variables, including DO, pH, salinity, TSS, turbidity, and fecal indicator bacteria.

Enterococcus values were represented in numeric
For graphical purposes tleegalues were treated as a 0. Kjeldahl nitrogen, total nitrogen, and

phosphorus concentrations were measured at Salt River Marina33TColumbus Landing Beach
(STG33A), and Salt River Bay (STB3B). Kjeldahl nitrogen had lower detection limit of 509 u

L™ prior to June 16, 2016 and 90 pY' thereafter. Total nitrogen had a detection limit of 245 mg

L™%. Phosphorus had a limit of detection of 0.7 [i§ L

Reference Conditions/Values

There is a general paucity of information from whickestablish 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 amrent offshore to inshore gradient of water quality within SARI, with increasing turbidity
and declining dissolved oxygen closer inside the embayments (Kendall et al.|IB08&hy cases
turbidity and dissolved oxygen at stations within embayments, suitfearea 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 Saltdaivgon it can be presumed

from the historical presencé 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).
Sedimetation on the eastern canyon edge likely historically limited reef development to a low
abundance coral community composed of more sediment-gttessnt coral species (Hubbard

1986).

Current Condition and Trend

Coral reef sites outside of Salt RivernyBa
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 gla@an be very good (s&ection 4.6.1), but also
shows periods of higheurbidity after heavy rainfall events and with strong swell (T. Smith, unpub.
obs.). Sediment flux of all sediment components andlsilt sized particles (<0.63 pM) (primarily
assaiated 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 mehauttethe same
methodology (Salt River: Fluxa = 3.3 £ 3.7 SD, Flusft.ciay 0.6 £ 0.8, n = 27; Mean of 20 other sites
in the USVI measured with the same methodology: flux 36.6 + 84.2 SD, Flus-cay= 1.5+ 2.7,
n =2314; T. Smith, unpub. dgt Apparent sediment plumes emanating ftbencreeks (locally
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known as gts) 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 td datwa
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 loplaimkton, 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 aln2013).
SARI nutrient concentrationsay 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 monitonmag slaggest

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 somiemtial 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 Woodlg (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 ug '*and 79.9 ug L%, above the 50 ug't threshold for Class A, B, C waters. Ammonia
nitrogen, uAionized ammonia, nitriteitrogen and inorganic phosphate were all in acceptable

ranges. However, a later study by Bayless (2019) did find highemized ammonia at a site just

east of SARI (SARI about 300 m outside the eastern boundary). In addition, féW 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 wateraffifiBayless 2019). An assay with tdevelopment

of sea urchin embryos&ytechinus variegatyslso 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 jtiseteast of SARI and closer to

residential communities and the town of Christiansted arrested development of 99.7% of embryos
(SARI 1; Bayless 2019). Uimnized ammonia in the porewater was high and may have contributed

to the effects on embryos. Urchierfilization 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 areasand the t
of Christiansted (Bayless 2019). As a further indication of potential pollution, only 20% of colonies

of the threatened elkhorn cor&lgropora palmatahad reproductive gamete development during the
annual spawning period, which was the lowest of tBémopopulations 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 (Dowret al. 2016).

Sites inside the Salt River Bay
Sites inshore from the Salt River canyon show more impactsrésimcted circulation and land
based sources of pollution. A time series of water quality 2060 2018at four sites within SARI
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illustrates tle spatial variability in water quality and deviations froamditions 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. ValueswérHhlso consistent with

tropical marine waters (near 8.0). Some deviations from water quality standards to more neutral pH
conditions (O 7; 15 of 312 readings) and very
to sensor calibration issyesnce 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 sanded#yeusame

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 tutlyidand 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 L for fishes (Prince and Goodyear 2006; Figure 4.2.H&yvever, these

sites @e exempted from the USVI Class B water quality standard of 5'm@IsVI 2019). All sites

showed periods with enterococcus values higher than recommended for contact recreation (35 cfu
100 mL'Y). Periods exceeding recommended enterococcus values wieesth(ig0%) 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 detien 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 wéessstihan 1mg

L™ and mean values (0.39 + 0.11 SD) was near detection limits (0.245nBhosphorus
concentrations were also low across stations, with a mean = 0.033n@080 SDValues of

0.033 mg L' are at a purported threshold for solulgaative 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 L'%, 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 mL'! suggest marine waters with elevated risk for contact-related
human iliness (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 L'') was recorded from Dec. 12, 2013 to Jan. 23, 2018. Total
nitrogen (detection limit 0.24 mg L'*) 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 scorethat 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 phosphorestcatiens of 51

pg L', 121 pg ', and 100 pg L2, respectively, which are above guidelines (50 [t for Class A,

B, and C waters in the USVI (May and Woodley 2016). Ammaiitieogen, unionized ammonia,
nitrite-nitrogen and inorganic phosphate weliéreacceptable 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 cmducted in September 2018 a year after impacts from Hurricane Maria, which may have
homogenized surficial sediments within SARI (Paitle2@20). However, zinc and copper in the
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marina area were above or near concentrations at which impacts on orgaeigxgected. In
addition, HRGS P450 assay¢hich indicate the presence of xenobiotic organic compquhdsved

the presence of organic contaminants in the Marina area and Bioluminescent Pond that were not
detected in the full contaminant scans (Pail.2@20). 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 bacte@ostridium perfringensssociated with fecal wastes of humans and
domestic ad 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 lamalsed sources of pollution. These pollutants may

originate fromupland agricultural activities, septic leaching fields from private residencies within the
watershed (including terrestrial and live aboard boafstream sources associated with residences
and the town of Christiansted, aoontaminants from industry inghmarinaZ. Hillis-Starr2020,

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 Hyalsed sources of
pollution relatve 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 factoateel to greenhouse gas driven

global warming and increasing carbon dioxide absorbed into seawater. Seawater temperature is
detailed inSection 4.6.1. Ocean acidification is an emerging issue that will be a larger threat to stony
corals and other calcifyingrganism 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
guality. However, the mgram 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. ANPS led water quality sampling program with deplogedsors 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 undenpled for water quality. A now decommissioned
oceanographic station (Salt River ICONtps://data.noaa.gov/dataset/datasetfsadt-bay-st-croix-
u-s-virgin-islandg provided valuable continuous and réaie 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 tomenkife 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 sensa@rwas recently conducted for the northern USViis 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 agoingtie/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
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impacts on sensitive bigtauch 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). Oceamiuenced areas appear to have good water quality,
consistent with contact recreation and maintenance of marineltifeever, indicators point to

potential toxins in sediments and impacts on sensitive stony déaatker inshore and inside
embayments there are indications of water quality that is potentially harmful for contact recreation
and marine lifeThreats to current conditions offshore are largely derived from upland and upstream
sources of pollution, and regional and global chaagssciated with humanduced climate change

and ocean acidificatiomhreats to current condition inshore are related to increasal&arelopment

and human population pressures.

Table 4.2.1.3. Graphical summary of status and trends for Water Quality outside Salt River Bay.

Condition Status
Component Indicator [Trend Rationale and Reference Conditions

There are indications of nutrient pollution from
sewage and impacts related to storm water
discharge

Fecal Indicator
Bacteria

Oceanic influenced areas have consistently good
values. There do not appear to be strong trends in
values over time.

Dissolved Oxygen

Total suspended solids are low in more oceanic
areas. There do not appear to be strong trends in
values over time.

Total Suspended
Solids

Oceanic influenced areas have consistently good
values. There do not appear to be strong trends in
values over time.

Water Quality Turbidity

(outside Salt River
Bay)

These are typically near detection limits in most
areas. However, they may be a poor metric of
nutrient loading.

Dissolved
Nutrients

0000

Chlorophyll concentrations have not been assessed
e directly but would provide a useful proxy for nutrient
4 A loading. Observations of water color and clarity at
Chiorophyl l ] g . cany
\ / offshore coral reef sites do not suggest high
~-- chlorophyll levels, but levels are likely to be much

higher inshore.

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

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

There are indications of fecal contamination for some
sites that periodically exceed values considered a risk for
human contact. Continued development and poor

Bacteria o .
enforcement of septic discharge may contribute to
increasing incidences of fecal contamination.

Values in some constricted, low water exchange areas

Dissolved are consistently below values needed for support of

Oxygen marine life. There do not appear to be strong trends in

values over time.

Total Suspended
Solids

Total suspended can be high inside embayments. There
do not appear to be strong trends in values over time.

Values in some constricted, low exchange areas are high
and potentially harmful to photosynthetic organisms (e.g.,

WIGIOIOH

Turbidi . .
urbidity foraminifera). There do not appear to be strong trends in
values over time.
Dissolved These are typically near detection limits in most areas.
Nutrients However, they may be a poor metric of nutrient loading.
,'/ \\ Chlorophyll concentrations have not been assessed
Chlorophyll l‘ I) directly but would provide a useful proxy for nutrient
Nt loading. Levels are likely high inside Salt River Bay.
There are indications of contaminants in some sediments
Sediments and toxic effects on organisms. Effects of terrestrial

sediments have not been evaluated inshore.
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4.3. Surface Hydrology

There areno peennial streams the Virgin Islandsand most natural surfaeeater drainages
remaindry for long periods of timeA few streams are intermittent that is they flow yeand in
some reaches. Jolley Hill Gut on St. Croix, once reported to be perestind,anly intermittent
stream in the Island (USGS 199@n an annual basisy most natural surface drairaghannels
water flowsonly duringepisodes of intense precipitatiddecause of the impermeable underlying
volcanic ro&s, floodwaters accumulatnd recede rapidly, generally in léean oneday.In a year
of averageainfall annual runoff rangefsom about 2 to 8 percent of the rainfall, which is akib@26
to 5 cm Q.5 to 2 i), depending on conditions in a particular basin. Mostly the topogrépi also
soil moisture, local evaporation rates, amdjgtation cover control runoff flowing into the SARI
premisesNormally, total runoff from individual storms exceeds 10 percent ofaivgall and can be
as high as 30 percent when rainfalintense andsoil moisture demands are IqWSGS 1999)On
St. Croix, part of therunoff is stored in ponds for agricultural useswever, wherfloodwaers
reach thecoastal areas, they overfl@axistingsalt pondsnd provide freshwaterfiow to
embayments that support mangrove stands and coraltEe@&S 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 evemsringthese 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 lorterm discharge observations available were made by the USGS
for the period starting September 1, 1991, and ending September 29, 1993 (USES320&9

4.3.0.9. Average daily flow was derived from measurements taken &3&S station number
50348000 Salt River at Cannan, St. Croix USVI. The location of the station is sh@eation

4.3.1. However, the registered data do not cover the entirgaamperiod; these are substantial time
intervals lacking information. The axage flow over the observation period was #8 fcubic feet

per second). The gage height reading during this time oscillated from 14.90 m (48.89 ft) over the
period August 0617, 1993 to 14.96 m (49.07 ft) over the period Octobe0531992. USGS stan
n°50348000 ipresently inactive.
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Salt River Watershed
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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).
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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 yrited States Army
Corps of Engineers (USACH) the upper reaches of the Salt River watershedltivess flooding in
residential areaséeSectiond4.3.1) The Mon Bijou Levee System extends approximad&@$ m (.3
miles) along the right bank of Salt River, located at the north end of the Mon Bijou residential

community (FEMA2020). T h e p r o ¢tiendsttoddvert faunwater 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 imparthemangrovesn Sugar Bayasloss of terrestrial
sedmentsdecrease the magnitude of vertical sediment accretion in the manfifovWghelan 2021
personal communicatinThe Mon Bijou System is continuous and uniformly constructed. It
reduces flood hazards, but does not completely prevent these durgmgexainfall episodes, such
as during the passage of hurricanes (FEM2®0

4.3.1. Watershed Condition

This section reviews the condition of tBalt River watershed he condition assessment considers
land use data for the years. 2002, 2@0W| 2012. The state of the watersketypically evaluated
using metrics that detect changes originated by stressors such as unsustainable or poorly planned
developments, popation growth, erosioramong othes. The condition metric selected for this
resource is land use change. Changes in land use are Yaweel period2002 2007and2007
2012 and these are compared t86 2018composite ESRI basemap. The data to ashesstatus
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 ahge for the referred perioddnfortunately, 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 nortpart of St. Croix (lgure 43.0.1). The

percentage of lad of the Salt River watershed, equivalent to 1,360 ha K828 square
kilometers),occupied by SARIis 14.87%. Within the Salt River watershed, SARI is located in the
northeastern corner (Figure 4.3.1.1).
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Land Surface Hydrology

Salt River Bay National Historical Park, St. Croix
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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 i CKAN (data.gov)).

Human activitiesn watersieds infuencethe 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
wateshed, the greater tends to be the intensity of the impact (Oliver2éx1d). Landbased

pollution constituted an important threat to delicate marine ecosystems such as corals (Emis et al
2016). Pollution comes in the form of watssrne 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 (NP$R01

Therearerelatively few studies of the land cover/use of the Island of Saint Quaiiversity of the
Virgin Islands2002; Kendall et al2005 Moser et al2011) A first comprehensive data set
organized in a common GIS geodatabase framework wdegrther by th€onservation Data

100



Center(CDC) of the University of the Virgin Islandgegetation maps created from 1995 aerial
photographs were produced as part of the Rapid Ecological Assessment for S{UGinaxsity of

the Virgin Islands 2001}igure 2.2.1.2resentsand use for the Salt River watershed derived from
the referred data set, while Table 2.2 gr@vides the area of the watershed occupied by the various
defined categories of land use.

In the early 2000ghe National Oceanic and Atmpkeric 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), conducesmlogical
characterization of SARI. Thisitiative consistedf three complementary components: a text report,
digital habitat maps, and a collectiohhistorical aerial photograpl{gendall et al. 200p Literature
review and year 2000 aerial photography werebtsesources of informatn for the

characterization ofegetation, land use, and soils in SABsulting from thisstudy. 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.Df this report presents the Ecologi Units within SARI based the data collected in
2000 and published 2005 (Kendetlal.2005 NCCOS 2019). Using the same data, Table 2.2.1.1
presents the area of the park occupied by the various detineEalunits.

The two studies referenced irethrevious 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 omidpsrand
classification schemes because the scope and scale of their efforts differed and the intent of their
respective characterizations waletent. Therefore, for the purpose of analyzing changes in land
use/cover over time, NOAA Office of Coastal Mgeanent kittps://coast.noaa.ggwdata was used.

Land use/cover data have been used to determine the influence of anthropogenic modifications of the
landscape on natural amnments (Richmond et al. 200Qliver et al. 2011 Sabine et al. 2015
Donoso02020). An indicator of anthropogenic activity calculated from land use/cover data used in
various studies is the landscape development intensity (LDI) index (Baod Vivas 20050liver et

al. 2011 Donoso02020).The LDI has been used to define the relationship between modifications of

the landscape due to human interventions and indicators of the healtbraf eabsystems (Reis and
Brown 2007, Oliver et al 2011).In a study by Oliver et a(2011), the_DI index wasproven to be

fimore robust than other indicators of human activity, exhibitiegative correlations with stony

coral colony density, taxa richness, colony size, and total coral&cover

Data and Methods

The land cover maps for SARI presentethis section were derived from the NOAA Coastal

Change Analysis Program {CAP) national standardized land cover and change products for the
coastal regions of the U.S:CAP products inventory coastal intertidal areas, wetlands, and adjacent
uplands withthe goal of monitoring changes in these habitats. The timeframe for this 88@2is

2007, or 2012 (depending on the exact date of imagery used). These maps are develaethéhrou
automated classification of high resolution National Agriculture ImaBeogram (NAIP) imagery,
available Lidar digital elevation data, and assorted ancillary information (NEDAR, 2007, 2012).
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Figure4.3.1.2depicts land cover/use 2002, 2007, and 20Xar SARI. Similarly, FHgure 4.3.1.3

shows the Salt River watershed larwber/use ire002, 2007, and 201Eigure 4.3.1.4 provides a

more recent perspective of the land cover of the Salt River watershed. This image is derived from an
ESR basema2016 2018compositeThe majoriy of thewatershednapwas derived from 2016
aerialsand only the urban section located in shathwestused aerial imagerfyom 2018.

Land Use for 2002, 2007, 2012

Salt River Bay National Historical Park, St.Croix, U.S. Virgin Islands

2002 :

-
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[ Developed, Open Space [ Grassland/Herbaceous I Palustrine Forested Wetland A

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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Land Use for 2002, 2007, and 2012

Salt River Wastershed and Salt River Bay National Historical Park, St.Croix, U.S. Virgin Islands

Legend

e QUresms {ntermittent)

: s l Wotershed
Salt River Basin
Class Names
D Bare Land

. Cultivated Creps
. Daciduous Forest

Developed, Open Space

. Estuarine Emergent
Wetland

Estuarine Forested
Wetland

Estuaring Scrub/Shrub
Wetland

D Grassland/Herbaceous
[:] Impervious Surface

W oo vt

. Palustrine Emergent
Wetland

Psustrine Forested
Wetland

. Pasture/Hay
B scrvisnes
[ unconsatutated share

R
0 50 W0M0m

Pttt
NAD 1983 UTM Zone 20N

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 i CKAN (data.gov)).
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Salt River watershed on aerial imagery (2016 and 2018 Aerial Mosaic)
Salt River Bay National Historical Park, St.Croix, U.S. Virgin Islands

Park Boundary g
"1 Watershed ¥

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: 20161 2018 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 i CKAN (data.gov)).

Changes in land use/cover in the Salt River watershed were defined foritius p@02 2007and

2007 2012 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 Rivershatiand SARIlare cgtured in

the maps provided in Figures 4.3.1.5 drf@l1.6respectively

Landscape development intensity (LDI) coefficients calculated by Oliver (@0dl1) using the

Brown and Vivas (2005) methodology were assigned to each land use/cover type based on t
classifications adoptedytihe NOAA Coastal Change Analysis Progrdrable 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, Talld £ presents the LDI coefficients assigned
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to each land cover/use class and the percentage of area corresponding to each clasg\m&ad|.
weighted LDI index was calculated for each for the Salt River watershed and SARI as follows:

b 00 PO 0 00 pmm

where
LDItotaL = areaweighted landscape development intensity (LDI) index for watershed/park
%LU; = percent watershed (or park) land area in land,ussd

LDI; = landscape development intensity (LDI) coefficient for landiuse

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.

Percent of the surface of the watershed for a
LDl given land use /cover class (%)
Land use /cover class coefficient 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

105



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.

Percent of the surface of the watershed for a
LDI given land use /cover class (%)
Land use /cover class coefficient 2002 2007 2012
Bare Land 1.85 2.32 241 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 eference condition selected for the Salt Riveatershed was the condition of the basin in 2002,
asderived from the NOAA Coastal Change Analysis Progranr®/P) national standardized land

cover product (NOAA 2002). The upper paneFafure4.3.1.3 shows the Salt River watershed land

use in 2002. Within the boundaries of SARI, the land cover in 200Becabserved in the left panel

of Figure4.3.1.2. 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 /coverlass 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 o faataty in the basin (Donoso

2020). Table 4.3.1.Bresents 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.

Landscape development intensity (LDI) index
Geographical unit 2002 2007 2012
Salt River watershed (Donoso 2020) 2.32 2.38 2.28

Salt River Bay National Historical Park and

. 1.52 1.51 1.52
Ecological Preserve (SARI)
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Current Condition and Trend

The examination of the land use/cover of the Salt River watershed for the 2@0@@012(Figure
4.3.1.3) shows that there have been relatively small variations in the landscape GOsretes.

Changes in land use/cover for the Salt River watersleeghmwn in the maps provided irgére

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 perid2D02 2007in the central and southern part of the basin. For the period

2007 2012 changesre 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 p@@@# (2007, deciduous forest

hadthe highest percentage of surface covered by an individual land useratassgory, wh a

slight increaseln 2002, deciduous forests covered 37% (500 ha) of the surface of the Salt River
watershed, 37.5% in 200&nd 39% (515 ha) in 2012. Scrushrub with a 27.7%376.5 ha)

coverage occupied the second largestin percentage of the watershed surface in 200 type

of vegetation has also expanded, occupying 32.4% (441.2 ha) of the surface of the wiatershed
2007, and 34% (460 ha) in 2P. Pastures have dewd in the watershed from covering a surface of
174 ha in 2002 (13% of the watershedobds area) to
(5%) in 2012. Grasslands increased over the p@00d 2207, from a surface of 31.6 ha, in 2002, to
39.8 ha in2007, 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 201Rikewise, bare land patches, whictcapy a small percentage of the
watershed (less than 40%), covered a total surface 683192002, 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
(Brownand Vivas 205) 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 causeedediownstream

ecosystems and in coastal zones habitats (Richmond et a).Q0@&f et al. 2011). As a measure of

the intensity of human use of landscapes in the Salt River watershed, Olivé@14) calculations

yielded the highest LDI coefficiemalue 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 12007a in

and 130.73 ha in 201Zhis 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 (classift i on Adevel oped, open
surface did not change for the per@d2 2007, remaining equal to 106.40 ha (7.8% of the surface

of the basin); for the peria2D07 2012 the area increased slightly, reaching 111.3 ha (8.2% of the
basin). Thedtal 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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Land Use Change for 2002, 2007, and 2012

Salt River Wastershed and Salt River Bay National Historical Park, St.Croix, U.S. Virgin Islands
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Figure 4.3.1.5. Changes in land use/cover for the Salt River watershed over the period 20011 2007
(upper panel) and 20071 2012 (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 i 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 204 2007. However, for the period00 A

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 thaA® af Ba02

the total area of etlands inthe 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 sofflecbasin) 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 badiahle 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

Cultivated Crops

Deciduous Forest

Developed, Open Space

Estuarine Emergent Wetland

Estuarine Forested Wetland

Estuarine Scrub / Shrub Wetland

Grassland / Herbaceous

Impervious Surface

Open Water

Palustrine Wetland (Emergent & Forested)

Pasture / Hay

Scrub / Shrub

Unconsolidated Shore

iI»afa aas o=

In summary, although there were changes in 17.5% of the land use/cover of the Salt River watershed
for the period2002 2012 these were not major changes in general. The most prominent one

categoryof land use changes correspond to the 83 ha increasmibfssgub 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 gtaces, but is not significant enough to report an improvement on the condition of
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the watershed over the ten year perid@0@ 2012. All other changes increase or decrease of
coverage were less than 15 ha, equivalent to a bit over 1% of the surfagevatehshedn 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 signiftcantlue of the

LDI index was calculated as 2.32,38, and 2.28, for the year 2002, 2007, and 2012, respectively
(Donoso 2020). Oliver et a2011) 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 significamditate a

positive trend in the condition of the watershed due to a lesser effect of anthropogenic modifications
to the landscape.

Comparing the land cover througte period2002 2012(refer to kgure 4.3.1.3) with the image

shown inFigure 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 wa@vehalt.the

surface covered by vegetatiand populated areas appear to have remained almost the same from
2012 to the date of the ESRI image compog@l @ 2018. However, the lack of a more recent land
use/cover survey impedes carrying out a detailed analysis such as the oneuafdaethe period

2002 2012 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/cove
present in the basin (Olivet al.2011, Donoso 2020).

Changes in land use/cover for SARI al®wn in the maps provided ingkire 4.3.1.6. The
observation of these two maps show that there are very few detectable changes in laBdRbver
over the paod 2002 2012 The more recenand cover image (Figure 4.34) shows thaarea

within SARI continues to be covered twpodyvegetation, which is consistent with the layaver
shown in maps oRigure 43.1.2. This observation is consistent with previsslies (Moser et al
2011) indicating that serdleciduous forest sutormationaccounts for more than 80% of that
habitat.
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Land Use Change for 2002, 2007, and 2012

Salt River Bay National Historical Park, St.Croix, U.S.VirginIslands
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Figure 4.3.1.6. Changes in land use/cover for SARI over the period 20027 2007 (left panel) and 20071
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 activitieswaterdedscould
affectnatural 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 environmentsastal 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 Bt. Croix's population was 50,6QWS Census Bureau 20168jowever,

with the exodus that occurred after passage of Irma and Maria in 2017, the populateoWingitin

Island had decreaseéurthermore, tourism was reduced due to the impact of the storms to

hospitality facilities ad services (USVI HRRF 2018); consequently, ¢hstress related to this

industry was reduced. Similarly, today, with the advent of the COGM Dealth crisis, the influx of

tourists, which was slowly picking up after the 2017 hurriesata@ted decline, has once more

111

















































































































































































































































































































































































