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ABSTRACT

Regulation and management of coastal systems is often compartmentalized into
three broad categories: resource extraction (e.g. fisheries), coastal development, and
pollution control. In the US Virgin Islands, the existing monitoring and research regimes
dealing with coastal water quality, coral reef assessment, and fisheries management all
have convergent goals of assessing and protecting coastal habitats. The methodologies
and data analysis provided by these existing monitoring and research regimes are often
incompatible as they are inherently designed to answer individual resource management
or research questions associated with the regulatory program of interest.

Environmental indicators are selected key statistics that represent or summarize a
significant aspect of the state of the environment, natural resource suitability and related
human activities (Vendermeulen, 1998). The application of biological indicators or bio-
indicators, as a tool for monitoring and assessing ecological integrity within key coastal
systems is an emerging trend in natural resources management in the Caribbean. Bio-
indicators offer a signal of the biological condition within an ecosystem. Their
application as an early indication of pollution or degradation in an ecosystem can help
sustain critical resources (Dulcie and Warner, 2003). The most common bio-indicator
programs found throughout the Caribbean are most often associated with coral reef
monitoring programs. Coral reef monitoring programs are inherently bio-indicator
monitoring programs as they principally measure a range of biological conditions and
their changes over time.

The US Virgin Islands has no overall coastal habitat and protection strategy that
integrates the individual coastal monitoring and assessment programs historically or
currently existing in the territory. The territory’s environmental assessment and
regulatory authority, the Department of Planning and Natural Resources, has recently
undergone significant growth and expansion with its monitoring and assessment
capabilities with support from various federal agencies and directives from new federal
mandates. The opportunity now exists and warrants the creation of a comprehensive
coastal and marine habitat monitoring and assessment program with a common goal of
the preservation of ecological integrity. This would increase departmental efficiency and
provide a solid mechanism for achieving a key component in the Department’s overall
mission and Five Year Strategic Plan (DPNR, 2000) along with addressing goals of the
Department’s Multi-Year Monitoring Strategy (DPNR, 2001). This approach would
ultimately provide quantitative assessment tools allowing policy makers and program
managers to more accurately track the preservation efforts and, over time, tailor their
actions for the greatest effect. The integration of coastal management will be further
enhanced by identifying common programmatic goals and streamlining field
methodologies and monitoring station distribution where practicable.
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INTRODUCTION
The United States Virgin Islands (USVI) Department of Planning and Natural

Resources (DPNR) is tasked with managing the natural resources of the US Virgin
Islands (USVI). The geo-physical nature of the USVI through the connectivity of all its
watersheds to the coast, make integrated coastal management synonymous with
watershed system management. The context of watershed system management must
include coastal waterbodies and the marine communities in which they naturally support

for it to be successful.

The USVI span the border of the Caribbean Sea and Atlantic Ocean at the eastern
extreme of the Greater Antilles and consist of three main islands (St. Croix, St. Thomas,
and St. John) and 57 smaller islands and cays that surround them. The islands were

purchased from Denmark in 1917, and are now a territory of the United States.

The most valuable natural resources in the USVI are its pristine waters and its
distinctive marine and wildlife habitats. Protection of these unique features in the face of
increasing population size and economic development has become increasingly difficult.
During the last century, the USVI has experienced a shift from mostly agricultural land
use to industry. Since 1970, the population has tripled and the economy has become
increasingly dependant upon tourism, government, petroleum refining, alumina

processing, and small-business industries.

Watershed system management in the USVI has traditionally focused on a top
down approach—Ilooking at pollution generators and regulating for point sources. While

this is an important aspect of watershed system management and has proven successful in



limiting the highly concentrated sources of pollution, it misses the broad cumulative
pollution created by non-point sources. Non-point source pollution is widely accepted as
being equally significant a pollution source, especially in the sensitive coastal

environments found throughout the USVI.

Integrated coastal system management must take into consideration the
interactions of the upland watershed’s land use and geophysical characteristics and the
dynamic equilibrium the watersheds influence with mangrove, seagrass, and coral reef
ecosystems. Sediments, nutrients, and other chemicals are carried by freshwater runoff.
They are first filtered by coastal forests, then wetlands with mangroves, and finally
seagrass beds. The existence of coral reefs is directly dependent upon the buffering
capacity of the shoreward ecosystems which help create the oligotrophic conditions under
which coral reefs flourish. Coral reefs, in turn, buffer the land from the influence of the

open ocean (Linton and Warner, 2003).

Land and water use practices in coastal communities are intimately linked to
coastal water quality and coastal habitat health. Diagnostic monitoring in coastal
waterbodies should strive to associate watershed land use practices to impacts in the
receiving waterbodies. The US Comission on Ocean Policy recently acknowledged that
linking coastal and watershed management “addresses water quality and quantity issues
by acknowledging the hydrologic connections between upstream and downstream areas
and considering the cumulative impacts of activities that take place throughout the

watershed” (US Commission on Ocean Policy, 2004, p. 113).

Mangrove depletion has been prominent in the majority of the US Virgin Islands
and most reefs are at high risk (Burke et al.,, 1998). In the Caribbean, less than 10% of
total domestic waste receives treatment before disposal and much reaches coastal waters,
causing eutrophication and accelerated algal growth. Sewage pollution from both failing
septic systems and from failing publicly owned treatment works is a major pollution
source in the US Virgin Islands. Caribbean coral reef ecosystems also have been

afflicted with natural damage due to hurricanes and prolonged algal blooms following the
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Caribbean-wide mass-mortalities of Diadema antillarum in 1983. The lack of herbivory,
due to the loss of Diadema and chronic over fishing, has allowed algae to replace coral in

many areas, particularly after the coral has been reduced during recurrent hurricanes

(IUCN/UNEP, 1988).

Traditional coastal monitoring programs look almost exclusively at abiotic
parameters to perform coastal waterbody health assessments. While these abiotic
parameters (e.g. dissolved oxygen, temperature, pH, turbidity, etc...) are important
considerations for assessing the overall condition of a waterbody, they are often hit or
miss when it comes to detecting pollution events and cumulative effects over an

assessment period.

The use of biological attributes in marine pollution monitoring in the USVI is
justified for at least four reasons:

* First, they assess only those pollutants which are bioavailable, thereby the
pollutants which are the most important.

* Second, they can reveal biological effects at contaminant levels below current
chemical analytical detection limits (e.g. due to chronic low level events).

* Third, they can reveal biological effects of contaminants missed during scheduled
abiotic monitoring (e.g. due to short-term pulse events).

* Four, biological attributes can help assess synergistic, additive, or antagonistic
relationships among pollutants (an important consideration with the numerous

pollutants released throughout an upland watershed) (Ginsburg, 1994).
An additional advantage of biological attributes is that they are useful in detecting

degradation caused by factors other than pollution (e.g. habitat structure, flow regime,

food (energy), biotic interactions) (Jameson and Erdman, 2001).
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PROGRAM JUSTIFICATION
DPNR’s coastal management responsibilities include:

* (Coastal zone development regulation.

* C(Coastal point source discharge regulation.

* Non-point source pollution reduction.

*  Watershed restoration prioritization.

* Coastal water quality assessment for primary contact recreation and aquatic life
use support for the propagation of desirable species.

* Establishment and management of marine parks.

* Fisheries management.

All of these responsibilities require environmental measures to: assess their
success, acquire more funding, implement or lift quotas or moratoriums on natural
resource usage, and develop or revise management strategies. An additional requirement
of environmental measures is to determine if change is occurring due to natural, spatial,
temporal, or other factors beyond the control of territorial natural resource managers such

as global change or regional phenomena.

Aside from fisheries assessment, bacteriological water quality assessment, and
limited coral reef assessment, no biological monitoring is routinely performed by DPNR.
Moreover, the fisheries and coral reef assessment projects are not appropriately set up to
identify nearshore waterbody condition assessments and will not identify impacts of land-

based sources of pollution from specific watersheds.

Without monitoring projects specifically designed to assess biologic conditions of
coastal waterbodies, appropriate land use and water use management decisions will lack
the scientific understanding of the marine communities affected by those decision. Such
understanding is required to effectively uphold fundamental directives of territorial
coastal management and water quality protection laws, and address primary funding

requirements of operational grants.
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Departmental Benefits:
There are at least eight areas where a coastal biological monitoring program

designed to assess pollution impact will benefit DPNR:

1. Coastal development permitting (regulation)
Total Maximum Daily Load (TMDL) development
Watershed restoration prioritization
Point Source permitting
Water Quality Standards development
Land and water use planning development

Fisheries management

e A A e B

Territorial marine park management and establishment

These eight Departmental components comprise the bulk of territorial programs
established through territorial law and are supported, and in some cases deligated, by
federal regulatory and research agencies, such as the US Environmental Protection
Agency (EPA), the National Oceanographic and Atmospheric Administration (NOAA),
and the US Fish and Wildlife Service, to implement territorial natural management
programs. All of these components have significant implications on Departmental
resources as well as significant impact on land and water use practices throughout the
territory. A summery of Departmental biological assessment needs include (arranged by
Department Divisions):

* Division of Environmental Protection:

0 Integrated Water Quality Assessment Report data needs

0 Impaired waterbodies restoration (TMDL development)

0 Unified Watershed Assessment (UWA) revision

0 Watershed Restoration Strategies (from TMDL and UWA processes)
* Division of Fish and Wildlife:

0 Essential Fish Habitat assessment
* Division of Coastal Zone Management:

0 East End Marine Park

O Areas of Particular Concern
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PROGRAM GOALS

The basic goal of the biological monitoring program is to provide decision makers

with scientifically sound (legally defensible and scientifically reproducible) information

on the condition of a waterbody based on its biological attributes in comparison to

threshold values or criteria.

Specific biological monitoring program goals for DPNR include:

Methods:

1) The application of methods that compliment water quality assessments.

2) The application of methods that are both: feasible to implement given existing
equipment, personnel and budgets; and flexible to adjust to new Departmental
resource additions or opportunities.

3) The methods should yield quantitative results that can be compared to a reference
condition and applied as a metric.

4) The methods should be applicable across the range of biological habitats typically
found throughout the US Virgin Islands.

5) Where possible, methods should be consistent with other territorial monitoring
programs. Where these do not exist, methods should be consistent with regional
programs.

6) Methods should support the development of biological criteria.

7) Methods should be replicated easily by different individuals.

Data:
8) The establishment of threshold values or criteria for each method and habitat type.
9) The generation of quantitative data to support: the Semi-Annual USVI Integrated

Water Quality Assessment Report and Impaired Waterbodies List.

10) The generation of quantitative data to support multiple program objectives.

11) The generation of quantitative data that links land and water use practices to

specific waterbody condition.

12) Where possible, methods should support other Departmental data needs with the

ancillary information collected.
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Biological:
13) Utilize organisms as indicators that:
A) Exhibit responses to expected pollution loads that are predictable and
measurable;
B) Are sessile and non-migratory (or have a small home range) so that they
represent waterbody conditions over time.

O) Are not: endangered; threatened; or commercially harvested.
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MANAGEMENT and REGULATORY MANDATES
Section 101 of the Federal Clean Water Act requires that the governement of the

US Virgin Islands “restore and maintain the chemical, physical, and biological integrity
of the nations waters”. Section 181 of the US Virgin Islands Water Pollution Control Act
declares the policy of the US Virgin Islands “to conserve the waters of the US Virgin
Islands and to protect, maintain and improve the quality thereof for public water supplies,
for the propogation of wildlife, fish, and aquatic life, and for domestic, recreational, and

other legitimate beneficial uses”.

Water Quality Standards of Usage:

Water quality standards have been established by the USVI to ensure the best
usage of waters within the territory. The Virgin Islands Rules and Regulations, Title 12,
Chapter 7, Subchapter 186, §11 defines the legal limits of Class A, B, and C waters in the

USVI. The three designated use classifications are as follows:

Class A: Preservation of natural phenomena requiring special conditions.

Class B: Propagation of desirable species of marine life and primary contact
recreation (the majority of waters in the USVI are Class B).

Class C: Propagation of desirable species of marine life and primary contact

recreation (with less stringent water quality criteria than Class B).

When EPA and a state or territory elect to incorporate biological criteria in their
designated use water quality, these criteria serve not only to refine those standards, they
become benchmarks for decision making as well as elements for regulatory decisions

when the standards are enforced.
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Reporting:

The semi-annual Integrated Water Quality Assessment Report required by Section
305(b) of the Clean Water Act places all territorial waterbodies into the following

categories:

* Category 1:
The waterbody is placed in this category if it is supporting for both primary
contact recreation and aquatic life use support.

» Category 2:
The waterbody is placed in this category if it supports one designated use but no
data is available to determine if the second designated use is supported. Waters
with insufficient data will be scheduled for more extensive monitoring in the
USVI's multi-year monitoring schedule.

* (ategory 3:
The waterbody is placed in this category if insufficient or no data is available to
determine if any designated uses are supported. The Virgin Islands considers
insufficient data as anything less than four quarters of monitoring. Waters with
insufficient data will be scheduled for more extensive monitoring in the USVI's
multi-year monitoring schedule.

» (ategory 4:
Assessment units that are found to be partially or not supporting for one or both
designated uses are place in category 4 under the appropriate subcategory (4A,
4B, 4C).

* Category 5:
The assessment unit is placed into this category if the impairment was caused by a
pollutant in which case a total maximum daily load must be established.
Assessment units that are placed into Category 5 will be placed on the 2004
303(d) Total Maximum Daily Load List (TMDL) development list.
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Waterbodies in Categories 2, 3, and 5 require assessment strategies of varying intensity.
Coastal waterbodies in these categories will benefit the most from adopting biological

indicator monitoring.

Inclusion of biological assessment results in the Integrated Water Quality
Assessment Report and Impaired Waterbodies List will improve the public understanding
of the biological health and integrity of water bodies. Many of the better known and
widely reported recoveries from pollution have involved the renewal or reappearance of
valued species to systems from which they had nearly disappeared, or systems cleaned to
the point that people can harvest and consume the fish and shellfish. Examples of such
recoveries are the restoration of the lower Potomac River and shellfish beds in Maine.
Incorporation of biological integrity in 305(b) reports will ensure the inclusion of a
bioassessment endpoint, and will make the reports more accessible and meaningful to

many segments of the public (Jameson, 1998).

Active Management:

Impaired WaterbodiesList:
Of significant consequence to DPNR and the territory are the mandates set forth

in Section 303(d) of the federal Clean Water Act. Section 303(d) requires states and
territories to develop a list of impaired waters needing TMDLs every even-numbered
calendar year. An impaired waterbody is one for which technology-based pollution
controls are not stringent enough to attain or maintain compliance with applicable state
and territory water quality standards. In order for a water quality-impaired waterbody to
attain water quality standards, a Total Maximum Daily Load (TMDL) must be developed
and implemented specifically for that waterbody and pollutant(s) of concern. A TMDL is
a quantitative assessment of the amount of pollution that a certain waterbody can

assimilate while still meeting water quality standards.

US EPA regulations require states and territories to:

* Identify water quality impaired waters still requiring TMDLs after the
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implementation of technology-based or other pollution controls,
» Establish a priority ranking of these waters,
* Identify pollutants causing impairment,
* Identify waters targeted to begin TMDL development over the next two (2)

years.

An assessment unit is designated as “use impaired” if the quality of the
assessment unit may not meet the water quality standards for protection of designated

uscs.

East End Marine Park:
The newly formed East End Marine Park on St. Croix is in its infancy.

Management strategies are still being defined. Baseline assessments and routine
biological monitoring are required to ascertain the Park’s marine conservation
effectiveness. Land use implications for upland areas outside of the Park’s jurisdiction
may generate more detriment to marine resources within the Park than the current
legislation contemplates. Land based sources of pollution impacts will have to be
assessed utilizing indicators of biological integrity of the very marine resources the Park
is designed to protect. The methodologies developed in this implementation plan are

appropriate for this task.

Water shed Restoration Action Strategies:
The Unified Watershed Assessment (UWA) Report for the USVI categorizes

watersheds based on water quality impacts to sensitive aquatic systems. The UWA

prioritizes watersheds for restoration and active management to protect sensitive systems.

UWA Categories are:
1 Watersheds in need of restoration
2 Watersheds meeting goals, including those needing action to sustain water
quality
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3 Watersheds with pristine or sensitive aquatic conditions on lands administered

by the government

4 Watershed with insufficient data to make assessment

Tablel. UWA Watershed Categorization for St. Croix (DPNR, 1998).

Category
1 2 3 4
Bethlehem Fort Frederik Hams Bay Whim/Prosperity
HOVENSA Enfield Green Long Point Bay Good Hope
Water shed Airport Half. Penny Bay Long Point Spring Ba}f
Name Diamond Judith's Fancy Rust Up Twist
Southgate Orange Grove
Christiansted Manchenil Bay
Great Pond Bay Sugar Bay
Dolby Hill
Cane Garden
Per mitting:

Coastal Zone Management Permitting:

An additional benefit of establishing Departmental methodologies for biological
monitoring is the creation of a standard methodology that may be required of Coastal
Zone Management applicants. Consistent baseline surveys and long-term environmental
impact monitoring requirements across the territory will benefit applicants and the
Department. If DPNR promotes bio-indictor monitoring as a complimentary approach to
water quality monitoring, DPNR can require developers to apply predetermined
methodologies and data analysis techniques in the Water Quality Certification process.
Baseline and long(er) term monitoring for impacts will be more indicative of real

environmental impact.

TPDES Permitting:
This process is particularly appropriate to the Territorial Pollution Discharge

Elimination System (TPDES) Permit review procedures. Biological monitoring upstream
and downstream of a permit site, when compared to the established baseline indices, will
help reveal the adequacy of the permit to achieve its intended purpose. With TPDES
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permits, the five year review allows sufficient time for extensive biological information

to be developed so this determination can be made with reasonable confidence.

The

permittee may also be held accountable to claims of their project’s environmental impact

well into the future.

Collaboration:

DPNR shares management responsibility and, in some cases authority, with other

organizations. Table 2 describes coastal management areas in St. Croix. A few of these

organizations perform environmental monitoring to aid in their management and project

collaboration should be considered.

Table2. Coastal management areasin St. Croix (CDC, 2000; NOAA, 2001) and
associated water bodies (adopted from Batelle, 2003).

Management Area Type Managing Agency Water body Number
. Wildlife . . .
Billy French Wetland Preserve Refuge/Reserve/Sanctuary University of the Virgin Islands | AU-STC-59
Buck Island Reef National National Park National Park Service AU-STCH41, 42

Monument

Christiansted Waterfront

Area of Particular Concern

USVI Department of Planning
and Natural Resources

AU-STC-24, 26, 29, 30

Designated Critical Habitat:

National Marine Fisheries

Leatherback Turtle Designated Critical Habitat Service AU-STC-76-84
Designated Critical Habitat: | iy 0o 4 Critical Habitat | US Fish and Wildlife Service | AU-STC-80-83
Leatherback Turtle

East End Area of Particular Concern USVI Department of Planning AU-STC-40, 43, 45, 46,

and Natural Resources

48

Frederiksted Waterfront

Area of Particular Concern

USVI Department of Planning
and Natural Resources

AU-STC-1-3

Great Pond and Great Pond
Bay

Area of Particular Concern

USVI Department of Planning
and Natural Resources

AU-STC-51-53, 58

Green Cay National Wildlife
Refuge

Wildlife
Refuge/Reserve/Sanctuary

US Fish and Wildlife Service

AU-STC-37

Long Point Preserve

Wildlife
Refuge/Reserve/Sanctuary

The Nature Conservancy

AU-STC-77

Mutton Snapper Spawning
Aggregation Area

Fishery Closure Area

Caribbean Fishery Management
Council

AU-STC-78, 81, 84

USVI Department of Planning

Salt River Bay and Watershed | Area of Particular Concern AU-STC-16-21
and Natural Resources

Salt River Bay Marine Reserve | Wildlife USVI Department of Planning AU-STC-16-18

and Wildlife Sanctuary Refuge/Reserve/Sanctuary and Natural Resources

Salt River Bay National Wildlife

Historic Park and Ecological Refuge/Reserve/Sanctuary; National Park Service AU-STC-16-18

Preserve

National Park
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Management Area

Type

Managing Agency

Waterbody Number

Sandy Point

Area of Particular Concern

USVI Department of Planning
and Natural Resources

AU-STC-80-84

Sandy Point National Wildlife
Refuge

Wildlife
Refuge/Reserve/Sanctuary

US Fish and Wildlife Service

AU-STC-80, 82, 83

South Shore Industrial Area

Area of Particular Concern

USVI Department of Planning
and Natural Resources

AU-STC-59-67

Southgate Pond and Cheney
Bay

Area of Particular Concern

USVI Department of Planning
and Natural Resources

AU-STC-34-37

There are several ongoing coastal monitoring programs in St. Croix.

These

consist of both ferderal and local programs, though the federal projects tend to focus on

Buck Island National Monument.

Of all these programs, only two are oriented to

detecting and monitoring the impacts of pollution. These are the DPNR/DEP and UVI

programs. Of these two, only the DPNR/DEP program has adequate spatial distribution

to represent waterbody condition associated with specific watersheds, yet, this program

does not employ the use of bio-indicators. Table 3 depicts ongoing monitoring biological

monitoring programs in St. Croix and highlights Departmental related projects.
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Table 3. Biological Monitoring Programsin St. Croix

. - Keywords/ . Dates Sampling Funding
Title Originator Contact Target Info Domain Collected | Frequency Source
Reef fish
transects
USVI Reef and point NOAA/NOS
i WesToller ) . 2000- 1X per Coral
Monitoring | DPNR/DF& W counts, St. Croix oo
. 340.773.1082 . present year Monitoring
—Fish STX Fish Grants
habitat
assessment
Ambient C\/S:ta;l
Water Aaron ualit ~1970-
Quality | DPNR/DEP | Hutchins m(?mtor% | usvi et | —Quarterly EPA
Monitoring 340.773.1082 g P
Program Coastal
9 Pollution
Quadrats
and
Marcia Transects DPNR/DEP
'\c/l:%rn?{[cf:ﬁ?f uvi Taylor of coral St. Croix %S;e??nt 2xeg(rar and
9 340.692.4046 | reef benthic P y DPNR/CZM
cover,
sediment
Buck
Reef fish Island Reef NOAA/NOS
NOS. Co'ral NOAA/NOS/ J.ohn transects Monument, Coral
Monitoring . Christensen . . .
. Biogeo and point St. Croix Monitoring
- Fish 301.713.3028
counts and St. Grants
John
1 drat Buck
NOS Coral “;guzthrf‘ % | Island Reef NOAA/NOS
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EXISTING MANAGEMENT TOOLS

Watershed Delineation:

DPNR has undergone a shift towards employing a watershed system management

approach. This is evident across multiple programs and extends into the territorial seas.

The Department has adopted a watershed management unit size equivalent to a HUC 17

(hydrologic unit code). There are 27 watersheds (including Buck Island) on the island of

St. Croix at this scale.

Figurel. St. Croix Water sheds.
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Land Use and Land Cover:

Land use and land cover maps were recently completed for St. Croix. These
should be used in assessment and planning in integrated coastal system management.

Figure 2 shows St. Croix with land use and land cover and watersheds.

Figure2. St. Croix land use and land cover (1999).
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Long-term Monitoring Stations:

There are approximately 60 permanent water quality monitoring stations around
the island of St. Croix (Figure 3). These are primarily long-term monitoring stations that
were established in the 1970s, prior to adapting a watershed management approach. As a
result, there are several geographic data gaps where no permanent monitoring stations

exit within coastal waterbodies.

Figure 3. Water Quality (WQ) Monitoring Stations.
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Benthic Habitat Delineation:

The distribution and health of benthic habitats, especially the coral reefs and
seagrasses commonly found throughout the USVI, are influenced by abiotic factors that
in turn can be affected by water quality degradation. Changes in light penetration,
sedimentation, and temperature arising from water quality degradation can be detrimental
to these ecologically important habitats. To aid in managing and conserving these
habitats the NOAA benthic maps (NOAA, 2004) were used to map and describe benthic
zones in the USVI. Zone descriptions and habitats typically occurring in each zone are
summarized in Table 4 (Batelle, 2003). Table 5 shows benthic components of individual
coastal waterbodies. Figure 4 shows a map of St. Croix with watersheds, coastal

waterbodies, streams and benthic habitats.

Figure4. St. Croix with water sheds, streams and benthic habitats.
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Table4. Typical benthic habitats within benthic zonesin the U.S. Virgin I slands

(NOAA, 2002).

Benthic Zone

Typical Benthic Habitats within Benthic Zone

Shoreline intertidal

Mangrove

sand

seagrass

colonized and uncolonized bedrock

Lagoon

sand
seagrass
algae
pavement
bedrock
patch reef

Back Reef

sand

reef rubble
seagrass
algae
linear reef
patch reef

Reef Crest

= reefrubble
=  linear reef

Fore Reef

= linear reef
=  spur and groove reef

Bank/Shelf

= sand

= patch reef

= algae

= seagrass

= linear reef

=  colonized and uncolonized pavement

=  colonized and uncolonized pavement with sand
channels

= other coral reef habitats

Bank/Shelf Escarpment

= sand
= linear reef
=  spur and groove reef
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Table5. Benthic habitatsin coastal waterbodiesin theterritorial watersof St.
Croix, U.S. Virgin Idands (adopted from Batelle, 2003 and NOAA, 2002).

Designated LG L7
Water body Water shed g Quality Benthic Habitat
Waterbody Name Use Class, - S
Number Name M onitoring Description
TMDL Status .
Station ID
Frederiksted Colonized bedrock and
AU-STC-02 Harbor La Grange C STC-28,29 pavement
Salt River Estuary: .
-Marina Salt River B exception Linear reef, seagrass,
AU-STC-16 ’ STC-33a-j macroalgae, and
-Sugar Bay Bay TMDL
AU-STC-17 Salt River Ba unknown.
AU-STC-18 | ~ vet bay
Primarily seagrass, also
Christiansted .. STC-37, 40- linear reef, macroalgae,
AU-STC-26 Harbor Christiansted ¢ 47,49 colonized bedrock and
pavement, and unknown.
AU-STC-35 Tamarind Reef Southgate B exception STC-4 Unknown.
Lagoon
. Primarily seagrass, also
AU-STC-36 Green Cay Beach Southgate B exception colonized bedrock.
Linear reef, patch reef,
Buck Island scattered coral rock.
AU-STC-41 Buck Island A STC-6 Colonized bedrock and
Backreef
pavement, seagrass, sand,
and uncolonized bedrock.
Primarily patch reef and
scattered coral rock, also
AU-STC-42 Buck Island Buck Island A colonl.zed pavement with
Forereef and without sand
channels, seagrass, and
linear reef.
Primarily unknown, also
seagrass, linear reef,
AU-STC-61 Hess Oil Virgin Hovensa C STC-16, 17 scatte'red coral rock, ar}d
Islands Harbor colonized pavement with
and without sand
channels.
AU-STC-63 Martl.n-Marletta‘ Hovensa C STC-19, 20, Unknown, mangrove, and
Alumina Harbor 20a, 21 seagrass.
Manning Hovensa . L .
AU-STC-64 Bay/Estate Bethlehem B ?ﬁg{on’ Erg;lari{lya(iolomje;ia
Anguilla Beach Airport CATOCK, als0 Seagrass.
Enfield Green B i Primaril |
AU-STC-74 Beach/VIRIL Diamond exception, STC-24a, b Tmartly scagrass, aiso
TMDL colonized bedrock.
Outfall
AU-STC-76 Carlton Beach Long Point B exception STC-25 Prlma.rlly seagrass, also
Bay colonized pavement.
AU-STC-79 | Good Hope Beach Sandy Point B exception STC-26 Primarily seagrass, also

colonized bedrock.
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Waterbody Delineation:

There are 84 waterbodies delineated within the territorial seas surrounding the
island of St. Croix (Figure 5). In general, the waters of the USVI are delineated into three
zones: coastal embayment waterbodies, nearshore waterbodies, and offshore waterbodies.
Coastal embayments are identified as those waterbodies surrounded primarily by land
(e.g. bounded by land on more than one side). The shorelines of the three islands in the
USVI are complex and form many embayments that are distinct from the waterbodies
immediately adjacent to them. Because embayments are confined by land, these
waterbodies may exhibit restricted mixing and circulation, thus leading to water quality
concerns from point and non-point sources from the surrounding land mass (Batelle,

2003).

Seaward from land, two classes of waterbodies can be identified: nearshore
waterbodies and offshore waterbodies. Those adjacent to land with at least some portion
of the waterbody in contact with the land are classified as nearshore waterbodies. Like
embayments, nearshore bodies of water may be impacted by point and non-point sources
from the adjacent land mass. Unlike embayments, however, the mixing and water
circulation may not be as restricted as is observed in embayments. Water circulation in
nearshore waters will likely be under greater influence from wind-driven currents, tidal
currents and those ocean currents generated from interactions of water with benthic
features and changes in water depth. Additionally, in nearshore waters, the interaction
between currents and the shoreline may create longshore currents that will serve to

disperse pollutants entering the area (Batelle, 2003).

Water depth is an important factor affecting light penetration and water flow.
Therefore, behavior of contaminants and water quality can be related to bathymetry.
Benthic morphological features such as reef crests and the shelf edge can strongly
influence circulation and thus may influence water quality. In the absence of these

features bathymetric contours were used to delineate waterbodies. The 5 meter contour
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and 20 meter contour were used as criteria for delineation. These depths are related to
photic zones that influence the development of shallow Acropora (elkhorn coral) reefs
(less than 5 meter depth), linear reefs (along shoreline or mid-depth at 5 meter to 20
meter depths), and deep reefs (at and beyond shelf edge, greater than 20 meter depth).
Delineating waterbodies along the 5 meter and 20 meter contours enables the anticipation
of potential impacts to these different reef types should water quality in a waterbody

become impaired (Batelle, 2003).

Figure5. Waterbody delineations.
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METHODS:
After extensive literature review and review of similar monitoring programs

throughout territory, US, and Caribbean region, the following methodologies are selected
to best meet the specific goals listed above. The multi-level approach is intended to
create flexibility in the program. The levels consist of Preliminary Screening, Level 1,

and Level 2.

Preliminary Screening is a rapid qualitative assessment of the waterbody of interest. It is

used to characterize basic waterbody physical and biological properties. This information
is used to determine which biological monitoring methods are most appropriate for that

waterbody.

Level 1 applies methodologies that require site visits and SCUBA diving to collect
biological data. Departmental employees certified for SCUBA diving operations will
require only minor training and technical skills to follow methodologies. Most
equipment required is already owned and maintained by the Department. No outside
assistance is required. Field collection can be performed with a crew of three employees
(one team leader, one assistant, and one boat operator). Data analysis can be performed

at the office.

Level 2 applies techniques that require additional expense and outside assistance. This is
in the form of laboratory services to perform tissue trace metal analysis. Costs vary and
EPA Region 2 may be able to assist in performing the analysis for no charge. Costs and
laboratory arrangements should be considered on an individual basis. Sample collection
may be performed with experienced Departmental divers. Data analysis will be

performed at the office.
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Preliminary Screening

Preliminary Screening:
1) Identify expected pollutant types from land and water use practices. This step

requires Departmental database and GIS review.

2) Characterize current patterns. This step may require field experimentation if
known literature sources do not sufficiently describe the waterbodies current/flow
characteristics. Field experimentation may be as simple as releasing numbered
grapefruit from various locations into the water and timing and observing their
movement through the waterbody; or as sophisticated as deploying a drogue with
GPS and data recorder and then mapping waterbody hydrodynamics using GIS

software. Figure 6 depicts general current patterns around St. Croix.

Figure 6. General Current Patternsaround St. Croix (adopted from van Eepoel et
al., 1971).

3) Characterize general benthic community. NOAA Benthic Community Maps and
Tables should be first evaluated. Simple ground truthing should follow. A short

session of snorkeling, bounce diving, or manta tow should be adequate. This is a

Page 25




Preliminary Screening

broad characterization and includes only 4 categories: coral reef/colonized hard
bottom, seagrass, algae, or uncolonized substrate. If coral reef substrate appears
to be the predominant feature, evaluate reef topography as high relief areas will

not suit this program’s coral reef methodology (below).

4) Identify locations of point source discharges (including natural drainage ways)

along the shoreline or outfalls underwater.
After Preliminary Screening is complete, determine which methodologies to

employ based on the dominant benthic community. In some cases it may be appropriate

to employ more than one methodology.
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Coral Reef M ethodologies

Coral Reef Methodologies:
Human activities degrade coral reefs by changing one or more of five principal

groups of attributes often through undetected yet potentially devastating effects. These
principle groups are: 1) water quality; 2) habitat structure; 3) flow regime; 4) food
(energy); and 5) biotic interactions (Jameson and Erdman, 2001). Coral reefs are
efficient recyclers. As a result, chemical pollutants (e.g., nitrates and phosphates in an
eutrophication situation) are taken up by the system at extremely rapid rates. In many
cases, water sampling can not detect a significant change in water quality whereas
detrimental changes could be detected using biocriteria that included bio-indicator
species (Jameson, 1998). The aim of any coral reef assessment program is to distinguish
relevant biological signal from the noise caused by natural, spatial, and temporal

variations.

Note: There are two Level 1 methodologies for coral reefs. Level 1-A applies image
classification of digital still photos and digital video images. Level 1-B applies the
FoRaM Index.

Level 1-A:
Digital Imagery with software aided image classification.

This methodology is often used in traditional coral reef monitoring
programs. Data from existing monitoring program should provide all the
information found in Table 1. As DPNR currently performs this monitoring
through contract with the University of the Virgin Islands (UVI), this
methodology can be applied to existing data. Monitoring station locations should
be adjusted under the Department’s contractual monitoring projects with UVI.
Current station distribution does not effectively associate watershed specific

pollution with coral reef health.

Photoquadrats:
This 1s less time consuming for field data collection and image post

processing.
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Coral Reef M ethodologies

Coral Reef M ethodologies (continued)

Install three Im x 1m permanent digital photaquadrats following the

methodology for photoquadrats established in the Coral Reef Monitoring Manual
for the Caribbean and Western Atlantic (Rogers and Beets, 2001). Collect routine

data quarterly. Collect episodic data as warranted and feasible.

Video Transects:
This is more time consuming in the field and in image post processing.

The advantage is that more data is collected.

Install six permanent 10 meter transects on coral reef within each
waterbody. Follow the field methodologies applied by the University of the
Virgin Islands (Nemeth et al., 2003) for coral reef monitoring utilizing digital
video transects (modified in 2003 from Coral Reef Monitoring Manual for the

Caribbean and Western Atlantic (Rogers and Beets, 2001)). As with the

photoquadrat method, collect routine data quarterly and episodic data as

warranted and feasible.

Classify images with commercially available software (e.g. Point Count)

or perform classification utilizing ArcGIS or ERDAS Imagine.

For purposes of territorial pollution impact monitoring, the image
classification output should include the output parameters of Table 6. In addition
to general reef classification, specific indices used to assess pollution impacts are:
the Shannon Weaver Diversity Index, the Degradation Index (ratio of percent
planner cover of live coral to recently dead and diseased coral); percent cover of
macroalgae; percent cover of sediment; and percent cover of the disease

Aspergillosis.
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Coral Reef M ethodologies

Table 6. Example photaquadrat or video transect data summery output (modified

from Nemeth et al., 2003).

Results Summary Chart

Shannon Weaver

CATEGORY

# POINTS

PERCENT

Diversity Index:

CORAL

GORGONIANS

SPONGES

ZOANTHIDS

MACROALGAE*

CORALLINE ALGAE

Degredation Index:

DEAD CORAL w/ TURF ALGAE

DISEASED CORALS

Aspergillosis*

NON-LIVING SUBSTRATA

Sediment*

OTHER, LIVE

UNKNOWNS

TOTALS]

* Category or subcategory important as an indication of pollution related conditions.

Disease Overview

Aspergillosis is a lesion producing fungal infection of Caribbean soft

corals. It affects 6 species of sea fans and sea whips and is widespread throughout

the Caribbean. The pathogen is Aspergillosis sydowii, a terrestrial fungus (Geiser

et al., 1998), which infects gorgonia after germination of spores on the coral

surface. This is followed by penetration and spread of hyphae in coral tissue,

resulting in highly visible lesions. Lesions may be associated with complete loss

of tissue and skeleton, and often occur at multiple sites across an infected colony.

Purple galls may be produced by the coral host to encapsulate fungal hyphae. If

such galls are present, fungal hyphae are visible if the gall is cut open. One

known reservoir is African dust. See (Alker et al., 2001; Geiser et al., 1998; Kim
et al., 2000; Nagelkerken et al., 1996, 1997; Smith et al., 1996, 1998.) May be

linked with increased turbidity from terrestrial runoff (Linton and Warner, 2003;

NOAA, 2004).
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Coral Reef M ethodologies

Level 1-B:
FoRaM Index.

Hallack et al. (2003) have recently shown that foraminifers are ideal bio-
indicators in coral reef assessment because they use the FoRaM Index
(Foraminifers in Reef Assessments and Monitoring) to determine the suitability of
benthic environments for communities dominated by algal symbiotic organisms
(Hallack et al., 2003). The FORAM Index is based on 30 years of research on
reef sediments and reef-dwelling larger foraminifers (Hallack ef a., 2003). These
shelled protists are ideal indicator organisms because: 1) foraminifers are widely
used as environmental and paleo-environmental indicators in many contexts, 2)
foraminifers with algal symbionts have similar water-quality requirements to reef-
building, zooxanthellate corals, 3) foraminifers have relatively short life spans as
compared with long-lived colonial corals which can facilitate differentiation
between long-term water-quality decline and episodic stress events, and 4)
foraminifers are relatively small and abundant, permitting statistically significant
sample sizes to be collected quickly and relatively inexpensively, ideally as a

component of comprehensive monitoring programs (Hallack ez al., 2003).

In the Caribbean and western Atlantic region, where disease and bleaching
have profoundly damaged coral communities, the FI can be used to assess
whether water quality is sufficient to support reef recovery even in the absence of
significant coral populations. Resource managers should increasingly focus on
this form on monitoring to assess impacts to coral communities. Using the
information, more informed decisions can be made on regulations and mitigation

controls

Field Sample Collection
The ideal sample size is 10 grams dry weight of surface sediment, which is
a volume of approximately 10-20 cm’. A sample of this size can be split in half,

with one half saved as backup or archived. More sample will be required if
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Coral Reef M ethodologies

constituent analysis (requires a minimum of 15 c¢m’) and dating will be done.
Otherwise, the remaining half is divided into an approximately 1-gm portion and
a 4-gm portion. The 4-gm portion is used for routine sediment grain-size analysis
(Folk, 1974). If such analysis is being performed as part of the larger monitoring

effort, then it need not be repeated on the foraminiferal sample.

Figure 7. Surface samplesbeing collected directly by SCUBA

Enumeration of Foraminferal Taxa

The 1-g portion of the sample should washed with fresh water over a 63-
pm mesh sieve to remove mud-size sediments, then dried on filter paper at 40-50°
C until the sample is thoroughly dry. The dried sample should be disaggregated if
necessary, thoroughly mixed, and poured into a mound on a clean, smooth
surface. With a fine spatula, a small scoop of the sample (approximately 0.01 gm)
is removed from the center of the mound and weighed to the nearest milligram.
The weighed subsample is sprinkled over a gridded picking tray and examined
using a stereomicroscope. All foraminifers in readily identifiable condition (i.e.,
heavily worn and reworked specimens are excluded) are picked onto a cardboard
micropaleontological slide, and a preliminary count is made. If the number of
specimens picked is approximately 150-200, the subsample is sufficient. If fewer

specimens were picked in the first portion, then a second portion is removed from
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Coral Reef M ethodologies

the mound, weighed, and picked. This process can be repeated until a picked
assemblage of 150-200 specimens is obtained or until the entire gram of sample is

picked.

Figure 8. Standard foraminiferal analysistoolsinclude artist's paint brushes,
for ceps, spatula, gridded picking tray, and gridded cardboard micropaleontological
slides (Hallack, 2003).

Figure 9. Close up of amicropaleontological slide with foraminifers (Hallack, 2003).
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Coral Reef M ethodologies

Data Analysis: Calculating the FORAM Index
Step 1. Pick all foraminifers from a subsample of sediment onto a cardboard

micropaleontological slide, obtaining ideally 150-200 specimens.

Step 2. Sort all specimens by genus, count, and record in a spreadsheet, with
genera arranged by functional group. Genus level data can be further analyzed

using multivariate statistical methods.

Step 3. Calculate the proportion (P) of specimens for each functional group by
summing the specimens of each genus of that group (N) and dividing by the total

number of specimens counted (T).
P, =N/ T, where subscript "s" represents symbiont-bearing foraminifers
P, =N,/T, where subscript "0" represents opportunistic foraminifers

P, = N,/T, where subscript "h" represents other small, heterotrophic foraminifers

Step 4. Weight proportions to calculate the FORAM Index (FI):
FI=(10xP)+(P,)+(2xPy)

Step 5. Interpretation:

FI greater than 4 indicates local environment conducive to reef growth (or

recovery if reef communities have been damaged).

* FI highly variable among samples, varying between 3 and 5-6, indicates early
stages of environmental decline.

* FI greater than 2 but less than 4 indicates local environment marginal for reef

growth and unsuitable for recovery.

* FIless than 2 indicates conditions unsuitable for reef growth.
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Coral Reef M ethodologies

Level 2:
Heavy metal analysis in common sponges (Chondrilla nucula and Aplysina fistolaris).

Common coral reef sponges are filter feeders. They bioaccumulate metals and
may be easily sampled. Refer to EPA and Florida Keys National Marine Sanctuary for
collection and analysis techniques and requirements. Special arrangements with off

island analytical laboratory are needed.
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Seagr ass M ethodologies

Seagrass M ethodologies:
Submerged aquatic vegetation (SAV), which includes sea grasses, provides

essentials nursery habitats for a wide variety of economically important fish and shellfish.
Sea grasses help to stabilize sediments typical of shallow estuaries or bays and protect
against erosion of coastal shorelines by diminishing wave energy. Among the most
severely impacted submerged aquatic sea grass communities in the northern Gulf of
Mexico and those of primary concern include: turtle grass and shoal grass. Known acute
causes of SAV degradation include activities that increase water turbidity and
consequently decrease light available for plant photosynthesis, such as polluted runoff
and sewage discharges. Sea-grasses respond to natural variations in light, nutrient and
trace element availability. Changes in seagrass areas indicate major changes in
environmental characteristics, and are an important indicator for the “state of the

environment” reporting (DPNR, 2004).

Turtle grass (Thelassia testudinum) occurs throughout St. Croix’s south coast. It
does not occur in the western portion of the north shore. Turtle Grass can be easily
distinguished from the other marine seagrass species by its broad flat leaf (see Figure 10

below).
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Seagr ass M ethodologies

Figure 10. Seagrass plant showing short shoot and components along with rhizome
and roots (CARICOMP, 2001)
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Level 1:
Shoot density of Thelassia testudinum. Following the Caribbean Coastal Marine

Productivity (CARICOMP) methodology for determining shoot density of

Thelassia testudinum, calculate shoot density per square meter.

Utilize three 10 cm x 20 cm quadrats distributed at 6 random locations within the

seagrass bed to delineate sampling stations.

Count the number of shoots per quadrat. Multiply by 5 to get number of shoots

per m” for each quadrat.

Sampling should occur at each site quarterly throughout the year.
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Seagr ass M ethodologies

Level 2:
Heavy Metal analysis in Thelassia testudinum. This methodology was designed

as a pilot project by DPNR in 2004.

Field Sampling Techniques

Five replicates of turtle grass will be collected from an observation unit.
Observation units of 1 m” will be established using a square grid quadrat framing
device. The quadrat will be divided into 10 cm internal subdivisions. Five
random positions within the quadrat will be identified prior to the operation using

a random number generator.

In the field, SCUBA divers will bring the quadrat to the designated
underwater sample location. Samples will be collected at each station as follows:
a random position within the quadrat will be located and a sample of 25 leaves
(vertical growth) collected. Samples will be placed into a labeled Ziploc bag
immediately upon collection. The same procedure will be repeated four more

times.

At times, crews might experience difficulty in obtaining a “good sample”
when collecting seagrass due to its lack of abundance at the established site. In
these situations, even after they have collected the water quality samples and data,
it is permissible for them to move around within the 50 m radius to locate a more

favorable site without having to resample the water quality indicators.

Sub-sampling

The sample will be received in the lab and emptied into a 500 micron
sieve. First, the sea grass will be carefully removed so as not to damage or lose
any portion of the leaf. The grass will be gently rinsed with sea and dead leaves
will be eliminated. Samples will be rinsed thoroughly with deionized water and
shaken to remove most of the water. Samples will be transferred to a clean Ziploc

bag and properly labeled. As an added QA assurance, a slip of paper with the

Page 37



Seagr ass M ethodologies

sample location in pencil will be placed into the sample bag. The bag will be

sealed and the sample frozen to -5°C by placing it in a freezer.

Laboratory Analysis

In the lab, samples will be rinsed thoroughly with deionized water, shaken
to remove most of the water, and allowed to air dry. Two grams of finely cut
material will be weighed in a porcelain dish that has been heated at 525 EC for 2
hours. Samples will be dried in an oven at 105 EC for 24 hours, allowed to cool
in a desiccator, weighed, and incinerated in a muffle furnace for 2-3 hours at 525
EC. Ashes will be dissolved in 5 ml of 20 % HCIl and the solution transferred to a
600 ml beaker. The porcelain dish will be rinsed three times with 6-8 ml of 20%
HCI and the solution added to the same beaker. Samples will be covered with a
watch glass and heated on a hot plate until boiling. Additional 20 % HCI will be
added as needed to avoid sample drying. Samples will be filtered through
Whatman # 40 paper with 10 % HCI. The concentration of acid-extractable
elements will be determined by air-acetylene flame detection in an atomic

absorption spectrophotometer. Replicates will be analyzed separately.

Page 38



Algal and Chlorophyll M ethodologies

Algal and Chlorophyll Methodologies:
Not all coastal waterbodies will necessarily contain either coral reef or seagrass

benthic systems within their boundaries. Biological indices may still be developed for
these sites as well. Algae and phytoplankton populations may fluctuate depending on
local nutrient fluxes and temperature changes as well as changing population dynamics of
grazing fish or sea urchins. Marcoalgae are loosely defined as “fleshy” algae which are
not hard to the touch and project more than one cm above the substrate. To eliminate the
confounding issue of algal herbivory by grazing fish and sea urchins, settling plates will
be deployed at each station within the confines of a cage designed to keep grazers out.

Examples of exclusionary devices are shown in Figure 8.

Figure 11. Exclusionary devices used to control herbivory on macroalgae (Hunter et
al., 2003).
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Level 1:
Chlorophyll is essential to the existence of phytoplankton. Phytoplankton

can be used as an indicator organism for the health of a particular body of water.
Monitoring chlorophyll levels is a direct way of tracking algal growth. Surface
waters that have high chlorophyll conditions are typically high in nutrients,
generally phosphorus and nitrogen. These nutrients cause the algae to grow or
bloom. When algae populations bloom, then crash and die in response to

changing environmental conditions, they deplete dissolved oxygen levels, often
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Algal and Chlorophyll M ethodologies

leading to most fish kills. High levels of nitrogen and phosphorus can be
indicators of pollution from manmade sources, such as septic system leakage,
poorly functioning wastewater treatment plants, or fertilizer runoff. Chlorophyll
measurement can be utilized as an indirect indicator of nutrient levels (YSI,

2004).

DPNR owns two multi-parameter water quality probes utilized for routine
ambient coastal water quality monitoring throughout the territory. These probes
are ready to accept Chlorophyll probe attachments. Once acquired, a pilot study
must be performed comparing probe readings to laboratory spectrophotometry of
water samples. The results will establish the territorial characteristic chlorophyl
curve and establish the standard for which to relate the relative readings of the

probe. This should be performed on a seasonal basis.

Chlorophyll should be added to the routine ambient water quality analysis
as an additional parameter recorded by existing multi-parameter probes. This
would add very little field time to data collection efforts as chlorophyll
measurements may be performed during routine ambient water quality

monitoring.

Level 2:
Algae are simple chlorophyll-containing organisms composed of one cell,

or grouped together in colonies, or as organisms with many cells, sometimes
forming simple tissues (Note: algae is plural, alga is singular). They differ from
seagrasses in that they lack true roots, stems, and leaves. Algae are classified into
phyla based on their dominant photosynthetic pigments and include green algae
(Chlorophyta), brown algae (Phaeophyta), and red algae (Rhodophyta). These
three phyla are macroscopic and easily visible with the naked eye (AGRRA,
2003).
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Figure 12. Macroalgae of the Caribbean and western Atlantic (AGRRA, 2003).

Algal and Chlorophyll M ethodologies

Tropical reef algae can be divided into three key functional algal groups:
crustose coralline algae, algal turfs, and macroalgae. Using a functional grouping
approach is useful for understanding broader generalizations on the ecology of
algae as well as predicting changes in algal community structure. Crustose
coralline algae are often calcified, usually pink in color and adhere to the
substrate; although some species have different characteristics.  Algal turfs
consist mostly of tiny filaments with canopy heights of less than 10 mm.
Macroalgae are usually larger, canopy-formers, including brown algae (Dictyota,
Sargassum), red algae (Gracilaria, Laurencia); green algae (Caulerpa,
Microdictyon) and can be either fleshy (e.g., Lobophora) or calcareous (e.g.,

Halimeda) (AGRRA, 2003).

Acetabularia Halimeda

Udotea Stypopodium
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Algal and Chlorophyll M ethodologies

After the mass mortality of the herbivorous sea urchin, Diadema
antillarum, in 1983 (Lessios, 1988), a shift was observed from coralline to
macroalgal dominance in shallow reefs and from turf to macroalgae in deep
forereefs of Jamaica and St. Croix (Steneck, 1994, 1997). Similar declines of
corallines have been observed after the reduction of other herbivores such as fish,
limpets, and sea urchins (Steneck, 1994). Generally, when macroalgal biomass is
high, coral recruitment declines (Birkeland, 1977) and coral abundance declines
as well (Hughes, 1994). Miller et al. (2003) have observed a recent increase in
density and recruitment of Diadema antillarum at sites previously studied around
St. Croix. Recent rapid population growth seems to indicate a recovery of
Diadema antillarum around the island of St. Croix. Percent cover of macroalgae
in the USVI has been shown to vary seasonally, showing peak during spring and

early summer months (Nemeth et al., 2003).

Algal biomass and total algal cover:

Follow the methodologies established in Coral Reef Monitoring Manual

for the Caribbean and Western Atlantic (Rogers and Beets, 2001) for Estimating

Algal Biomass and Macroalgae Species Composition modified so that algal

settling plates are deployed within exclusionary devices.

Exclusionary devices may be framed with PVC, metal or wood and must
be negatively buoyant. Dimensions should be approximately 50 cm x 50 cm x 30
cm high. Screening material should have openings of approximately 1-2 cm?’.
This size should allow sufficient flow and light through the exclusionary device to

allow algae to develop while keeping grazing fish and sea urchins out.

Deploy three exclusionary devices per site in a horizontal position over

relatively smooth bottom. Within the center of each device secure a 10 cm x 10
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Algal and Chlorophyll M ethodologies

cm clean ceramic tile (settling plate) oriented horizontally. Algae should begin to

grow within a week and settling plates should be recovered after two weeks.

Percent Macroalgae Abundance:
To estimate percent macro algae abundance, center and count the
intersections of an 8 cm x 8 cm grid (64 points total) located above each

macroalgae species.

% relative abundance = number of intersection for macroalgae X 100

total intersections for all algae

Biomass:

Use the 8 cm x 8 cm grid and select three pairs of random numbers to
select three 1 cm” sub-samples on each settling plate. Scrape the sub-samples to a
depth of 1 mm and preserve them in 1% formalin solution, combining all sub-

samples from the same plate. Decalcify using a dilute acid (5% HCL or HNO3).

Filter the sample onto pre-weighed filters, rinse with deionized water, and

dry to a constant mass at 60° C.

g/em?’ biomass = final weight — initial weight

number of sub-samples (3)
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Abiotic Parameters

Abiotic Parameters:

Data on sedimentation rates are especially important for reefs vulnerable to

sedimentation from dredging operations and erosion. By collecting samples both at and

above the substrate, you can estimate the sediment being stirred up from and transported

along the bottom (the “bed load” component) as well as the sediment that is settling out

of the water column.

Measuring Sediment Deposition:

1.

Using straight-sided plastic jars (about 10-cm high and 8-cm diameter) with tight-
fitting lids, secure the open jars to reference stakes at 50 cm and 10 cm above the

substrate. Take at least three samples at each height at each location.

After a selected number of days (generally no more than 14), cap the jars
underwater and bring them to the laboratory. Remove any small organisms in the

jar with tweezers.

Weigh #2 Whatman filter and filter the samples by pouring the jar contents
through the filter, using a Buckner funnel.

Rinse each filter several times by running distilled water gently through the filter

in the funnel to remove salts from sediment.

Dry the sediment filters in a drying oven at 70°C until a constant weight is

attained.

Calculate the sedimentation rate as mg of sediment per cm? per day. The sediment
weight is the total weight minus the filter weight, and the area of the jar opening
is 7ur” (r = radius in cm).

Sedimentation Rate = Sedimentation Weight

Number of days at site x nr
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Existing Basic Ambient Water Quality Monitoring:
Many waterbodies are already monitored for an array of water quality parameters.

One of the first actions to occur once a waterbody is identified as requiring assessment is
its inclusion into the standard water quality monitoring program. Tables 7 and 8 describe

the Department’s quarterly and annual water quality monitoring.

Table7. DPNR’squarterly water quality monitoring.

PARAMETER UNITS COLLECTION METHOD
Enterococci Bacteria * #/100 ml Grab near surface
Turbidity * NTU Grab near surface
Turbidity NTU Insitu-measurement near
surface and near bottom
Salinity (conductance) PPT Insitu-measurement near
surface and near bottom
pH Standard Units Insitu-measurement near
surface and near bottom
Dissolved Oxygen (DO) mg/L Insitu-measurement near
surface and near bottom
Temperature Degrees Celsius Insitu-measurement near
surface and near bottom
Secchi Disk Depth Meters Disappearance/Reappearance/
Average Depth Measurement

* Indicates laboratory analysis.

Table8. DPNR’sannual water quality monitoring.

PARAMETER UNITS COLLECTION METHOD
Total Suspended Solids * mg/L Grab near surface
Total Phosphorus * mg/L Grab near surface
Total Kjeldahl Nitrogen * mg/L Grab near surface

* Indicates laboratory analysis.
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NEXT STEPS
The recognition that chemical water quality analyses do not adequately predict or

reflect the condition of all aquatic resources has led to the development of measures of
biological integrity expressed by biological criteria. Biological surveys, criteria, and
assessments complement physical and chemical assessments of water quality by
reflecting the cumulative effects of human activities on a water body including the
possible causes of these effects. The biological approach is best used for detecting
generalized and non-specific impairments to biological integrity, and for assessing the
severity of those impairments. Then, chemical and toxicity tests, and more refined
habitat assessments, can be used to identify probable causes and their sources, and to
suggest corrective measures—applying Level 2 methodologies as well as specialized site

specific designs.

Biocriteria can be developed from reasonable expectations for the locality based
on: historical data; reference conditions; empirical models; and the consensus judgment
of regional experts. The reference condition component of biocriteria requires minimally
impaired reference sites against which the study area may be compared. Minimally
impaired sites are not necessarily pristine; they must, however, exhibit minimal influence
by man's activities relative to the overall region of study. They should as much as
possible approximate ecological integrity, e.g. the condition of an unimpaired ecosystem
as measured by combined chemical, physical (including habitat) and biological attributes

(Jameson, et al., 1998).

The process of developing a successful bio-indicator program will involve the
following:
1. Put together intra-Departmental implementation team. This should represent multiple

programs, including members of the following Departmental programs:

¢ Division of Environmental Protection:
0 Integrated Water Quality Assessment Report data needs

0 Impaired waterbodies restoration (TMDL development)
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0 Unified Watershed Assessment (UWA) revision
0 Watershed Restoration Strategies (from TMDL and UWA processes)

e Division of Fish and Wildlife:

0 Essential Fish Habitat assessment

* Division of Coastal Zone Management:
0 East End Marine Park

O Areas of Particular Concern

2. Explore collaboration with other resource management/research entities. These
inclcude: the US Environmental Protection Agency, the National Oceanagraphic and
Atmospheric Administration, the US Fish and Wildlife Service, The Ocean Conservancy,

The Nature Conservancy, and the University of the Virgin Islands.

3. Gather equipment and supplies.

4. Calibrate Indices
a. Identify reference and pilot study sites:

* Identify candidate reference sites for each method. Healthy seagrass and coral
reef sites with demonstrated good water quality.

* Identify candidate pilot study sites across spectrum of classified waterbodies.
Sites located within zone of hydraulic influence of associated upland
watershed(s) of known characteristics (catchments area, land use and land
cover, topography, known major pollution sources, precipitation patterns,
general hydraulics, etc...).

b. Design and perform indicator calibration studies over the course of a year.
c. Perform statistical analysis to determine which methodologies provide the clearest

signal of pollution impact on habitat.
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5. Set acceptable threshold ranges for individual indicator methodologies based on water
class designation. Develop a matrix values based on water classification and

dominant benthic feature. Convert individual methodology data analysis into metrics.

6. Set Assessment Schedule
Prioritize waterbodies in need of biological monitoring based on watershed and
waterbody characteristics, historical data, management needs. Figure 13 depicts a
priority ranking of waterbodies developed by compositing multiple program priority

assessment needs.

Figure 13. Waterbody priority ranking.
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Costs and Staffing Commitment

Departmental costs and staffing commitments are estimated for preliminary

screening and Level 1 only and are additional costs and commitments to preexisting

resources or staff scheduling. Level 2 Departmental costs and staffing commitments are

not estimated as they will be more variable and likely greater as the methods are more

site specific and external assistance and services are needed.

Preliminary Screening:

Equipment:  Materials to construct drogue: PVC pipes and fittings, weights, buoy,
fabric for sails and rope. ~$100.00
Supplies: None other then office supplies.
Staff time: 2 staff x 8 hours per waterbody = 2 days.
Level 1:
Table9. Level 1 Costsand Resource Needs.
Resource Coral Reef Seagrass Algae
Equipment $1120 $100 $2800
Supplies: Rope, SCUBA | Supplies: Rope, SCUBA Chlorophyll
Other tank air, boat fuel, marker | tank air, boat fuel, marker | Characterization: $5000
stakes, marking flags. stakes, marking flags. (for first year only)
Image Classification:
Station establishment: 24
Data collection: 3
. Data analysis: 8 Station establishment: 3 Station establishment: 0
Staff Time/ . .
Station/Event Data collect}on. 6 Data collect}on. 0.1
(hours) FoRaM Index: Data analysis: 4 Data analysis: 0

Station establishment: 0
Data collection: 1.5
Data analysis: 4
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Detailed cost/staff breakdown:

Equipment:
Coral Reef:

Material to construct photoquadrat: PVC pipes and fittings(~$100).
Fiberglass tape measure (50 m)(~$20).
Satellite strobe for underwater camera (~$500).

Image classification software (Point Count ~$500).

Total = $1120

Seagrass:

Material to construct quadrat: PVC pipes and fittings(~$100).

Algae/Chlorophyll:
Y SI Chlorophyll probe (~$2700).

Supplies:
Rope. SCUBA tank air. Boat fuel. Marker stakes. Marking flags.

Staff time:
Coral Reef:
Image Classification:
* Field station establishment = 3 staff x 8 hours per waterbody (photoquadrat
method).
* Field data collection = 3 staff x 1 hours per waterbody.
» Image analysis performed in the office = 1 staff x 8 per waterbody (photoquadrat
method).

FoRaM Index:
* Field station establishment = 0 hours.
* Field data collection = 3 staff x 0.5 hours per waterbody = 1.5 hours

* Data analysis performed in the office = 1 staff x 4 per waterbody = 4 hours.
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Seagrass:
* Field station establishment = 3 staff x 1 hours per waterbody = 3 hours.
* Field data collection = 3 staff x 2 hours per waterbody = 6 hours.

* Data analysis performed in the office = 1 staff x 4 per = 4 hours.

Chlorophyll:
5 minutes additional staff time per station per visit. (This assumes data will be collected

as ancillary data during site visit for other methodologies.)

Potential funding sour ces:

Section 319 of the Federal Clean Water Act currently provides $220,000 per year
to DPNR to dedicate to non-point sources pollution control related activities as pass
through funding. The recent emphasis is to fund proposals that monitor and assess the
effectiveness of watershed resotration and non-point source pollution control strategies.
The methodolgies described in this implementation plan may provide that assessment.
This funding is not restricted to external Department disbursement and may be redireted

to justified program needs that suppot its core objectives.

The NOAA Biogeography Program currently collects data for the northern part of
the St. Croix East End Marine Park (funded through 2007) and can be expanded in
partnership with territorial agencies/institutions. The NOAA Program is interested in
training territorial staff and participating with them to perform surveys that use the
benthic habitat maps applied within this implementation plan. NOAA may be able to
provide funding for staff time through the NOAA Coral Reef Grant.
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CONCLUSION

The US Commission on Ocean Policy recently published its preliminary report on
the state of nation’s oceans. Of the report’s 12 critical action recommendations, the need
to strengthen the link between coastal and watershed management is highlighted. The
report further recommends a strong and central role for states to, among other things:

* improve management of coastal areas, including incorporation of coastal
watersheds to achieve better control of pollution, sediment management, and
identification of priority habitats for conservation and restoration;

» contribute to a national water quality monitoring network and creation of useful
products based on data; and

» protect corals and coral reefs (US Commission on Ocean Policy, 2004).

In light of the information described in this document, the schedule of activities,
allocation of funds, and uses of personnel and equipment may be more appropriately
prioritized according to the urgency or magnitude of the problems identified. With the
expanded available biological information augmenting chemical and physical
information, managers in the US Virgin Islands can apply a triage approach to water
resource projects based on the actual condition of the coral reef affected. Essentially,
areas that are critically impaired, those that are moderately impaired, and those in good
condition for which protection rather than remediation is required, can all be identified.
Rational decisions can then be made about how to apply limited resources for the best

results (Jameson, 1998).

Bio-indicator monitoring programs, help ecosystem managers identify impairment
of sites designated by the government for special uses (e.g., marine parks, Areas of
Particular Concern, etc...). This program will expand and improve designated beneficial
use classifications and their associated water quality standards. It will detect problems
other survey methods may miss or underestimate. It is a process which helps the resource
manager set program priorities. Finally, this program can be used to evaluate

management and regulatory efforts.
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