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INTRODUCTION

Virgin Islands National Park (VIIS), Buck Island Reef National Monument (BUIS_),
and Dry Tortugas National Park (DRTO) together form a group of parks with highly
significant terrestrial and marine resources. VIIS and DRTO are both biosphere
reserves. All of these parks are under increasing pressure from human activities.
While they have many things in common, each of these parks also has something
unique to contribute to our understanding of ecological processes. High levels of
visitation, with severe consequences primarily to marine resources, occurs in all of
the parks. VIIS alone faces substantial habitat loss and degradation from
development of private inholdings and lands along the park’s boundary. All of
these NPS units have been hit with major storms in the last 4 years, with
Hurricane Hugo smashing forests and reefs in BUIS and VIIS in 1989 and the
severe storm in March 1993 damaging reefs in DRTO. Dry Tortugas National Park
was spared the devastation of Hurricane Andrew. The location of Dry Tortugas 70
miles from the U.S. mainland renders it less susceptible than VIIS to sedimentation
increases. Likewise, Dry Tortugas is a particularly important reference site for
examination of global climate change on coral reefs, because other factors which
could be responsible for any documented changes in abundance of organisms can
be ruled out.

Significance of Natural Resources of VIIS and BUIS

The significance of the natural resources of Virgin Islands National Park (Figure 1)
led to its designation as a biosphere reserve in 1976, one of the first protected
areas in the United States to receive this recognition. The park consists of 2947 ha
of land and 2287 ha of surrounding marine waters. Very few biosphere reserves
#### (probably less than a dozen out of over 270) contain both marine and upland
portions. This combination of upland and marine areas also characterizes Buck
Island Reef National Monument with 72 ha of land and 283 ha of offshore waters.
The forests on St. John and Buck Island represent remnants of the once-
widespread tropical dry forest ecosystem in the Caribbean and the only ones which
are under U.S. jurisdiction. Most of the remaining dry forest habitat which can be
found on other islands is vulnerable to development.

Extensive clearing of the vegetation on St. John (over 90% of the land) during the
plantation era, intensive livestock grazing prior to the park’s establishment, and
introduction of several exotic plants did not apparently result in the elimination of
native species but rather in a change in their relative abundance. The dry forests on
Buck Island and St. John therefore represent secondary forests which have been
allowed to recover under NPS protection. There is no evidence that any extensive
dry forest areas which were never disturbed can be found at present in the
Caribbean. A few areas on St. John, including locations of endangered plants,

may never have been degraded by humans largely because of their inaccessibility.
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Over 800 species of vascular plants have been identified on St. Jc_)hn. While only
one plant species is currently on the Federal Endangered Species list, two c_)ther
species will soon be proposed for listing. In addition to these three endemic
species, several species are known to be rare. One endemic species, also Federally
listed, is known from Buck Island.

Ry
A > {L"

The marine portions of Buck Island Reef National Monument (Figure 2) and Vlrlgm :’iﬁ,,«;’:v
Islands National Park were established in recognition of the significance of their vt L0’

marine resources, including the barrier reef which lies off the southern, eastern and N
northern shores of Buck Island and the numerous fringing reefs and deeper patch

reefs off St. John. These coral reefs and nearby sea grass beds support a high
diversity of fishes and other organisms, including endangered sea turtles.

Buck Island is the most significant hawksbill nesting area under U.S. jurisdiction [b’v?f) U
and protection and one of only 3 known areas of concentrated nesting in the v ”M@g :
Caribbean islands. Two other endangered species of sea turtles, the green and ‘5"“1““»\(2\'
leatherback, also nest on Buck Island’s beaches. Green and hawksbill turtles are ¥~

also found in the waters around St. John, and limited nesting of hawksbills occurs

on some St. John beaches.

\,W

Recent studies of the migratory birds on St. John have led to the discovery that
the island supports very high densities of warblers. The relatively intact forests of
St. John provide habitat that is simply no longer found on most other Caribbean
islands. VIIS is perhaps the only significant wintering area for migratory warblers
under NPS jurisdiction.

BUIS and VIIS contain 3 of the 5 rookeries of the endangered brown pelican in the
USVI. They provide nesting habitat for up to 90 pairs of adult birds.

Recent surveys of beetles on St. John and Buck Island have resulted in the e
identification of several beetles endemic to St. John and at least one new beetle *f)f’iﬁ_.f,'
known only to Buck Island.

Significance of Natural Resources of Dry Tortugas

Dry Tortugas National Park (formerly Fort Jefferson National Monument) comprises
about 26, 200 ha of an area known as the Dry Tortugas Banks (Figure 3).
Described as an atoll by Vaughan (1914}, the banks have a rim of Holocene coral
reef development that encircles an inner basin containing several sandy islands
(Shinn et al. 1989). About 99% of the park’s area is water and submerged lands.

The area’s outstanding natural resources have impressed visitors ever since the
Spanish explorer Ponce de Leon’s visit in 1513. He named the islands Las
Tortugas ("The Turtles") after his crew captured 160 turtles in just one day. The
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earliest documented marine research was conducted by Agassiz in 1858, when he
mapped the area’s reef system. In 1904, the Carnegie Institution established a
marine laboratory of Loggerhead Key, under the direction of Alfred Mayor. The lab
was world-renowned for its pioneering work on coral reefs and as the site where
the first underwater photographs were taken. As many as 18 scientists at a time
participated in research conducted at the lab. By the time that financial constraints
finally forced the lab’s closing in 1939, 35 volumes of research had been published
by the Tortugas lab.

The outstanding and nationally significant natural values of the area where first
officially recognized in 1908, by an Executive Order which created the "Dry
Tortugas Keys Reservation™, establishing it as a wildlife refuge primarily to protect
the Sooty Tern colony, which had been nearly decimated by egg collectors.

Fort Jefferson National Monument became the world’s first marine protected area
when it was established by Presidential Proclamation in 1935. The entire group of
islands and the surrounding reefs and shoals were included for preservation in the
monument. Additional legislation enacted in 1980 referred to "a pristine natural
environment including the entire Dry Tortugas group of islands and their associated
marine environments, significant coral formations, fish and other marine animal
populations, and populations of nesting and migratory birds...". Like VIIS, Dry
Tortugas National Park was designated a biosphere reserve in 1976.

DRTO is world-renowned for its bird life. Bush Key is the only significant Sooty
and Noddy Tern colony in the U.S., consisting of nearly 100,000 birds during
nesting season. Long Key is the most significant Magnificent Frigate bird colony
and Hospital Key the only Masked Booby colony in the U.S. A great variety of
passerines and raptors pass through DRTO during spring and fall migrations.

The marine environment of DRTO is less disturbed by human activities than any
other coral reef ecosystem in North America. Although far north, the reefs
possess a full complement of Caribbean coral species including some that are rare
elsewhere. The diversity of fish (442) species may be unsurpassed on the Atlantic
Coast of the U.S. These significant resources are threatened by the cumulative
impacts of steadily increasing visitation, recreational fishing, illegal poaching, and
inconsistent enforcement.

The significance of the natural resources of the Dry Tortugas was most recently

underscored with the passage of legislation in 1992 redesignating Fort Jefferson
National Monument as Dry Tortugas National Park.

Conceptual framework for monitoring and primary objectives




VIIS, BUIS, and DRTO are among the few NPS units which contain both marine
and terrestrial areas. These parks have similar management concerns, including
the consequences of increasing visitation, pressure from fishing, pollutants carried
in currents, and endangered species (sea turtles). Especially in the case of VIIS,
because of its location on the steep island of St. John, the potential exists for the
degradation of marine habitats and water quality because of upland development.

The overall goal of the | and M program outlined in this document is the detection
and evaluation of long-term trends in the structural and functional attributes of the @
marine and terrestrial systems and the associated populations of endangered and

otherwise significant species within VIIS, BUIS, and DRTO to provide a basis for

educated management intervention. Examples of structural changes include loss of

forested habitat or sea grass beds, encroachment of exotic plants, decrease in the

amounts of living coral, and shifts in fish and bird assemblages. Functional . s
changes could include decrease in growth rates of dominant trees or corals, u‘ff)"wb @af
changes in marine primary productivity due to increased nutrient levels, and

changes to plant succession from feral animals.

The design of any monitoring program requires identification of the temporal and
spatial scales appropriate to the questions which are being asked.

Some of the management questions which are being addressed include the
following (also see discussions in individual sections):

-is sediment input to marine waters increasing significantly e
because of increasing development and, if so, a) is water quality

deteriorating; b) are reef corals dying? (VIIS)

-is encroachment by exotic plants having significant effects on native species?

(VIIS, BUIS)

-are levels of nutrients and bacteria in waters around the parks increasing to unsafe JOr g

e

or undesirable levels? (VIIS, BUIS, DRTO) PR Py
-how feasible is restoration of degraded ecosystems within VIIS, BUIS ?w{ gqi\‘jfifk' ’
-sea turtles e Mw\,‘!

-is the continued development of St. John jeopardizing the winter habitat for (:»“
migratory birds?

The monitoring program for these three parks is envisioned at the ecosystem,
watershed, community, and species level (population) scales. Permanent study
sites have already been established in coral reefs in all three parks and in dry and
moist forests in St. John. In VIIS, the Lameshur Bay watershed, selected because
it is relatively undisturbed and because it is in the core of the biosphere reserve,
has been the focus of long-term monitoring efforts in the dry forest, coral reefs,
and sea grass beds. Sediment input from this watershed is being compared to that
from the Fish Bay watershed undergoing development adjacent to the Park’s



western boundary.

The NPS Coral Reef Assessment Program which began in 1988 with NRP funding
and which continues with funds from SERO resulted in the establishment of
permanent long-term study sites and extensive studies of coral reefs and reef
fishes in all of these parks. Earlier, from 1984-1988, members of the Virgin
Islands Resource Management Cooperative carried out several research projects on
VIIS and BUIS, including studies of the forests of St. John.

These and other individual studies, some of which have gone on for over a decade,
provide an excellent basis for a fully integrated | and M program. The | and M
program presented here represents an expansion of ongoing monitoring efforts and
relies heavily on research by NPS staff (including the additional positions identified
in this proposal), NBS/CPSU staff involvement (including new coral reef scientist to
be hired by Florida CPSU), interagency cooperation (e.g., NOAA, Florida
DEP/FMRI), and outside investigators.

The program calls for expansion of the monitoring which has been occurring at the
permanent coral reef study sites in each of the parks, additional monitoring of air
and water quality, consistent support of previously underfunded efforts by
individual scientists (such as Dr. Bill Robertson’s studies of sea birds at Dry
Tortugas, and Zandy Hillis’s sea turtle program at Buck Island), and integration of
several disparate activities into a truly organized comprehensive program.

The program is based on the following tasks:
-inventory of resources (largely completed)
-identification of management questions
-establishing priorities for inventory and monitoring
-design of the program at appropriate spatial and temporal scales
-use of standardized protocols and development of protocols where none exist
-quality control/assurance of data
-archiving and interpretation of data using GIS and other tools
-writing of reports for scientific journals and for use by
interpreters
-dissemination of results to park managers, park interpreters, and the community

We believe that the program we have outlined is both scientifically exciting and
critical for effective management of these three parks. The programs are more
comprehensive for BUIS and VIIS but include the highest priority marine resources
in DRTO (coral reefs, sea birds, and sea turtles).
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This proposal has been prepared by NPS scientists and resource mana_lgers Caroline
Rogers, Jim Petterson, Ginger Garrison, Rikki Grober, Zandy Hillis, Skip Snow, and
outside investigators Anne Reilly, Gary Ray, and Bob Askins.

1. Recognized Management Need:

The National Park Service’s recognition of the need for ecological research on the
marine and terrestrial resources of VIIS led to the creation of the Virgin Islands
Resource Management Cooperative in 1983 and subsequent construction of the
Virgin Islands Biosphere Reserve Center (completed in 1987). VIIS received
substantial amounts of NRP funding for support of 30 biosphere reserve projects
(1983-1988) carried out by VIRMC members. From 1988-1991, NRP funds
supported the NPS Coral Reef Assessment Program which included research on
reefs in VIIS, BUIS, (then) Fort Jefferson National Monument and Biscayne National
Park. Most recently, the Coral Reef Fisheries project for BUIS and VIIS received
NRP support (1992-1994). Regional funds have been supporting research on coral
reefs and reef fishes at all of these parks in the last two years.

In December 1992, then Superintendent Marc Koenings, Assistant Superintendent
Francis Peltier, Management Assistant Paul Thomas, the park’s Resource
Management Specialists, Research Biologist, and the other Division Chiefs met to
establish priorities for project statements (or appropriate groups of statements)
identified in the draft VIIS Resource Management Plan. Individual rankings were
combined to arrive at an overall list of priorities which was incorporated into the
RMP. These priorities are reflected in this proposal. All of the major marine and
terrestrial monitoring projects outlined in this proposal were ranked in the top 5
priorities for the park including projects which related to damage from high
visitation levels, to long-term vegetation monitoring, marine ecosystem monitoring,
feral animal management, endangered and threatened species, and a geographic
information system (GIS) to help store, analyze, and interpret the data from all of
the monitoring studies.

The legislation which created Dry Tortugas National Park in 1992 stated several
specific management purposes for DRTO, including:

"To protect and interpret a pristine subtropical marine ecosystem, including
an intact coral reef community”

"To protect populations of fish and wildlife including (but not limited to)



loggerhead and green sea turtles, sooty tern, frigate birds, and
numerous migratory bird species”

In 1990, Congress established the Florida Keys National Marine Sanctuary which
surrounds Dry Tortugas National Park. The draft management plan and research
proposals for the Sanctuary have repeatedly identified the Dry Tortugas as an
essential component of long-term system-wide monitoring for the Florida Keys.
We expect NOAA to look to DRTO for support and cooperation in their monitoring
efforts which will benefit both agencies.

Resource Management Plans

An initial draft of the VIS RMP was submitted to SERO in July 1991. After a
lengthy review process, the draft was returned to the VIIS for revisions. The
revised plan was then submitted to SERO again in April 1993. It is still being
reviewed. (See Appendix A for relevant Project Statements.)

A draft RMP for BUIS was submitted to SERO in June 1993. While not complete,
the draft identifies all major resource management issues for the park.

The RMP for Dry Tortugas National Park (established in 1992) is now being
revised. The park’s Statement for Management and the RMP are to be addressed
in a "scoping session” in December 1993, at which time the highest priority
project statements will be identified, including strong support for long-term
monitoring.

2. Status of Inventory:

Tables 1, 2, and 3 present the status of inventory for major natural resources in
VIIS, BUIS, and DRTO.

Beginning in the early 1980’s, a series of marine and terrestrial projects produced
extensive inventories of St. John's vascular plants and marine organisms (notably,
corals and reef fishes) In many cases, these detailed inventories represented the
initial phases of monitoring programs which continue today.

Flora

The list of over 800 vascular plant species from St. John can be considered
virtually complete. The Smithsonian and a private sponsor (the Homeland
Foundation) are supporting production of an illustrated flora for the island, an
illustrated tree guide for over 200 species of common trees that occur on St. John.



SEATUS OF BUCK ISLAND REEF NATIONAL MONUMENT INVENTORIES/BASELINE DATA

Inventory Type Additional Species Distribution Comments
Inventory Needed? List Known
Complete
Native Plants Yes No No 1 endemic species
Excotic Plants Yes No No fol. avuey 2(4¢
t
Marine Plants Yes No No
Native Birds No Yes Yes
Exotic Birds No na na
. 7 palue
Terrestrial Mammals Yes No No [ Wrowoiuene [ pnesne
Exotic Terr. Mammals Yes Yes No 2 spp. of rats/?WQMﬁb@gq
N [
Marine Mammals No Yes No
Terrestrial Reptiles || Yes Yes No
Marine Reptiles No Yes Yes 3 spp. of nesting sea
turtles, Z 5pp Sevas ves
[
Aamphibians Yes No No
Terrestrial Yes No No Beetle survey underway
Invertebrates
Fungi Yes No No ‘
\»,1
Marine No Yes Yes ( # of spp. = 2?22 ,
Fishes/Shellfish e
Marine Invertebrates
Hard Corals No Yes No
Sponges/Gorgs Yes No No
Others Yes No No
Terrestrial No na Yes Vegetation map needed

u?mmunities




Marine Benthic No na Yes Benthic maps need
Communities updating
Water Quality
Bacteria Yes na na Some historic data
Nutrients Yes na na
Clarity Yes na na
Physical Yes na na T b Smca
Oceanography Vo (e e
Soils No na na Recent work by SCS
Geology
Terrestrial Yes na na
Marine No na na
Air Quality Yes na na
Meteorological Data Yes na na
Museum Collections na na na Included w/i VIIS
collection
GIS Data Some aerial photos and
Digital Data na na na bathymetry available
Aerial Photos na na na
Historical Database
Ecological Hist. Yes na na Annotated bibliography
Bibliographic No na na for marine studies




STATUS OF VIRGIN ISLANDS NATIONAL PARK INVENTORIES/BASELINE DATA

Inventory Type

Additional
Inventory Needed?

Species
List
Conplete

Distribution

Known

Comments

Native Plants No Yes Yes 810 spp. Flora in prep.
Exotic Plants Yes Yes No
Marine Plants Yes No No
Native Birds No Yes Yes Ongoing warbler and
pelican studies
Exotic Birds Yes No No House sparrow invasion
Terrestrial Mammals Yes Yes No Bats poorly known
Exotic Terr. Mammals || No Yes Yes 14 spp. of exotic mammals
Marine Mammals No Yes No Migrate through park
waters
Terrestrial Reptiles || Yes Yes No No surveys since 1980
Marine Reptiles No Yes Yes Green & Hawksbill sea
turtles
Amphibians Yes No No Several exotic frogs
introduced
Terrestrial Yes No No 400 spp. of endemic
Invertebrates beetles. Ectoparasite
study ongoing
Fungi Yes No No Recent surveys conducted
Marine No Yes Yes Historic info & current
Fishes/Shellfishes studies
Marine Invertebrates
Hard Corals No Yes Yes
Sponges /Gorgs Yes No No
Others Yes No No




Mar-ine Benthic na Yes Benthic maps need
Communities updating
Water Quality
Bacteria na na Data taken monthly from
Nutrients na na 30 sites around island
Clarity na na
Physical na ha
Oceeanography
Soils na na Soils map due from SCS in
1994
Geology
Terrestrial na na
Marine na na
Air Quality na na Particulate sampler in
use
Meteorological Data na na USGS station in operation
Museum Collections na na VIIS collection includes
very good herbarium &
fish specimens
GIS Data 18 qata coverages
Digital Data na na avallable. Series of
Aerial Photos na na aerial photos from 1947
Historical Database Comprehensive report of
Ecological Hist. na na research conducted in
Bibliographic na na park up to 1988.
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Three new species of plants have just been described, with two known only from
St. John and one only from St. John, St. Thomas, and adjacent islands (Acevedo
1993). In 1991, information on the status of rare plants in VIIS was updated and
compiled with assistance from the Center for Plant Conservation at a conference in
San Juan, Puerto Rico. A vegetation map of St. John was produced in 1987.

Detailed information on species and species distributions come from studies in
long-term plots in 8 different watersheds. For example, Anne Reilly from the Univ.
of Georgia has identified, tagged, and mapped over 6,000 trees in plots in the
moist and dry forests (two 1.0 ha, one 0.5 ha). Dr. Francisco Dallmeier from the
Smithsonian Institution’s SI/MAB Biodiversity Program established a 1-hectare
permanent plot in a north-facing dry semi-evergreen woodland within the VINP in
1991. Initial inventory is complete and all trees > = 4.0 cm DBH have been
mapped. Future plots are planned, and will contain a dry evergreen thicket, a
cactus community and a coastal hedge. The longest forest monitoring project,
begun in 1983 by Dr. Pete Weaver (Intern. Institute of Trop. Forestry), inventoried
all species in 16 (size??) plots in the Cinnamon Bay watershed (moist gallery
forest). The University of Wisconsin established a set of ten permanent plots each
measuring 10 m X 50 m at five Park locations in 1988. These plots focus on the
island’s tropical dry forest in various stages of regeneration, and include stands
ranging in age between 35 and 125 years. A chapter in a recent Ph.D. dissertation
(Ray 1993) compares demographic traits and relative abundances of tree species in
these plots.

A thorough vegetation survey of Buck Island was conducted in 1976 (Woodbury

and Little 1976). A vegetation map should be prepared and more data are needed

on the distributions of rare plants on the island. The extent of exotic plant species

encroachment has not been monitored. An inventory of island vegetation should

be conducted. L. vitoe ve \\,._Mf&_u(“:‘k - IQ;gOS 3 1993 ‘f\aw"‘“\vﬂyd e
V< &4 vw«aﬂz?,pé rovneakos & gw*:ib.:@ugm e Aen b vk 3i§f§lw§::i -

Exotic plants > 7

Approximately 150 plant species (<20% of island flora) on St. John are

naturalized exotics. Only three tree species are noxious weeds, capable in certain
habitats of displacing native species. The first, Leucaena leucocephala, is a fast

growing early colonizer of pastures and other intensively disturbed sites, forming
monospecific stands in the most degraded sites. Leucaena is so well distributed on

the island that any steps taken to manage the species would be extremely

impractical. The species should be left to its own devices for three reasons: 1) it

fixes nitrogen, enriching the nutrient base on sites with otherwise impoverished

soils, 2) it protects exposed soils on many degraded slopes from erosion, and 3) it

is generally outcompeted by native species in recovering forests.

A second major exotic tree species, Melicoccus bijugatus,”"Genip", often grows in
monospecific stands. Melicoccus may pose a significant threat to the integrity of
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those native dry forest communities where it is most abundant.

A third woody exotic, Triphasia trifolia, " Sweet lime", now dominates the
understory of many disturbed basin forests on St. John’s north shore and is
common on trailsides in dry forests.

Marine organisms

The major groups of marine organisms within VIS, BUIS, and DRTO, especially
those associated with the coral reefs, are relatively well-known. The NRP Fisheries
Project and previous studies have produced a comprehensive list of coral reef
fishes. The list of stony corals is virtually complete, but we lack comprehensive
knowledge of octocorals and sponges. Research by scientists and students at the
West Indies Lab. on St. Croix focused on Buck Island for the 20 years which the
lab. functioned. (This lab. was destroyed by Hurricane Hugo and never reopened.)
Earlier collections and records of fish, corals, gorgonians, and sponges have been
supplemented by recent inventories. Lobster and conch surveys have been done at
all three parks but need to be repeated. A comprehensive list of marine plant
species is available.

Sea turtles

Four (possibly five) species of sea turtles are known from DRTO and three from
USVI waters. Intensive research on sea turtles has been conducted at BUIS since
1987 with emphasis on nesting requirements and nesting success. Over 20 SO+
female hawksbills have been tagged. A survey is needed to determine critical
foraging and resident habitat use by both juvenile and nesting hawksbills. Greens
and leatherbacks also nest on BUIS but in far fewer numbers. Some information is
available on movements of hawksbill sea turtles from satellite telemetry data.

Fewer turtles nest on St. John’s beaches than on Buck Island. Intensive

monitoring on this island took place in 1985, 1986 with more limited monitoring
again in 1992 and 1993.

The threatened loggerhead and endangered green are known to nest on DRTO
keys. Juvenile hawksbills and greens forage among reefs and lagoons, and
hawksbills may nest on the islands. The endangered leatherback has been
observed in deep water near the park, while the endangered Kemp’s ridley has
been reported from the area.

Relatively complete records of sea turtle nesting (primarily loggerheads and a few
greens) are available for about six years (non-consecutive) at DRTO, mostly in the
1970’s and 1980’s. Data for some years include counts of eggs and records of
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hatching success. Several years of tagging data are also available. In addition, :
partial surveys of nesting in other years and various anecdotal observations and { H,)
photographs exist. The nesting population is believed to include 50 to 100 nesting~
females per year, but the data are not adequate to determine trends.

Future monitoring of sea turtles would be conducted with the standardized

protocols used by Florida DNR and the USFWS.

Mammals

Of jche 17 species of mammals that inhabit St. John, only the 5 species of bats are
native and little is known of their status in the park. Bats have been observed at
BUIS, but no detailed information exists. 7 Ve e -

Marine mammals, such as humpback whales and dolphins, are occasionally seen in
within VIIS and BUIS waters.

St. John has 12 species of non-native mammals that have the potential for causing
further large scale ecological changes to the island. Mongooses were introduced
to St. John in 1872 to control rats and have since become naturalized, but large
scale reductions in native birds, reptiles, and amphibians have resulted. Feral
populations of goats, pigs, and donkeys have been steadily increasing since the
1960’s, and pose a serious threat to park resources. Mongooses have been
eliminated from BUIS, but rats are still present and are known to consume sea
turtle eggs and hatchlings.

No large grazing animals are indigenous to any of the Caribbean islands. Most
forested lands in the Eastern Caribbean were cleared and converted to agricultural
uses. On St. John, populations of feral donkeys have been on the increase since
the 1960’s. Goats are generally untethered and form large herds. Domesticated
pigs frequently escape or are permitted to roam through forested areas. Cattle,
horses and sheep also graze island-wide. The effects of grazing by farm animals
on the VIIS forests are significant and increasing.

Donkeys

Donkeys prefer early successional dry forest areas (many of which were pastures
when the VIIS was established in 1956) over the more mature, closed-canopy dry
woodlands. These degraded parklands are typically species-poor, open thickets
dominated by thorny leguminous vines and exotic trees (Ray 1993). Mangrove
communities, particularly the swamps, salt ponds and mud flats are also sites of
intensive donkey grazing.

Goats
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herds of goats currently graze in the dry evergreen thickets and woodlands on St.
John. In some areas, goats have created scrublands where diverse, dry evergreen
thickets once thrived. The cactus community on Ram Head (south shore of St.
John) has been stripped of much of its herbaceous cover. Woodlands with closed
canopies are divested of most native seedlings and saplings. Soils thus exposed
on steep coastal hillsides frequently erode, hindering forest recovery. It is not
necessary to demonstrate the destructive effects of goat grazing on dry forest
communities. The consequences of permitting goats to graze unattended on island
vegetation are on display throughout the region.

Pigs

Feral pigs roam widely on St. John and are of increasing concern because of their
effects on the island’s vegetation. Even some of the more remote areas are now
showing evidence of pig rooting, and pigs have already destroyed several sampling
sub-plots within one of the long-term vegetation plots, on Bordeaux mountain.

Birds

Shared species of pantropical seabirds provide one of the strongest biological
linkages between the NPS areas of the tropical island cluster (DRTO, VIIS, BUIS).
The Caribbean seabird guild in oceanic areas of the cluster includes 17 species, of
which 14 nest or occur regularly in and around DRTO and the USVI parks,
including tropic birds, frigate birds, boobies, noddies, and terns. Extensive
information on nesting seabirds is available for DRTO, notably studies by Dr.
Robertson and others on terns, noddies, and masked boobies (Robertson 1964,
Clapp and Robertson 1986).

A comprehensive inventory of birds for VIIS has been completed. This inventory
includes basic distributional information and breeding/migratory phenology, and has
been summarized in a checklist for St. John. The Audubon Christmas Bird Counts
provide useful data. A population monitoring study begun in 1992 focuses on the
wading bird community within salt-pond and mangrove wetlands on St. John.
Initial results indicate widespread movement between wetlands by birds due to
water fluctuations.

A current monitoring study by ornithologists from the Institute of Tropical Forestry,
the Nature Conservancy, and Connecticut College is examining population densities
and species assemblages of 13 species of winter-resident neotropical warblers that
occur within VIIS. This study demonstrated that the intact forests of St. John
contain higher densities and richer species diversity of warblers than the
fragmented forests of neighboring St. Thomas.

The brown pelican was listed as an endangered species throughout its range in
1970, which includes the U.S. Virgin Islands, because of declining populations as a




result of pesticide contamination. Nesting DO%ationsqhave%$;1é§in the USTVIZ [ ”/ “
from over 475 nesting pairs during 1980 to approximately 200-300 in the last

sevefal years.#### Pelican die-offs have occurred in the Puerto Rico/Virgin Islands

area in re?ent years. Causes are unknown, but a prime presumed factor is a

decrease in fish fry populations necessary for recruitment and survival.

Surveys of .brown pelicans, boobies, terns, and other seabirds have been
cpnducted in the USVI since 1975 by the VI Territorial Wildlife Department, U.S.
Fish & Wildlife Service, and NPS staff.

Reptiles and amphibians

Reptiles and amphibians are the least well known of the VIIS and BUIS terrestrial
vertebrates in terms of distributions and relative abundances. No systematic
inventory has been done within the park for at least 10 years. Current sources of
information concerning the herpetofauna are two identification guides. Plans at
BUIS call for reintroducing the federally endangered ground lizard.

Terrestrial invertebrates

A list of invertebrates (Platyhelminthes, Mollusca, Annelida, Onychophora,
Arthropoda, Arachnida, Myriapoda, and /nsecta) known to occur in VIIS appears in
Muchmore (1987).

A comprehensive survey of beetles on Buck Islandf/and St. John is ongoing.

Ectoparasites

In 1989, an incident of relapsing fever was traced to St. John

(Flanigan, et al. 1991). Unfortunately, nothing is known of the species of
ticks,fleas, and mites that live closely with the birds, rats, bats, mongooses,and
sometimes humans on the island. An inventory of the ectoparasites on St. John
and the presence or absence of any arbovirus associated with them would be of
interest ecologically and epidemiologically. NIH’s Rocky Mountain Laboratory is
presently identifying ticks and fleas from trapped mongooses and testing
mongoose blood for antigens to Lyme’s disease, relapsing fever, and the latest
"Navajo" hemorrhagic fever.

Soils

Scientists from the Soil Conservation Service are nearing completion of an updated
soil survey of the Virgin Islands (including Buck Island and St. John). A soil map at
1:12,000 scale (higher resolution than the existing map) will be completed in

1994. Additional soil series have been proposed for St. John as a consequence of
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new knqwledge of the unique (?) soil mineralogies of the island. Updated soil
map§ will permit a synthesis of the relationship of plant communities known in
detail from the long-term plots to the island’s soils.

Computerized data stations, which record soil temperature and moisture readings
on an hourly basis, have been installed in four locations in the Lameshur Bay
watershed as part of a regional network of such stations intended for long-term
monitoring of global climate change. Solar-powered weather stations at two of
these sites record relative humidity, rainfall, windspeed and direction, solar
radiation, and air temperature on an hourly basis.

All five University of Wisconsin plot locations have undergone thorough soil
analyses and three of the five sites have had their soils described by U.S. Soil
Conservation Service scientists. The three remaining forest monitoring projects
will be receiving an expanded program of soil characterization and physical and
chemical analyses.

Geology

A brief description of the geology of St. John appears in Rogers and Teytaud
(1988). Dr. Douglas Rankin from the USGS came to St. John several times in the
late 1980’s to prepare a new map for the island. The map is apparently complete,

but not yet officially available. 1S Mo Geo | [hibfacd |

Water Quality

Since 1988 VIIS biologists have been gathering data on turbidity, percent light
transmission, salinity, dissolved oxygen, pH, and conductivity at 30 sites around
St. John. Recently, the Research Division acquired a LiCor Quantum Meter which
is being used to gather baseline data on "photosynthetically active radiation” (PAR)
and light extinction coefficients (an indication of the amount of light which reaches
selected depths below the surface).

We need more information on nutrient concentrations in marine waters around the
island and the input of nutrients from land to determine the significance of sewage
and other contamination.

Only very limited information is available for water quality parameters at DRTO.

Bacteria A baseline inventory of E. coli and Staphylococcus aureus in the marine
waters and monitoring on a 6 month basis would be sufficient (with the
nutrient/chlorophyll testing) to detect the presence of untreated human sewage.
This is obviously important as St. John is being developed rapidly, tourism
increases yearly, and, at present, we have no information on the presence or
absence of bacteria in the marine water. The only reliable sampling to date was
done in Dec. 1992 when 5 sites in St. John waters were sampled for a UNEP
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funded study; all cultures were negative for the St. John samples.

VIIS has just begun a 1 year study to document nutrient (nitrates, nitrites, and
phosphates) concentrations in the waters surrounding St. John. Since an increase
In nutrients may not be detected because of rapid removal during a phytoplankton
bloom, it is also important to determine the amount of phytoplankton in the water
by analyzing for chlorophylls a and ¢. This needs to be added to the study. Two
factors contribute a seasonal influx of nutrients to St. John's waters:

1) heavy rains wash soil, animal feces, and organic debris from areas which are
being cleared for development down into the intermittent stream beds on the island
and into the ocean

2) the Orinoco River discharges its nutrient-laden water into the SE Caribbean
where it is carried Northwest by currents, to exit the Caribbean, between St.
Martin and the Dominican Republic While transiting the Caribbean, the nutrient-
rich Orinoco waters stimulate a phytoplankton bloom which rapidly takes up the
nutrients and tightly recycles them.

This influx of nutrients is exhibited in the Caribbean islands by a dramatic decrease
in visibility (to less than 30’) with the normally blue waters turning a reddish-brown
color for a few days to weeks in October or November. This moving "river” of
phytoplankton feeding on the nutrients derived from South American soil can be
followed in satellite photographs of the region (Muller-Karger et al. 1989).

Physical oceanography

VIIS/BUIS

Knowledge of current velocities and directions is essential for effective
management of marine resources. Very little information exists on the currents
around Buck Island and St. John. Information on currents is important for
predicting the direction of transport of sediments, oil spills and other pollutants.
Currents transport fish and shellfish larvae and other reef organisms from upstream
sites and therefore can play a major role in the recovery of ecosystems after over
fishing or hurricane damage.

Data on water temperature are being obtained from thermistors which are left in
site at 3 coral reef study sites in St. John, one site at BUIS, and ### sites in Dry

Tortugas
DRTO

Through a cooperative effort with the Florida Institute of Oceanography (FIO)
SEAKEYS program, the NOAA National Data Buoy Center and Florida DNR, an
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gnhanced automated environmental monitoring system known as C-MAN has been
lnstglled at DRTO. This station is one of seven existing or planned stations in the
FIOI"Id.a Keys. Data collected include: wind speed, direction, precipitation, solar
radlattgn, and salinity. A cooperative agreement between FIO and DRTO,is needed
for maintenance of the station. A SEAKEYS hydrolab station and a NOAA
thermograph are also located in or adjacent to DRTO.

Air_guality

VIIS is a Class 1 area. The park is currently operating a particulate sampler which
operates over a 24 hour period twice a week. This sampler has been functional for
two years.

In order to bring air quality monitoring up to par for a Class 1 area, it is suggested
that a transmissometer be used. In addition, an Acid Deposition Station should be

established, to determine what baseline levels are in a relatively pristine site.

Meteorological Data

The USGS maintains a meteorological station near the Biosphere Reserve Center
which records wind velocity, wind direction, solar radiation, humidity, rainfall,
temperature, and barometric pressure. This station was installed in 1992.

See Tables 4, 5, and 6 for a listing of the top priorities for additional inventory.
3. Program Readiness:

VIIS/BUIS

WE ARE READY!!

Background

Virgin Islands National Park has collaborated with numerous other organizations
and agencies in establishing a basic, integrated long-term monitoring program. In
1982, the National Park Service founded the Virgin Islands Resource Management
Cooperative (VIRMC). Signatories to the Memorandum of Understanding were:
Virgin Islands National Park, The Department of Planning and Natural Resources
(USVI Government), University of the Virgin Islands, West Indies Laboratory
(Fairleigh Dickinson University), Island Resources Foundation, Eastern Caribbean
Natural Area Management Program, U.S. Geological Survey, U.S. Fish and Wildlife
Service, Southern Forest Experiment Station (USDA), University of Puerto Rico,
Caribbean Fishery Management Council, the Ministry of Natural Resources and
Labor of the British Virgin Islands Government, and the British Virgin Islands
National Parks Trust. Between 1983 and 1988, VIRMC members conducted 29
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projects (see Appendix B)####. The park’s research biologist, Dr. Caroline Rogers
served e.Is. the Executive Officer of VIRMC, and collaborated with Robert Teytaud ir;
synthesizing the results of these projects (see "Marine and Terrestrial ecosystems
of the Virgin Islands National Park and Biosphere Reserve).

Phase | of the VIRMC studies focused on obtaining baseline data on critical benthic
habitats and fisheries around St. John and Buck Island. Phase Il studies
emphasized an interdisciplinary approach to selected watersheds on St. John and
the initiation of long-term monitoring of some of the ecosystems. The third Phase
included studies of the consequences of increasing recreational uses of marine
resources, further work on long-term plots established in St. John’s forests and
watershed processes and an analysis of Buck Island fisheries.

Many of the more recent marine projects have been supported by NRP funds
through cooperative agreements with VIRMC members. In many other cases, the
park made in-kind contributions or covered transportation, lodging costs, purchased
supplies and provided NPS biological technicians to assist with field work.

The National Park Service provided $590,000 to support the NPS Coral Reef
Assessment Program for a 5 year period beginning in 1988. The overall goal was
to establish effective long-term research and monitoring sites at the four NPS units
which have coral reef ecosystems: VIIS, BUIS, DRTO, BISC. Seven cooperating
institutions participated in this program--University of Georgia, Northeastern
University, Florida Dept. of Natural Resources, Southeast Fisheries Center (NOAA),
USVI Division of Fish and Wildlife, West Indies Laboratory (Fairleigh Dickinson
University), and Island Resources Foundation. The Regional Office has provided
additional, limited funding to continue monitoring at these four sites. The
emphasis has been on hard corals, octocorals, and reef fishes. Thermistors have
been placed at several sites in all of the park units to collect continuous data on
sea temperatures.

The effects of Hurricanes Hugo (1989) and Andrew (1992) have been documented
at the respective parks but monitoring of recovery should continue. Cruise ship
anchor damage to reefs has been documented and monitoring of recovery should
continue.

The substantial amount of research which has been conducted on the marine and
terrestrial ecosystems of St. John in the last decade has provided an excellent
basis for an expanded and more systematic monitoring program. Significant
amounts of NRP funding (for marine resources) and a commitment by the Regional
Chief Scientist to sustaining long-term monitoring have been combined with
funding and in kind contributions from several other agencies (including UNESCO'’s
MAB [program] to support these efforts. The Research Biologist for VIIS has
encouraged collaboration of the scientists working on the island (for example,
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collection of soil samples in long-term vegetation plots) and concentration of much
of the research in a few watersheds which were selected for their ecological
significance. The Lameshur Bay watershed has been the focus of research on dry
forests, coral reefs, seagrass beds, reef fishes, soil temperature/moisture, sediment
runoff, etc. The forested, largely intact watersheds of Little Lameshur Bay, Great
Lameshur Bay and Reef Bay are considered the core of the Virgin Islands Biosphere
Reserve (although not officially designated as such).

Long-term vegetation plots have been established in 8 watersheds on St. John,
and research on forest dynamics including succession, regeneration after Hurricane
Hugo, seedling mortality, and germination requirements are ongoing. Additional
terrestrial studies include mapping of the island’s soils, and a paired watershed
study to look at the effects of clearing of vegetation on sediment runoff rates (see

Table 7).




OBJECTIVES

RESEARCH INSTITUTION DATE
PROJECT RESEARCH SITE
Veget.ation lntern’tl 1982 List plant species Istand-wide
mapping Institute on island
Tropical
Forestry
Forest Dynamics Intern’t 1983- Long term 16 plots on
Study | Institute Tropical present monitoring of elevation
Forestry forest dynamics gradient,
Cinnamon Bay
Forest Dynamics New York 1986- Long term 3{0.5-1.0
Study 1l Botanical Garden/ | present monitoring of hectare) plots in
U of Georgia forest in 3 3 forest types
watersheds
Seedling and New York 1989- Monitoring seedling | 3 permanent
Sapling Dynamics | Botanical present and sapling forest plots
Gardens/ U of survival, growth &
Georgia mortality
Permanent Smithsonian 1992 Establish dry forest | 1 hectare dry
Monitoring in Institution plot as part of forest plot
Semi-evergreen MAB
Dry Woodiand Biodiver-sity
Program
Dry Forest U of Wisconsin 1988-1992 Research dry forest | 5 long-term
Restoration restoration and plots
effects of
Hurricane
Soil Character- Soil Conserv. 1992-1993 Prepare new soil Island Wide
ization Service map, character-ize Long term plots
soils
Paired Watershed USGS 1992 - Compare sediment | Developed and
Study present loads Natural

watersheds

Standardized Protocols

Standardized protocols are available for all major proposed monitoring programs.
One product of the NPS Reef Assessment Program is the comprehensive Coral
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Reef Monitoring Manual which was prepared by VIIS and BUIS research staff with
assustan'ce from many other scientists who participated in the program. This
manual includes all of the protocols which are relevant to research on coral reefs
and reef fishes in VIIS, BUIS, and DRTO.

The Smithsonian has provided published, standardized protocols for establishing
and monitoring of long-term vegetation plots and have established one hectare plot
on St. John using these protocols. Additional terrestrial vegetation survey
methods in use on St. John have appeared in Dr. Gary Ray’s doctoral dissertation
;nc: associated publications and in publications by Dr. Pete Weaver and Anne

eilly.

An annotated bibliography is available for marine studies at Buck Island and the
ecological history of VIIS prepared by Research Biologist C. Rogers and R. Teytaud
includes an extensive bibliography.

DRTO

The system-wide marine resources planning brought about by the establishment of
the Florida Keys National Marine Sanctuary in 1990 provides an excellent basis for
establishing a systematic and coordinated monitoring program for DRTO.
Implementation of the FLKNMS management plan will involve numerous MOAs,
MOUs and cooperative agreements. These should begin to come on line over the
next two years. NPS staff have been participating in Sanctuary planning from the
beginning, and will continue to be part of the Sanctuary management team and the
management process.

4. Monitoring Program Design:

The monitoring program proposed here for VIIS, BUIS, and DRTO is essentiailly an
expansion of existing and prior monitoring and an effort to integrate ongoing
monitoring activities into a systematic, comprehensive program with continuity and
consistent funding. The integrations of these activities means placing them in a
well-defined conceptual framework and coordinating the studies with each other so
that the projects are not carried out in isolation from each other but rather pieces
of an ecologically-based program. Tables 4,5, and 6 list the highest priority
monitoring projects.

FUTURE MONITORING

Coral reefs: VIIS

Long-term coral reef research around St. John currently focuses on Newfound Bay
(begun in 1990), Lameshur Bay (begun in 1988), the "Windspirit" anchor site
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(begun in 1988). The emphasis has been on percent live coral cover, species
diversity of hard corals and octocorals and sponges. This research has been one of
the primary activities of the NPS research staff with complementary studies by
outside investigators. The program will be expanded to include one or more
permanent sites in additional areas around St. John to provide better
representation of the island’s marine hard bottom communities. Benthic maps
prepared in 1986 as part of a VIRMC project indicate that gorgonian(i.e., soft
coral)-dominated pavements are more widespread than the current monitoring sites
at Newfound and Lameshur Bay which have higher amounts of hard corals and
better-developed reef structures. Further research is necessary to determine the
relative value of these different reef habitats to fish populations.

We propose to expand the current monitoring program for coral reefs with the
addition of two or more new sites. Haulover Reef (Figure ###) is considered the
highest priority because of the potential for degradation which could accompany
development of the associated watershed. The park boundary cuts through
Haulover Bay, a pristine watershed. Western Haulover Reef is one of the best
developed reefs in the park, with exceptionally high cover by the Caribbean’s
primary reef builder, Montastrea annularis (star coral). Major road construction
began in August 1993 along the steep hiliside on the eastern side of the bay.
Private development of thirty lots, 2-3 acres in size is proposed for the bay.
Because of its windward ("upstream”) location, Haulover has been considered less
subject to some of the stresses which presumably influence other bays in the park
(e.g., sedimentation). However, an oil spill in March of 1991 resulted in tarring of
the rocky shoreline within the bay. No serious environmental consequences were
observed after the spill.

We propose to establish a permanent, long-term site in Haulover using methods
which we’ve used at our other reef sites. The second proposed reef site would be
selected after preliminary surveys from an area dominated by octocorals rather
than hard corals. Benthic maps and observations by park biologists indicate that
these reef types are more representative than the hard coral-dominated areas
which characterize our Newfound and Lameshur sites. Initially we selected those
sites because well-developed physical structure of the reefs is generally associated
with higher diversity of organisms. Our new study site would be chosen from an
area with low topographical relief, low amounts of cover by live hard corals, and
an abundance of gorgonians.

Belt transects or random quadrats would probably be chosen over line transects for
collection of benthic data as they are more appropriate in octocoral-dominated
areas (NPS Coral Reef Monitoring Manual). After establishment of the two new
sites, biological monitoring would be conducted every 6 months with greater
frequency in the event of a major storm, oil spill, or other disturbance.
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Several episodes of bleaching of hard corals and other reef organisms have been
reported in the last decade for Pacific and Caribbean reefs. Severe bleaching was
documented on VIIS and BUIS reefs in 1987. Most coral colonies which were
observed over several months recovered entirely or partially from the bleaching.
Bleaching appears to be related to high water temperatures and UV radiation, and
some scientists think that it is related to global climate change. Monitoring of
reefs in DRTO, VIIS, and BUIS should include documentation of any bleaching
events which occur following the protocols which have been expressly described in
the NPS Coral Reef Monitoring Manual.

Coral reef fishes/VIIS

The proposed monitoring of reef fish assemblages in VIIS would include
continuation of ongoing monitoring (including documentation of species within fish
traps, visual censusing) with the addition of censusing on a regular basis (at least
quarterly) at the two new coral reef sites (Haulover and one reef to be selected).

An NRP project on the effects of fishing in VIIS and BUIS is now underway. Visual
censusing of fish populations around St. John, and in particular, at Lameshur Bay,
and censusing of the fish caught in traps should be continued to allow evaluation
of the effects of fishing on the reef fish assemblages. Similar monitoring is taking
place at BUIS. Two VIIS sites, Yawzi Point (in Lameshur) and Cocoloba Reef, have
been intensively sampled since Nov. 1988. This effort provided information on
monthly/seasonal variations and allowed documentation fee the effect of a large
natural disturbance, (Hurricane Hugo), on reef fish assemblages. Annual sampling
at 10 reef sites around St. John has been conducted since 1989. A previous
study (Boulon 1986) sampled fishes among different habitats. Existing trends
demonstrate seasonal variation in abundance due to recruitment peaks, natural
variation in species abundance, and differences in assemblage structure among
sites. A longer trend should provide information on cyclic changes in assemblage
structure and in abundance of commercially important species such as groupers
and snappers.

Reef fish assemblages exhibit high variability in numbers of individuals both
seasonally and annually, and only long-term monitoring can reveal if abundance
and sizes of fishes are declining. More data are needed to elucidate trends in fish
populations and the relationship between habitat structure and the abundance and
diversity of fishes. This information will augment the work (referred to earlier) by
Nick Wolff, a graduate student from the University of Rhode Island. Nick is
scheduled to begin his work in Fall 1993. He will be examining the relationship
between habitat structure and fish assemblage characteristics through a
combination of a trapping program and visual census techniques. A few studies
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have shown a correlation between number of species and abundance of fishes and
the percent live coral cover and/or topographical relief (substrate complexity).
Areas with higher bottom relief may support more species because they provide
better shelter from predators and/or more food organisms.

Studies of fish assemblages in octocoral dominated areas and knowledge of
locations where fishermen generally set their traps will add to our limited
knowledge of the effects of trap fishing around St. John.

In addition, density and abundance of groupers and snappers (large predators, of
commercial importance) will be studied on at least three reefs (to be selected)
within the park.

Baitfish, including Jenckensia and Herengula spp., are clearly of significance to
local fisheries. Populations of these fish are very difficult to sample adequately.
However, presence/absence surveys around the full moon when these fish are
known to aggregate in nearshore waters can be conducted for bays around St.
John. This simple monitoring activity can provide very useful qualitative data.

Recruitment of larval fish is known to be highly variable over periods of several
years and it can be difficult to study effectively. However, recruitment of fishes of
particular species to areas along the permanent transects established for several
coral reef sites around St. John will be attempted as part of the proposed
monitoring program.

Lobsters and conch will be surveyed for comparison with data collected during
previous studies in the late 1960’s (during the Tektite program) and in 1990

Finally, we propose to establish a marine reserve within VIIS within which fishing
is prohibited. Reserves are beneficial because they are thought to 1) protect the
spawning stock biomass, 2) supply recruits to fished areas, 3) enhance catches in
adjacent areas through emigration, 4) insure against stock collapse due to
successive years of poor recruitment, and 5) simplify enforcement (Davis 1989,
Bohnsack 1990).

Marine reserves established in New Zealand, the Philippines, Australia, Kenya,
Costa Rica, Belize and other countries have in the 1.5 to 13 years of their
existence gained enthusiastic support from the public, fishing community, and
researchers in the area. They range in size from large (> 300 km?) to small (<0.5
km?), temperate to tropical, and occur in developed and developing countries.
Unfortunately, very little quantitative information exists on the marine communities
at these sites before they became reserves. Despite this lack of prior data, the
changes have been so dramatic, many fisheries scientists consider marine reserves
to be the newest and most promising fisheries management tool. Now all we need
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is "hard" data.

VIIS is in the unique position of having 5 continuous years of data on fish
assemblages and coral cover data. A marine reserve [at Lameshur} on the south-
shore of VIIS would have as its foundation both long-term monitoring data and
years of multi-disciplinary studies:

-our long-term coral reef monitoring site (since 1988)

-site of the Tektite studies (underwater habitat)--1968-1971

-sites of John Randall’s classic early fish work (early 1960’s)

-3 long-term fish census sites (since 1988)

-2 monitored turtle nesting beaches

-sites of an NPS/USGS paired watershed study

-site of 10 year study of the sea urchin Diadema antillarum, probably the most
significant grazer on coral reefs

-site of an ecological field research station (VIERS) from which a multitude of
"snapshot" and long-term studies are carried out

-site of long-term studies on sea grass beds

Monitoring the fish, conchs, lobsters, and living coral on the reefs would provide
data on before and after reserve establishment, data which are not available from
anywhere else.

We are very excited about observing, documenting, and ultimately analyzing the
changes as they occur in the marine reserve. The information would be invaluable
to other scientists and managers contemplating creation of other marine reserves.
All of the studies necessary for evaluation of the effects of a marine reserve are
ongoing.

The selection of the site for the reserve is very critical. If Lameshur Bay is
selected, prior baseline data will be available. Elsewhere, data on fish assemblages
(sizes, species) will have to be obtained prior to establishment of the reserve.

The USVI Government has been looking into the possibility of establishing several
reserves around St. Thomas and St. John. Possibly the NPS reserve could adjoin a
local government reserve along the park boundary, increasing the size of the area.
In some cases, prohibition of fishing has resulted in surprisingly rapid increases in
the size of target species.

Channel Islands National Park, under the direction of Dr. Gary Davis, is pushing for
establishment of marine reserves. Creation of these reserves in a temperate (CHIS)
and tropical (VIIS) park offers exciting opportunities for comparison.
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Coral Reefs/Reef Fishes: BUIS

The proposed monitoring program for reefs at BUIS would include continued
monitoring at all sites surveyed under the NPS Coral Reef Assessment Program.
White band disease and storms have severely reduced the populations of elkhorn
coral, Acropora palmata, which was the primary framework-building species at
BUIS. Dr. Bill Gladfelter documented the decrease in the percent cover of this
species as a result of physical damage during Hurricane Hugo. Prior to Hugo, this
species appeared to be recovering from white band disease. Monitoring of the
sites established by Dr. Gladfelter and additional sites on the generally less studied
northwestern patch reefs around the island to document the status of this species
are proposed.

Hurricane Hugo devastated portions of BUIS; some areas were scoured and
leveled. Recruitment of hard corals and other reef organisms would be monitored
as part of the proposed program. (Very limited data on recruitment are available
for a very small area in Feb. 1993.) Coral reef fishes are being monitored twice a
year at BUIS as part of the NRP Fisheries Program. Additional information on trap
harvests is also being gathered on a limited basis.

Coral reefs/reef fishes/shellfish DRTO

Corals, octocorals, and reef fishes have been sampled at five long-term monitoring
sites at DRTO since 1989. This sampling effort by Florida Marine Research
Institute scientists has been limited to two trips per year. Additional information is
needed on other sites, notably an extensive, well-developed reef north of the main
island. The community structure of fishes associated with the various habitats
within DRTO and surveys of recreational fishing are proposed for future monitoring.

The benthic habitat map published by Gary Davis (Davis 1982) for the Dry
Tortugas serves as a starting point for collection of specific information on the
various reef fish habitats. Future monitoring would included the comparison of
differences in fish assemblage structure and abundances among habitat types.
These studies will help to identify critical habitats which may need additional
protection.

Presumably because of the park’s remote location and the absence of commercial
fishing, Dry Tortugas has large numbers of large reef fishes, lobsters and conchs
within park boundaries. Groupers over 0.5 m are common. While lobsters and
conchs are completely protected, reef fishes are not. Recreational fishing is
apparently increasing. Charter boats land several hundred pounds of fish per trip.
Adequate protection of the reef fish within DRTO depends on obaining estimates of
recreational landings and on the existing abundance and density of reef fish.
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Limited monitoring of the lobsters and conchs in the park should be carried out for
comparison with earlier work done by Gary Davis.

Monitoring of the recreational fisheries at DRTO will be carried out using protocols
established for Everglades National Park. Given the significant fishing pressure
observed throughout the Keys and increasingly at DRTO, the comparative value of
monitoring at DRTO can not be overemphasized.

Sea turtles

Monitoring of nesting sea turtles will be continued at BUIS and DRTO. Information
derived from the BUIS research and monitoring program is directly applicable to the
continued listing and protection of hawksbills as priority 1 species under CITES in
1994. Caribbean hawksbills have been the target of black market bekko
(tortoiseshell) sales to Japan; since Japan has agreed to stop importing bekko in
1994, they are looking elsewhere for a supply. It is critical to determine whether
or not hawksbills undertake reproductive migrations and, through mitochondrial
DNA analysis, the relatedness of the females nesting in the few concentrated
"rookeries” known in the Caribbean.

Other Marine studies

Our proposed monitoring program includes continued support for a series of small
projects, some of which have been ongoing for 10 years. (In most cases, travel
expenses are all that is required.) Dr. Don Levitan started research on the black
sea urchin Diadema antillarum in 1983, prior to the over 95% mortality of this
important herbivore throughout the Caribbean. He has been able to document their
slow recovery.

Dr. Lisa Muehlstein (University of Richmond) started monitoring of sea grass beds
in Great Lameshur Bay in 1989 for change in species and density of sea grasses,
and recovery of areas scoured by waves associated with Hurricane Hugo.
Monitoring will be expanded to include additional sites in Lameshur and on the
north shore of St. John. Sampling of permanent transects will be done on a
quarterly basis and will provide data on seagrass community structure, densities,
and productivity.

Effective September 6, 1993, anchoring is prohibited in Great and Little Lameshur
Bays, St. John. Monitoring of the sea grass beds in these bays will demonstrate if
mooring buoys effectively provide protection to these resources.

Dr. Pete Edmunds (California State University) started monitoring of black band
disease on hard corals in 1985 and established permanent quadrats and transects
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in Lameshur Bay coral reefs. He has documented the effects of Hurricane Hugo,
and has just begun studies of coral recruitment and DNA fingerprinting in corals.

Monitoring of water gquality
VIIS

We propose to continue the monitoring of water quality on a monthly or bi-monthly
basis around St. John and to augment the basic data we have been obtaining with
information on nutrients, chlorophyll, and bacteria collected on a quarterly or semi-
annual schedule.

Suspended matter concentrations at all sites will also be sampled as an indication
of the amount of sediment in the water column. This will be done in conjunction
with the LiCor Quantum Meter readings.

Development on St. John poses a serious threat to the water quality and,
therefore, to the coral reefs of VIIS. By monitoring nutrients, bacteria, and
chlorophyll, any short-term large increase or long-term continuous increase could
alert park and territorial government managers to 1) the need to restrict further
development of lands on St. John or to require more protective measures during
development; 2) put a ceiling on the number of boats anchoring in bays (most
boats discharge human wastes directly into the ocean); 3) advise swimmers of
bays which are unsafe for swimming; or 4) or restrict the dumping of raw sewage
from boats or houses into park waters.

BUIS
Water quality (including nutrients and bacteria) will be sampled at Buck Island on a
quarterly basis.

Dry Tortugas

The Dry Tortugas are the first land