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The Virgin Islands Resource Management Cooperative (VIRMC)
was formed in 1982. Signatories to the Memorandum of Understand-
ing are: Virgin Islands National Park, the Department of
Planning and Natural Resources of the U.S. Virgin Islands Govern-
ment (Division of Fish and Wildlife and Division of Natural Re-
sources Management), University of the Virgin Islands, West
Indies Laboratory, Island Resources Foundation, Eastern Caribbean
Natural Area Management Program, U.S. Geological Survey, U.S.
Fish and Wildlife Service, Southern Forest Experiment Station,
University of Puerto Rico (Sea Grant Program and the Center for
Energy and Environment Research), 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.

The objectives of the cooperative are:

1e To establish a Virgin Islands Resource Management Coopera-
tive for the purpose of providing coordinated research, exten-
sion, and educational support of programs to achieve full bene-
fits of island forests, wildlife, water resources, the marine en-
vironment, and historic areas and their associated resources for
their cultural, social, commercial, economic, and recreational
utilization and enjoyment.

2 To provide for the direction and management of the Coopera-
tive by forming an Executive Committee, comprised of one repfe—
sentative from each of the organizations who are parties to this
agreement, which will a) elect annually a Chairman from the mem-
bership of the Executive Committee to serve for a term of one
year, b) appoint an Executive Officer to a staff position to co-
ordinate the work of the cooperative, c) appoint technical com-
mittees and project leaders, d) provide for the orderly process
of development and implementation of policy, and e) foster coop-
erative activities and relationships among participating parties
and with other agencies and institutions.

3l To coordinate and facilitate financial and other support for
research on environmentally acceptable uses of forests, wildlife,
the marine environment and historic areas, and their associated
resources in order to provide for their better management.

4. To provide for the collective utilization of the unique at-
tributes and resources (personnel, facilities, equipment, and
other support services) of the parties as they may relate to ob-
jectives pursued under this agreement.

e To plan for appropriate dissemination, publication, and ap-
plication of research and information.
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ABSTRACT

A quantitative forest inventory was conducted in three permanent
study plots within the boundaries of the Virgin Islands National Park on
the island of St. John, U.S.V.I. Plot One, on Bordeaux Mountain, is
located in the Reef Bay watershed and is 1 hectare (ha) (100m x 100m).
Plot Two is found in the L'Esperance area of St. John in the Fish Bay
watershed and measures .5 ha (50m x 50m) in area. Plot Three is located
on the north coast of the island in the Hawksnest Bay watershed and is
also .5 ha (50m x 50x). All stems with a diameter at breast height
(DBH, at 1.3 meters) dgreater than or equal to 5cm were sampled.
Information gathered included taxonamic identification, DBH measurements
in centimeters, tree heights in meters and spatial distribution within
the study plot. With these data, basal area, relative density, relative
dominance and relative frequency values were calculated by species.

Plot One (Bordeaux) 1is located in upland moist forest. A total of
62 species were identified representing 33 families with a basal area of
31.08 square meters from the 2348 stems sampled. The five most
important. species based on calculation of ecological importance value or
I.V. (sum of relative density, relative dominance and relative frequency
values) included: Guapira fragrans (I.V.=34.79); Pimenta racemosa
(I.v.=32.37); Inga fagifolia (I.V.=31.61); Acacia muricata (I.V.=29.20);
and Byrsonima coriacea (I.V.=25.66). Together these five species make
up 51.19% of the total importance value.

Plot Two (L'Esperance) is also located in upland moist forest. A
total of 39 species were identified representing 26 families with a
basal area of 15.82 square meters from the 1199 stems sampled. The five
most ecologically important species included: Ardisia obovata
(I.vV.=67.35); Guapira fragrans (I.V.=38.08); Inga fagifolia
(I.v.=21.00); Andira inermis (I.V.=19.09); and QOcotea coriacea
(I.v.=13.74). These five trees make up 53.09% of the total importance
value.

Plot Three (Hawksnest) is located in the dry evergreen woodland
vegetation type. A total of 54 species representing 26 families were
identified. The total basal area for the plot was 13.269 square meters
from the 1327 sampled stems. The five most ecologically important
species included: Melicoccus bijugatus (I.V.=102.67); Guapira fragrans
(I.V.=28.46); Bursera simaruba (I.V.=16.23); QOcotea coriacea
(I.v.=15.38); and Krugiodendron ferreum (I.V.=12.80). Melicoccus
bijugatus an introduced species, makes up 34.22% of the importance value
and the five combined total 58.51% of the importance value.

Each study plot has been located in a critical study watershed as
determined by VIRMC. The study will be long-term (20 years) and will
generate information on the dynamics of secondary forests including
growth rates, basic ecology, phytosociology, impact of previous land use



practices, and the role of exotic plant species. Information gathered
from this study will provide information to develop strategies for
forest management, ecosystem restoration and rare species conservation.
It is hoped that this initial inventory will also facilitate additional

ancillary studies both in the permanent plots as well as in the
watersheds where they are located.
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INTRODUCTION

Several recent documents have stressed the need to enhance research
and improve management techniques in secondary forest areas in the
tropics (Department of State 1980; O.T.A. 1984; World Resources Insti-
tute 1986). Vast areas of secondary forests throughout the Neotropics
have been overlooked as potentially productive areas due to lack of
information on basic ecology and silvicultural possibilities. These
areas could potentially be managed for timber and fuelwood in such a
manner so as to maintain a high percentage of the ecological integrity
while simultaneously relieving pressure on other more critical primary
habitats. This situation is especially true in the Caribbean where the
land pressure situation is critical and only small amounts of primary
forest remain to protect wildlife and watershed resources. Although
substantial strides have been made in the last several years, there
continues to be a paucity of baseline data available on the dynamics of
secondary forests in the Caribbean.

In an effort to gain additional knowledge in this area, the New
York Botanical Garden (NYBG) has initiated a long-term secondary forest
dynamics study in three critical watersheds in the Virgin Islands
National Park. Although not a member of the Virgin Islands Resource
Management Cooperative (VIRMC), the NYBG has received substantial
support from both Phase II and Phase III VIRMC Research Series supported
by the United States National Park Service (NPS). 'The following report
will provide a brief description of the process and progress developed
to date on the establishment of the study. The main purpose of this
document is to provide the reader with sufficient information on both
the methodology and results of the initial inventory so as to be a
useful tool for the initiation of ancillary studies or field training
exercises in the plots or the same watersheds.

It must be remembered that the overall goal of this effort is to
provide forest management information to natural resource professionals
and policy makers in the Caribbean to allow for the improved use and
management of forest resources. The NYBG is committed to monitoring the
plots over a period of twenty years to greatly enhance current knowledge
on successional patterns of degraded secondary forests. Only through
these types of detailed investigations can appropriate silvicultural
prescriptions be developed. Additionally, periodic results will allow
for decisions to be made in the hope that the current level of resource
degradation can be reduced.

Very little analysis of collected data has been provided in this
document. Rather, specific analytical results will be forthcoming via
scientific publications in forestry and botanical journals during the
twenty year life of the study. Obviously, all such information will be

made available immediately to both VIRMC and the Virgin Islands National
Park.



The specific purpose of this first phase of the study was to
establish the plots and conduct an initial inventory that would provide
baseline information on the floristic composition of three forested
areas on the island of St. John. The short-term objectives are to
identify all trees in each of the three study plots, determine the
diameter at breast height (DBH) to facilitate basal area analysis,
measure the heights of selected stems to allow for height calculations
via regression analysis, and to measure the spatial distribution of the
sampled trees.

Remeasuring will be conducted at specific time intervals not to
exceed five years. Once these concurrent data are compared with
previous information, the long-term objectives of the study can be
completed.

These long-term objectives include the following:

- Description of the dynamics and successional
patterns of secondary forests on St. John. Data to
be gathered include: tree growth, tree mortality
and recruitment, taxonomy, physiognomy, competitive
strategies and vertical stratification;

- Analysis of the impact of introduced species on
the development of natural forest.stands;

- Analysis of the role played by major disturbances
such as hurricanes; '

- Determination of the impact of previous land-use
practices on the recovery of the natural forest:;

= Production of management strategies for the
preservation of endangered plant species.

METHODOLOGY

Study Site

St. John was chosen as the site of this long-term study for a
number of reasons. From the ecological development standpoint, St. John
is similar to many other islands in the Lesser Antilles. The current
vegetation is similar to that of nearby islands (Beard 1945; Beard 1949:;
Little 1969; Woodbury and Little 1976).



Furthermore, the island was also subjected to the same mass exploi-
tation and forest removal that most of the islands of the region. This,
combined with the introduction of domestic animals and exotic plant
species, has totally altered the natural vegetation in many parts of the
Caribbean.

The plots are 1located in both a Biosphere Reserve and a U.S.
National Park. This has given the investigators confidence that the
likelihood of the plots being protected over the course of the study is
good. Additionally, with the Biosphere Reserve status, the potential
for information dissemination, regional significance and training
opportunities is much greater.

The Virgin Islands National Park has good information on the status
of the natural vegetation at the time the island became a park. A
series of aerial photographs dating back to 1954 can be used to evaluate
the vegetative changes over time. Assuming that the study areas have
been subjected to little or no anthropogenic disturbance in this thirty
vear period, 1t would at least on the surface seem that the forest has
returned in very natural fashion given the presence of domestic animals
and exotic plants.

Finally, there have been a number of previous studies looking at
the vegetation of St. John (Robertson 1957; Little and Wadsworth 1964;
Ewel and Whitmore 1973; Little et al. 1974; Forman and Hahn 1980; Weaver
and Woodbury 1982; Woodbury and Weaver 1987). However, none of these
have looked at long-term changes in the forest or the effects of histor-
ical land-use practices on stand development.

Plot Locations

The plots are located in same watersheds where other VIRMC
supported research is currently being conducted. This was done to lend
a watershed approach to research activities and hopefully reinforce
results found in other investigations. The three watersheds were chosen
because of current resource pressures and their distinct develomment
histories. As a result, the three plots were located in the Reef Bay,
Fish Bay, and Hawksnest Bay watersheds. Through the use of aerial
photographs and extensive ground reconnaissance, the study areas were
identified. All three plots were selected so as to be relatively
accessible on foot yet sufficiently off main thoroughfares so as to
avoid vandalism or edge effect. (Approximate plot locations can be seen
in Figqure 1.)

Bordeaux-Plot One

Bordeaux Plot (see Appendix I for summary data) was first estab-
lished in 1984. It is located just off the Bordeaux Mountain dirt road
at approximately 2.5 kilometers from the Centerline Road turnoff, at an



FIGURE 1. Map of St. John with Plot Locations
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elevation of 280 meters. At utility pole #31403-026 the trail to the
Plot heads off in a southwest direction down the gut towards Reef Bay
Plantation ruins. The plot begins at approximately one kilometer from
the Bordeaux Mountain Road. This plot is one hectare (100m x 100m).

The plot is located 1in secondary forest and has been variously
classified as: moist forest (Robertson 1957); subtropical moist forest
(Ewel and Whitmore 1973); evergreen broadleaf forest (Teytaud 1983,);
and upland moist forest (Woodbury and Weaver 1987). The continuous
canopy is approximately 15-20 meters with occasional emergent trees
reaching 25 meters. A third lower synusia or continuous canopy layer is
made up of several shade tolerant species and advance growth trees
attaining a height of between 5-10 meters.

According to historical records, it appears that the area was last
farmed approximately one hundred years ago (Tyson 1986). There is a
great deal of evidence of previous farming activity within the plot
including small bench terraces, artifacts and exotic fruit trees. Tyson
(1986) also estimates that sugar cane, a very demanding crop, was grown
in the area for somewhat less than one hundred years. Cattle were also
grazed in the area. Later analysis will attempt to ascertain the effects
of land-use practices on natural regeneration and stand development.

The plot 1is located on very steep slopes across a intermittent
stream bed with north and south facing aspect. The soil series |is
Cramer (CrF), which is the most common on the island. It is character-
ized as a well drained clay loam on moderately sloping to steep areas,
shallow and well-drained (Rivera et al. 1970). This series is of
volcanic origin with reaction values in the 6.1-7.3 pH range.

L'Esperance-Plot Two

L'Esperance Plot (see Appendix II for data) was initiated in 1985.
It is located in the central part of the island approximately 5 kilome-
ters from Cruz Bay. The plot is just off Centerline Road at an eleva-
tion of 195 meters and can be found by walking down Rte. 10 at
L'Esperance for approximately 1 kilometer and then walking up Fish Bay
stream for .5 kilometers in a northeasterly direction. It is a 50m x
100m rectangular, .5 hectare plot oriented in an east-west direction.

According to previous vegetation studies, Plot Two is also located
in moist forest. There are three main synusia, although the heights are
generally smaller than on Bordeaux. The authors estimate the stand to
be somewhat younger than Bordeaux, approximately 60-70 years old. The
area was also subjected to several decades of intensive agriculture as
evidenced by the presence of terracing. The L'Esperance area has
experienced a similar land-use history as Plot One.



The topography is moderately steep and the plot orientation again
allows for north/south aspects across the Fish Bay stream. The soil in
the L'Esperance area is of the same Cramer (CrF) series, but is thinner

and the evidence of past erosion is more pronounced.

Hawksnest-Plot Three

The third plot is located on the north shore of St. John in the
Hawksnest Bay area. It can be 1located by travelling along the
Northshore Road, approximately 5.0 kilometers from Cruz Bay. At the end
of greater Hawksnest Beach, the road makes a left turn and the plot can
be found 500 meters up the Hawksnest Stream bed, by walking in a
southeast direction. This plot is also .5 hectares measuring 50m x 100m
in a north-south orientation and 1is 1located at an elevation of 12
meters.

Ewel and Whitmore (1973) classified this area as subtropical moist
forest, differing from both Robertson (1957), who classified the area as
dry forest and Woodbury and Weaver (1987), who classified the area as
the upland version of the dry evergreen woodland. The area has two
basic canopy levels, 5-10 meters and 10-12 meters with occasional
emergents in the 15-20 meter range. Overall tree heights are generally
shorter in Plot Three when compared with Plots One and Two. The authors
estimated that this area was the last of the three plots to be aban-
doned. Tyson (1986) indicates that the area was subjected to plantation
cropping for nearly 200 years, and empirical observations indicate that
the area was heavily abused with a great deal more erosion when compared
to the other plots; there is virtually no topsoil left.

The plot 1is 1laid out in _an east-west orientation across the
Hawksnest stream bed. The soil survey (Rivera et al., 1970) indicates
that the plot is located on Cramer (CrE) series, also a gravelly clay
loam and somewhat less sloped topography. The east side of Plot Three
is moderately sloped with the west side located on a very steep area.

It is interesting to note that the NPS unfortunately decided to put
a large parking lot and reroute the road very close to the Hawksnest
plot which required a clearcut of the surrounding forest. The authors
plan to look into the possibility of conducting habitat restoration
studies in the parking lot area.

Plot Layout

Although there has been little consistency in the layout of quanti-
tative forest inventory studies (Campbell et al. 1986), it was
determined by study participants that one full hectare in a 100m x 100m
grid and two half hectare plots in a 50m x 50m grid, would be most
appropriate for this study. This approach will be evaluated after the
first reinventory work to determine its effectiveness. At each plot a
compass bearing was chosen and a baseline transect was established along
that bearing. This initial baseline was 100 meters and stakes were



Planted at 10 meter intervals along the baseline. A perpendicular
baseline was then established and a grid of subplots measuring 1l0m x 10m
were staked out and tied with survey line. Each subplot was assigned a
number, i.e. 1lA-10J in the Plot One, for a total of 100 subplots and
1A-5J3 in Plot Two and Plot Three, for a total of 50 subplots each. The
subplot demarcation facilitated spatial distribution measures and
relative frequency calculation for both species and families.

Data Collection

At each site all stems were measured and DBHs were recorded for all
trees measuring five centimeters or greater. The DBH was measured at
1.3 meters and this point was spray painted to allow for the accuracy of
future measurements. If a tree was branched below the DBH mark it was
Classified as a multiple stem (under STEM in data sheets with M=
multiple stem and S= straight bole), but was considered as one tree in
these initital computer generated stem maps.

Once the DBHs were calculated, the basal area (BA AREA in the data
sheets) of each tree was determined using the following equation:

2
Basal Area= .000078539816 x DBH

Once measured and recorded, each stem was tagged with an aluminum
numbered marker (TAG in data sheets) and identified. Species (SPECIES
in data sheets) were identified by using the nomenclature of Cronquist
(1968) and referenced with Little and Wadsworth (1964), Little et al.,
(1974), and Acevedo (1985). When questions arose, voucher specimens
were returned to the NYBG for specialist review. As can be seen from
the data sheets, all species have now been identified. The
representative family of each species are also given in the appendices
(FAM in the data sheets). The NYBG has established a St. John
collection within its herbarium and has recently initiated an entire

Flora of the island as a follow-up to this and the Woodbury and Weaver
studies.

The trees were then measured within each subplot (SPLT in the data
sheets) and assigned X-Y coordinates up to ten meters (X-Y in the data
sheets) using a metric tape and measuring to the nearest centimeter.
These data were left in relative terms (on a subplot level) to allow for
rapid 1locating by other workers once they are in the appropriate
subplot. Thus, it should be easy to find a particular stem for future
studies. Figures 2-4 present a computer generated plot of all stems in
each plot based on the X-Y coordinates.

The authors had originally planned to collect data on the heights
(HGT in the data sheets) of all recorded stems. This information is
needed to determine the vertical stratification in the stands of the



Computer Generated Stem Map for Plot One from X-Y Coordinates.

FIGURE 2.
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Computer Generated Stem Map for Plot Two from X-Y Coordinates.

FIGURE 3.
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