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Abstract
This technical assessment for the Re-greening project explores environmental resilience on
the island of St. Maarten, as the island is not resilient to disaster events such as hurricanes,
at this present time. St. Maarten experienced a major hurricane in 2017 that devasted the
island, its environment and nature. The island’s environmental resilience has been lost
during the provisioning of space for housing and development but is essential as it
strengthens the ability of an ecosystem’s reaction to future disasters. The Re-greening
project is vital for St. Maarten as deforestation leads to the island having less resilience for
hurricanes and other disasters. To improve ecological resilience on St. Maarten, the Regreening project of the Netherlands Red Cross in collaboration with the Nature Foundation
St. Maarten was developed. The ultimate goal of the Re-greening project is to restore and
build environmental resilience amongst communities on St. Maarten, focusing on tree
planting and the establishment of diverse plant covers. A technical assessment was
conducted for the implementation of the Re-greening Project to evaluate seventeen
communities, eight of which were “DRR Targeted communities” provided by the Rode
Kruis’s DRR Project Proposal, suitable for tree planting. Google Earth images of communities
were analyzed, each community was visited physically, and photos and measurements were
taken. Species richness and factors influencing community structure were measured during
the community visits, which provided an indication for possible vegetative restoration in
each community, focusing on restoration of sidewalks and roundabouts. Soil samples
obtained through analysis were either clay soil, loamy soil, peaty soil, silty soil, or sandy soil.
Cole Bay contains the best soil quality to plant, loamy soil, which allows the community to
have better planting and growing conditions; this is why the Cole Bay community is
recommended for tree planting. Monkey Tamarind is the recommended best species to
plant, especially since it is native. The results indicate that there are twelve communities
found to be most suitable for implementation of the project. The twelve recommended
communities include; Madame Estate, Philipsburg, Over the pond, Cole Bay, Bush Road,
Dutch Quarter, Pelican Key, Saunders, Cay Bay, Vineyard, Indigo Bay hilltop and Little Bay.
These communities were recommended based on space availability and the need for
resilience.
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1. Introduction
The devastating Hurricane Irma rampaged through the island of St. Maarten on the 6 th of
September 2017. Irma caused great destruction to the infrastructure but also to the
environment, nature and ecology of St. Maarten. Numerous floods, soil planation and
damage to vegetative and natural habitats were recorded after the hurricane devastated
the island. According to research done by the Red Cross, the effects created by disaster
events, such as hurricanes, causes more people to be dislodged from their homes than by
war (Yeo, 2014). Also, on St. Maarten, the strength of Hurricane Irma left many people in
critical condition, without a home, food, or basic utilities.
Scientists at the National Hurricane Center found that storm intensity has been unceasingly
increasing since the start of the 20th century, peaking most after year 2004 (Levitt &
Kommenda. 2018). Data from the Earth System Research Laboratory shows that hurricanes
are getting stronger and lasting longer than ever before, with 16 above normal hurricane
seasons within the past 24 years (Levitt & Kommenda, 2018). Scientists suspect that the
increase in hurricanes are occurring due to severe climate change (Levitt & Kommenda,
2018). It is important to keep in mind that human intervention can either increase or
decrease the severity of impacts that disasters, such as hurricanes, have on the island. In
general, research shows the increasing severity of such disasters as most common for both
St. Maarten and the rest of the world. For instance, pollution, deforestation, and general
human activities that have all aided in climate change, which started since the Industrial
Revolution was born (Kaiser-Bunbury et al. 2017). Disturbances, whether human-induced or
natural, shapes nature by influencing the composition, structure and functional processes
(Dale et al. 2001). Some disturbances such as hurricanes and pollution can cause large-scale
tree mortality, while other events like deforestation and fires affect community structures
and functions but result in lower tree mortality rates (Dale et al. 2001). As a result of the
damages caused to nature by hurricane Irma on St. Maarten, restoration of natural habitats
is needed to protect our livelihood and create resilience that can withstand future disaster
events.
Currently, St. Maarten is not resilient as we lost massive amounts of vegetation, organic soil,
biodiversity, and natural resources, all of which play an important role in building and
maintaining resilience, especially resilience against hurricanes. Resilience describes the
competence of a system to recover from a disaster and maintain its natural functionality
(Levin, 2015). Building environmental resilience is important because it strengthens the
capacity of an ecosystem’s response to disturbances (CSU Channel Islands). With this
strength the ecosystem can resist damage, recover quickly, and reorganize while
experiencing change so that the environment may function normally (CSU Channel Islands).
Ways in which ecological resilience can be build is by the establishment of diverse plant
covers (a relative area covered by an abundance of different plant species) and the
extraction of harmful materials from the environment. Plant covers is the most effective

~3~

way to control soil planation and regenerate degraded soil (Durán Zuazo, Rodríguez
Pleguezuelo. 2008).
In addition to what was lost during hurricane Irma on St. Maarten, the removal of the
natural vegetation is often applied to make space for housing and development, which in
turn decreases nature habitats on the island. This also causes a significant decrease in
environmental resilience and an increase in soil erosion, as vegetation loss due to
development is often not compensated. Erosion inflicts serious damage to the ecosystem,
as it reduces the water-holding capacity, soil organic matter, microbes, and causes nutrients
and important soil biota to be transported into drainages, ponds, and seas (Durán Zuazo,
Rodríguez Pleguezuelo. 2008). Eroded soil is often washed down the hills as run-off during
heavy rainfalls and hurricane conditions. This run-off ends up in drainages, blocking the
water flow which creates higher risk of flooding in communities since the water has
nowhere to go. Coral reefs, coastal fisheries, and marine life in general are affected by
erosion, as the soil particles become sediment, affecting species and their habitats (Junjie et
al. 2014). The increased sediment particles cover coral reefs and stifles fish eggs causing
significant death among species (Junjie et al. 2014). Coral reefs are of great importance,
without reefs the first line of defence against ocean currents, storm surges, and swells are
removed. This sort of natural defence is a clear example of an ecosystem’s ability to protect
itself and humans against natural hazards and disasters.
In order to improve the resilience against disaster events such as Hurricanes, which are
likely to increase in the future on St. Maarten, the Re-greening project of the Netherlands
Red Cross in collaboration with the Nature Foundation St. Maarten was developed. The goal
of the Re-greening project is to restore and build environmental resilience among
communities on St. Maarten. The focus of this project includes tree planting and the
improvement of extant trees and their habitats. Tree planting is the focus because trees
reduce the effects of flooding by absorbing water through the soil and diminishing run-off,
which in turn lessens erosion and pollution in waterways. Trees also filter out air pollution,
regulate the climate, provide shade, food, and wildlife habitats. The Re-greening project is
vital for St. Maarten as deforestation leads to the island having less resilience for hurricanes
and other disasters, therefore, the objective is to create a more environmental St. Maarten
that will be better adapted to withstand future hazards and disasters.
The technical assessment aids in understanding the communities’ present conditions
through ecosystem patterns and functions (Jensen et al. 1970). This technical assessment
provides the foundation for proposed future environmental additions to the communities
and is critical for implementing regulations for ecosystem management. On St. Maarten,
there is a high possibility of detrimental ecological effects that may arise as a product of
exposure to chemical and physical stressors like caustics, acids, solvents, temperature or
pollution, especially since we are tropical and prone to hurricane receival. Therefore, this
technical assessment is necessary, so that it may reveal such stressors for future mitigation.
Flora and community structure within the communities are being evaluated throughout this
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assessment, along with tree and shrub species richness and diversity, factors that influence
the community structure (both abiotic and biotic), plant species dominance, presence of
diseases in plants, and their living conditions. All to determine the most suitable
communities and locations for implementing the project, to locate plant species that are
best to plant, and to enrich the vegetation by tree planting.
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2. Methods
Eight “DRR Targeted communities” were provided by the Netherlands Red Cross’s DRR
Project Proposal. These communities included the following areas: Cay Bay, Philipsburg,
Vineyard, Pond Island, Over the Pond, Sucker Garden, Dutch Quarter, and Simpson Bay.
Additionally, nine other areas (Bush Road, Cole Bay, Little Bay, Pelican Key, Madame Estate,
Mullet Bay, Maho, Cupecoy, and Saunders) were taken into consideration for this project.
These targeted communities were analyzed for space availability via Google Earth, aerial
overviews were taken of the seventeen communities. Analyses were done via inspection of
Google Earth images in each location. These images were thoroughly examined for viable
space that could be marked as potential planting sites for trees in the Regreening project.
After examining the communities on its large scale, questions like “What kind of plants
thrive in these areas?” “What influences or affects growth?” “If the soil needs enriching,
how can this be achieved?” played a big role in this project’s success.
Based on the Google Earth image analysed results, the selected communities were visited
physically whereby pictures and measurements were taken at an eye-level angle from
various directions. Different factors that might occur during natural phenomena, such as
flood rate, drainage system flow, the topography of the area, and the level at which
restoration is required was taken into consideration during the field visits.
With the help of Mr. Yokoyama, Naturalist and owner of St. Martin’s Amuseum Naturalis,
the assessment was established by using a scale system that consisted of using three
categories (rare, present, and common; rare being 1-2 of an observed species, present being
3-4 of an observed species, and common being 5 or more of an observed species) to show
species abundance. This system was then incorporated into the data sheet under the title
species richness and diversity, an example of the data sheet to evaluate the seventeen
analyzed communities is shown in Appendix Figure 1a and 1b. Each table in the data sheet
was filled out by observing the environment for each community. Soil samples were taken
from each of the suggested locations to be analyzed. Soil analysis was done through a
watering and drying of soil process, monitoring soil texture. Analyzed samples were
recorded in a table, describing the soil quality (loamy, peaty, sandy, silty, and clay) found in
each community. All plant species observed were identified throughout these locations and
were recorded on the data sheet. Species were identified by existing knowledge and
through books provided by Ms. Ildiko Gilders, Nature Policy advisor at the VROMIgovernment Department St. Maarten. Dominant plant species per community were
determined visually as it was prominent, but it was also obtainable through previous data
collected in the species richness section of the assessment. Presence of disease was
recorded by noting down anything that looked off about a tree or plant and could be caused
by a disease. The best communities for tree planting were selected during the physical visits,
based on space availability, gutter and clogged drainage systems that may result in water
overflow, flood frequency, location (flat or hilly), and restoration needs. The best suitable

~6~

communities found for tree planting were labelled as “Selected communities for Regreening.”
The results were analyzed by the sorting of data collected from the technical assessment
into three simplified tables, which were inserted into the assessment report. Image results
were sorted based on whether the community was selected to be suitable for tree planting,
they were later inserted into the assessment report.
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3. Results
The results include the Google Earth images that were analyzed for space availability,
photos that were taken of the different communities, and tables that summarize data
collected in the field from each community.
3.1.

Space availability within communities based on Google Earth Images

The Google Earth images taken from each community show the availability of space in the
area for the planting of trees and also show the need for re-greening that particular area.
Image 1 shows the first community, the area of Bush Road, a large burial ground is seen on
the left of the roundabout. The buildings across from the Carrefour Supermarket includes
the Windward Island Bank, Meadowlands, KFC, and Cost U Less. Space for tree planting
could include the roundabout, as shown on the image not much trees are located in this
area, especially in the areas tree planting is needed.

Image 1. Google Earth image of Bush Road; the circled area shows the roundabout that is in
between the Carrefour Supermarket and L.B. Scott road.
Image 2 shows the community of Over the pond, the Fresh Pond is to the left and the Great
Salt Pond is located to the right of the roundabout. Above the roundabout, in the developed
area, residential homes are seen. Above the small section of the Great Salt Pond, there is a
G.E.B.E. site, G.E.B.E. is a utilities company. Space availability for tree planting is shown on
the roundabout and along the roadsides, this area also shows the need of re-greening as
sand and loose dust are clearly shown on the image.
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Image 2. Google Earth aerial view of Over the Pond; the circled area shows the roundabout
linking Illidge road and Madame estate.
Image 3 displays the Saunders community; it is a neighbourhood near St. Peters. The
Methodist Agogic Center Rev. John. A. Gumbs Campus primary school is located to the
center of the image. Around the school there are only homes, and the greenery seen
throughout the neighbourhood is all privately owned land. Space availability for tree
planting is shown by the empty spaces around the schoolyard, it is clear that re-greening is
needed in this area considering all the loose dust and lack of greenery within the
schoolyard. Potential areas for re-greening all sit on an incline as the school is stationed in
the middle of a hill.

Image 3. Google Earth aerial view of the Saunders community; circled is the Methodist
Agogic Center (M.A.C.) primary school Reverend John A. Gumbs Campus.
Image 4 shows the Cay Bay area; this area is in collaboration with the Seaside Nature Park,
as the owners are allowing the project to plant trees on their property. The park is located
after the G.E.B.E. water plant seen to the right of the image, into a side road coming from
the Cole Bay community. To the top of the image, the developed area consists of homes and

~9~

businesses. Majority of the greenery seen to the left side of the image belongs to the
Seaside Nature Park’s excursion trail, hence the small sandy roads in between the grassland.
Space availability is incalculable here, it may be possible for many large trees to be planted
throughout the park. This area is in need of re-greening as there is not much large trees
present, this may be due to plant survivability in the park’s coastal location.

Image 4. Google Earth aerial view of the Cay bay area; circled is a portion of the Seaside
Nature Park located after the G.E.B.E. water plant.
Image 5 depicts the Vineyard area; this land plot is located in a portion of Philipsburg, since
Philipsburg is quite large. It is seen in the image as the grassy field to the bottom of the
image. Included in this image is the head of town shown by the long straight road. The
greenery seen to the far right is the top of a hill, hence why it is undeveloped. The building
with the blue roof right below the hill top is the Obersi building, architecture to the left of
the Obersi building are all homes. Buildings seen on the opposite side of the Obersi building
are a combination of businesses, that area consists of very little greenery and space to plant.
To the top of this image, past the roundabout is the sidelines of the Great Salt Pond. Though
there are small areas of greenery, there are very little trees present as the area is mostly
grassland, this clearly shows the need for re-greening. Available space for tree planting may
be possible on the roadsides and in the Vineyard’s grassy field.
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Image 5. Google Earth aerial view of Vineyard in Philipsburg; circled is the Vineyard’s grassy
field.
Image 6 displays the Madame Estate community; in the center of the community is the Cost
Pro Supermarket. Behind this complex is a neighbourhood and to the right of the
supermarket is a mixture of various businesses. The browned grass seen to the left is
privately owned land that is on a hill. The greenery seen to the top right and left corners of
the image are hills, the hill to left side is privately owned land. Re-greening is needed in this
community because the area is overdeveloped which leaves seldom space for trees to grow.
As shown in the image, most of the community has been poured with asphalt or concrete.
Space for tree planting could include the roadside and grassy traffic islands found in the Cost
Pro Supermarket’s complex.

Image 6. Google Earth aerial view of Madame Estate; circled is the area of focus which is in
the complex of the Cost Pro Supermarket.

~ 11 ~

Image 7 depicts the Pelican Key community; this plot of land is located behind the Simpson
Bay Resort, it is all connected by one road, this being the very top of that road. To the right
of the image, businesses in Simpson Bay can be seen, and homes and villas can be seen to
the left of the image. The ring to the top of the hill depicts a part of the G.E.B.E. tower.
Space availability in this area is unlimited as nothing but the G.E.B.E. tower is present.
Vegetation recovery seems to be stuck in its first stage causing vegetation growth to be
extremely low, driving re-greening to be a necessity.

Image 7. Google Earth aerial view of Pelican Key; this plot is located behind the Simpson Bay
Resort, all connected by one long road.
Image 8 shows the Little Bay community; this area also known as Link One, has greenery
seen to the left of the Little Bay Pond which is a concentration of diverse trees. The right
side of the Pond consists of a development of homes with private grasslands, to the left of
the pond shows undeveloped land. At the very top of the image, there is a roundabout that
connects to the Learning Unlimited schoolyard and the St. Maarten Medical Center. The
buildings to the top of the images represents businesses such as dentist offices, eye
specialists, and law firms. Space availability for tree planting is shown on the roundabout
and roadsides. There are not many trees present beyond the roundabout which indicates
that re-greening is needed in this community.
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Image 8. Google Earth aerial view of the Little Bay community; the circled area shows the
roundabout linking Little Bay to the St. Maarten Medical Center.
Image 9 displays a portion of the Philipsburg community as it is large; to the top of the
image sits the Great Salt Pond. The long road in front of the Great Salt Pond is known as the
Pond-fill. Developments opposite the Great Salt Pond includes a multitude of businesses
and homes closely joined together. The blue waters below the development is a beach that
has absolutely no trees near. Re-greening is needed as there is little greenery in this
community, seen between developments. Possible space availability for tree planting is
shown on the roadside in front of the Great Salt Pond.

Image 9. Google Earth aerial view of a portion of Philipsburg as it is large; the marked area is
the Pond-fill that stretches many meters long.
Images 10 shows the Dutch Quarter community; to the left of the roundabout there is a
Mac Donald’s and a gas station, above the roundabout is the road leading to the French side
of the island. This roundabout connects Belvedere, Dutch Quarter, and Bishop Hill. The
buildings to the right of the roundabout are all homes and the landmass seen to the left
most top corner is privately owned land. As seen in the image, there are barely any trees
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present which shows that re-greening is needed in this community. Space for tree planting
may potentially be the roundabout, since it might be the only space available due to lack of
complete roadsides. All homes are built directly on the roadside.

Image 10. Google Earth aerial view of the Dutch Quarter community; circled is the
roundabout linking Belvedere, Dutch Quarter, and Bishop Hill.
Image 11 illustrates the Indigo Bay area; to the bottom right corner of the image, there are
two water tanks placed by G.E.B.E. To the top of the image, lies villas and condos inside of
Indigo Bay. The greenery represents a dense concentration of trees on a hill. The
roundabout links Cole Bay, Cay Bay, Cay Hill and Little Bay. Although this area has an
abundance of trees on the hills, it lessens once it is closer to the roadsides. Possible space
for tree planting could be the roundabout and roadsides, as shown on the image loose dust
occupies those areas.

Image 11. Google Earth aerial view of the Indigo Bay area; circled is the roundabout that
connects Cole Bay, Cay Bay, Cay Hill and Little Bay.
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Image 12 illustrates the Cole Bay community; this area shows the roundabout and entrance
to the Causeway bridge on the left of the roundabout. The yellow line indicates the border
that separates the Dutch side from the French side of the island. Adjacent the roundabout is
a gas station. The greenery seen are dense concentrations of trees, and the dirt trail to the
right of the roundabout is a hiking trail. The building to the bottom of the image with the
red roof is a part of Princess Port de Plaisance which is all privately owned land. There is
little abundance of trees near the roadsides due to the gas station and trail developments.
Space availability for tree planting could include the roundabout and available roadside.

Image 12. Google Earth aerial view of the Cole Bay community; seen is the roundabout
linking Cole Bay to the Causeway Bridge, and the French Border.
In several communities less space was available for tree planting based on the Google Earth
aerial views, below images of these communities are shown and the reasoning as to why
these communities have no space available for re-greening is explained.
Image 13 shows the Mullet Bay community; this area shows the Mullet Bay Pond, the
Hotels, and homes that are developed on the land’s end after the beach. A little peak of the
Mullet Bay beach can be seen towards the far left of the Mullet Bay Pond. The pond starts
from the light brown region and moves forward to the front of the murky pond water. The
green patches of land are privately owned to “The Towers Hotel.” The developed region just
in front of the Mullet Bay Pond depicts the Princess Juliana International airport, which has
no greenery to allow planes to land safely. The space in this community is deemed to be
unavailable as the land is privately owned, occupied by a hotel, or surrounded by a body of
water. Re-greening would be necessary here, but the lack of space terminates the option.
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Image 13. Google Earth aerial view of Mullet Bay; seen is the Mullet Bay Pond, beach area,
and hotel land.
Image 14 illustrates the Cupecoy community; observing this image from left to right, the
area shows the development of hotels, private land that has not yet been built on, the C.I.A.
school, the American University of the Caribbean, homes, and other businesses. To the far
right a piece of the Mullet Bay community can be seen. To the far left of the image lies a
beach. Seeing how developed this area is, re-greening would be beneficial to this
community, but space availability seems non-existent. Space is either privately owned or
completely occupied by a business or hotel.

Image 14. Google Earth aerial view of Cupecoy; the area shows hotel, business, and home
developments along with a full view of a beach.
Image 15 shows the Maho area; this area is completely developed with little to no greenery.
The greenery that is seen in the picture in between buildings are trees and flowering plants
that were planted ornamentally. The yellow line seen in this image separates Maho from
Mullet Bay; a road separates these areas, but the road cannot be seen from so far. The blue
line separates Maho from Beacon Hill, as observed, the Maho community is very specific in
its location. Observing from the far left to right (from inside the blue line to the yellow line),
a hotel can be seen on the very left end, then there’s the Sunset Beach Bar near the Maho
beach which is seen by the shore line and clear waters behind the airport stretch. Apart
from the airport stretch, there are pharmacies, spas, and other businesses. To the top right
most corner of the image, before the yellow line shows the Sonesta Maho resort. Tracing
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downward from the hotel into the more concentrated areas, shows all the different
businesses on the Maho strip. The brown areas are loose sand blown onto the pavements.
Though this area may be in need of re-greening, over development leaves no space to do so.

Image 15. Google Earth aerial view of Maho; this area is completely developed with hotels
and general businesses.
Image 16 displays the Sucker Garden community; the area shows a developed community
that contains multiple patches of greenery. As examined, the greenery consists of tall and
short trees present in abundance. The largest patch of greenery to the right of the image is a
hilltop which is why no houses or buildings are there. Architecture in this community is
mostly homes but there are a few businesses included. Re-greening was deemed not
necessary in this community because it seems to be recovering well as vegetation naturally
flourishes. Also, developments might not allow for any more significant trees to be planted.

Image 16. Google Earth aerial view of the Sucker Garden community; homes and businesses
are seen within this community.
Image 17 depicts Simpson Bay; this area is completed developed with nearly no greenery or
space for greenery. Re-greening might definitely be beneficial to this community but there is
absolutely no space for such activities. To the front of this image there is the Simpson Bay
Beach, that is light blue in color, and to the left sits the Princess Juliana International airport.
Behind the land mass there is green murky water, that is the Simpson Bay Lagoon, hence
why boats can be seen to the very right of the Lagoon. Simpson Bay is a build-up of homes,
businesses, a beach, hotels, and the Lagoon. Re-greening would be ideal as Simpson Bay is a
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very flat area that can be flooded easily during storms from the water that surrounds the
land mass. Unfortunately, the community seems extremely over developed, as shown on
the image only paved areas can be seen.

Image 17. Google Earth aerial view of Simpson Bay; seen is the Simpson Bay beach, the
Lagoon, and an over development of homes and businesses.
Based on the Google Earth images, the communities, Mullet Bay, Simpson Bay, Sucker
Garden, Maho, and Cupecoy are not selected to be visited physically and have
measurements taken.
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3.2.

Confirmation of Space availability based on visual assessment

The results of the physical visits are shown for the twelve selected communities based on
the Google Earth images. For each community a few photos are shown to demonstrate
where spaces are available and where trees may be planted.
In frame 1 the community Madame Estate shows 6 locations were space is available for tree
planting, on each location there is space for about 2 medium trees or 5 smaller plants. In
this community there are multiple traffic islands and sidewalk spaces that are not being
used and are potential spots for planting trees. This area is located directly across from the
Cost Pro Supermarket.

Frame 1 depicts land capacity for tree planting in the Madame estate community. This
location can be referred to Google Earth Image 6.
In Frame 2, the Philipsburg community shows 11 locations where space is available for tree
planting. Possibly 5-10 medium trees can be planted on 7 of the larger locations shown
below and 1 medium tree or 3 smaller trees can be planted on 4 of the small space locations
shown within the frame. Many of these slots in Philipsburg are generally used for parking
since there are more stores than parking slots. Also seen is sidewalk space in front of the
Great Salt Pond and grassy traffic islands that can be potential planting grounds, the
buildings seen are all businesses. The frame with pictures is very busy, as Philipsburg is quite
large.
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Frame 2. These pictures depict land capacity for tree planting in the Philipsburg community.
This location can be referred to Image 9.
Frame 3 illustrates the Indigo Bay area where space for tree planting is available in 3
locations, on each location approximately 5 medium trees can be planted. The roundabout
and roadsides show space for tree planting as the greenery apart from the roundabout is all
roadside. The grass is cut low and all that is there are rocks surrounding the perimeter of the
roundabout and roadsides.
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Frame 3. These pictures show land capacity for tree planting to the top of Indigo Bay. This
location can be referred to Image 11.
In frame 4 the Cole Bay community shows 3 locations where space is available for tree
planting, on each location at least 7 medium trees can be planted. Seen in the frame is the
roadsides and roundabout space near the border and the Causeway Bridge. The first image
shows the land plot next to the hiking trail that is grassland. In the other two pictures the
building in the distance is a gas station. The roundabout already has a few small trees
planted but not enough to create immense change.
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Frame 4. These pictures depict land capacity for tree planting in the Cole Bay community.
This location can be referred to Image 12.
Frame 5 shows 1 location in the Bush Road community that can be planted on.
Approximately 4 medium trees and 10 small plants can be planted on this location. This
community is mostly concrete, so the green roundabout is seen as one of the only green
areas within the area. Seen in the image is also the Texaco gas station which is next to the
Windward Island Bank opposite the Carrefour Supermarket. The hills seen in the distance
belong to St. Peters, Mary Fancy, and Saunders hills.

Frame 5. This picture shows land capacity for tree planting in the Bush road community.
This location can be referred to Image 1.
In frame 6 the Over the pond community shows 2 locations trees can be planted on, about 5
medium trees and 4 small trees can be planted on the first location and 20 small trees can
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be planted on the second location. This community is well-developed, the image to the right
show buildings, concrete sidewalks, and the roundabout. The pond and the roadside is seen
in the left image.

Frame 6. These pictures depict land capacity for tree planting in the Over the pond
community. This location can be referred to Image 2.
Frame 7 shows 3 locations for tree planting, images of the first location have been taken 3
times at an eye-level angle in different directions and proximities. On each location,
approximately 3 medium trees and 10 small plants can be planted. The Dutch quarter
community shows a lack of sidewalk, and mostly privately-owned land near the road.
However, there is the roundabout that has plenty of space to carry-out tree planting. There
are patches of grass land within the roundabout consisting of statues, there is also the
sidewalk in front of the gas station and the Mac Donald’s. The hills seen in the far distance
belongs to the French side.
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Frame 7. These pictures depict land capacity for tree planting in the Dutch Quarter
community. This location can be referred to Image 10 above.
In frame 8 the Little Bay community shows 5 locations where space for tree planting is
available, on each location about 5 medium trees and 10 small plants can be planted. In all
images, sidewalks are seen, in the second image the roundabout and the Learning Unlimited
schoolyard are also seen. A small portion of the Fire Department is seen in the last image on
the second row to the right of the road. To the bottom row, middle picture, part of the
Belair community is noticed.

Frame 8. These pictures show land capacity for tree planting in the Little Bay community.
This location can be referred to Image 8 above.
Frame 9 shows 4 images of 1 location at an eye-level angle in different directions. A
possibility of 20 medium trees and 15 small trees can be planted at this location. The images
show the beautiful ocean view below the top of this hill and the unlimited space available
for planting, as vegetation is growing quite low. In the very first image the G.E.B.E. tower
can be seen.
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Frame 9. These pictures depict land capacity for tree planting in the Pelican Key community.
This location can be referred to Image 7 above.
Frame 10 shows 1 location in the Cay Bay community. Approximately 25 medium trees and
30 small plants can be planted at this location. In this image there is a man-made pond, the
sea behind the pond, and excursion trail with space available for tree planting. Most trees
seen to the left of the pond are located around the horse trail and are all Jamaican Capers,
which is why they all look relatively the same.
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Frame 10. This picture depicts land capacity for tree planting in the Cay bay community. This
location can be referred to Image 4 above.
In frame 11 the Saunders community shows 2 locations for tree planting, where an image of
the first location was taken twice. Here, the garden is seen as most of it was destroyed by
hurricane Irma. The school built a mini greenhouse but outside of that is space that will not
be utilised by the school. This unutilised space can be used for tree planting. The image
below shows some side-line located in patches all around the schoolyard, it illustrates the
incline the school sits on.
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Frame 11. These pictures show land capacity for tree planting in the M.A.C. school,
Saunders community. This location can be referred to Image 3 above.
In frame 12 the Vineyard shows 1 location where there is space for potential tree planting.
Approximately 15 medium sized trees and 50 small plants can be planted at this location
due to it being one large open field. The historical Vineyard building is seen in this image
with large green trees around it. In the front of this historical building is a large field of lowcut grass with no trees planted there since before hurricane Irma. To the side of the
building, there sits a small pond that is prone to creating a marshy field when it overflows
during natural hazards and disasters. This image was taken since 2011 which is nine years
ago, a lot has changed since then, trees surrounding the building is no longer as present.

(Eskes, Jeroen, 2011)
Frame 12. This picture depicts the St. Maarten Vineyard. This location can be referred to
Image 5.

~ 27 ~

3.3.

Ecological Field measurements results

The results of the field measurements are shown for each of the selected twelve
communities. The data tables and graphs show all the data that have been collected during
the technical assessment and analyzed. Table 1 includes a majority of the plant species
occurring on the island, Table 2 shows off which plant species are found to be dominant in
each community, and Table 3 displays soil types and factors measured which can influence
each community.
In Table 1 the results of species presence, abundance, and richness per communities are
shown. In this table, it can be seen that the Philipsburg community has the overall highest
species richness and species presence, as 15 plant species were found. The Bush Road
community shows extremely low species richness, as only 3 plant species were found. Saw
grass and Monkey Tamarind displays high species abundance as they are found to be most
common (XC) throughout multiple communities.
Based on species abundance and species richness results in Table 1, the plant species with
the highest survivability is seen and can be useful for choosing which species is better to
plant in the future. Higher species abundance equals higher survivability, species of high
survivability include Senna bicapularis occurring 8 times and Cladium occurring 11 times
throughout communities.
Table 1 shows the plant species seen in each community, its abundance per location, its
origin and the growth forms. XC illustrates that a species is common with 5+ individuals, XP
represents species that are categorized as present with 3-4 individuals, and XR represents
species that were rare with 1-2 individuals in each location. Orange cells show plant species
that were not found in the correlating communities.
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The results of the recorded dominant species and if diseases are present are shown for each
community in Table 2. Dominance is observed through the plant species abundance per
community. No diseases were recorded in any community. In general, the most dominant
species were mangroves which were found to be dominant in 4 of the 12 communities,
namely Over the pond, Philipsburg, Cole Bay and Little Bay. The other communities were
recorded to have the following dominant species: Asclepias curassavica in Dutch Quarter,
Queen Palms in Madame Estate, Monkey Tamarind in Indigo Bay, Allamanda in Bush Road,
Jamaican Caper in Cay Bay, Coralita in Vineyard, Dutch casha in Pelican Key, and Mango in
Saunders.
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Table 2 shows the data collected on dominant species and whether diseases were present
within each community.

Abiotic and biotic factors which were observed to influence each plant community structure
are shown in Table 3. The results show that in all communities, fungi, bacteria and invasive
plants are having no influence on community structure. Table 3 also shows the soil type that
is located in each community, soil quality affects the community structure in all locations.
Water is shown to affect 5 locations, namely Over the pond, Philipsburg, Little Bay, Saunders,
and Cay Bay. Direct sunlight affects all communities except Saunders, as it is shaded by the
school. Wind affects 6 communities such as Madame Estate, Indigo Bay, Bush Road, Little Bay,
Pelican Key, and Cay Bay. The heat from high temperature climate affects all communities
except Over the Pond, Dutch Quarter, and Cay Bay. Low temperature climate only affects 3
locations which include Over the Pond, Dutch Quarter, and Cay Bay. Pollution affects
community structure in 7 locations, namely Over the Pond, Dutch Quarter, Maadame Estate,
Philipsburg, Indigo Bay, Little Bay, and Pelican Key. Animal interuption affects all communities
except Bush Road, Pelican Key, and Vineyard; the animals found in these areas are to small
and minimal to affect the community’s structure. Based on the field measurements, the
community with the least observed factors affecting community structure would be the
Vineyard community, Saunders community, Bush Road roundabout, and Cole Bay
roundabout.
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Table 3 shows the data collected on abiotic and biotic factors which influence community
structure. (X) represents each factor that does have an influence on the community and (−)
represents each factor that does not affect communtiy structure for each visited community.

The results of the soil quality are shown in Figure 1, which highlights the types of soils
available on St. Maarten. Peaty soil is found in 5 locations, Dutch Quarter, Madame Estate,
Bush Road, Little Bay, and Pelican Key. This shows that it may be the most available soil on
the island. Sandy soil is the second most popular soil quality throughout the communities as
it is found in 4 locations, Vineyard, Cay Bay, Indigo bay, and Philipsburg. Clay soil is found in 2
locations, namely Over the pond and Saunders. Loamy soil is found in 1 location, Cole Bay.
Silty soil is not found in any of the evaluated locations, indicating that it may be the least
available soil on the island. This graph can be referred to Table 3.
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Figure 1. This graph shows the total amount of locations that each soil quality is present in.
On the y-axis the number of locations is shown, and the x-axis shows the soil quality, the
types of soils categories, clay, loamy, peaty, sandy and silty soil. Each bar shows the amount
of locations recorded with each soil quality in exact numbers.

The results of the total plant abundance and richness recorded in all communities is shown
in Figure 2. Cladium, which is a common grass grown throughout the entire island, but it is
not completely structural which may not be effective for hurricane resilience. The plant
species Senna bicapularis is the most structural (not a simple grass and has larger roots)
plant occurring in 8 of the evaluated locations. The two species were seen frequently as one
or two of the species was observed throughout different locations. There are 15 plant
species which occur only once on a location, these species include Senna alata, Senna
occidentalis, Pterolepis glomerata, Abutilon indicum, Musa acuminata, Delonix regia,
Begonia hirtella, Ixora coccinea, Amsonia tabernaemontana, Allamanda blanchetti,
Allamanda violacea, Clusia minor, Bougainvillea glabra, Quadrella cynophallophora, and
Zephyranthes treatiae. These could have been planted ornamentally which would label
them as least fit to plant. There were 2 species that occurred 5 times, 1 species that
occurred 4 times, 3 species that occurred 3 times, and 15 species occurring 2 times. There
were no species occurring 4,7,9, and 10 times. Species occurred at random within
communities with no observed pattern.
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Pilosocereus royeni
Senna bicapsularis
Senna alata
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Figure 2. This graph plots the total species richness and abundance of different plant species
observed in all the visited communities. Figure 2 can be referred to Table 1. On the y-axis,
the plant species quantity is shown which includes the number that signifies how much of a
particular plant species was found throughout all locations. The x-axis shows the different
plant species that were observed during the data collection combined on all locations.

4. DISCUSSION
This technical assessment investigates and discusses the communities on St. Maarten that
would be most suitable to carry out the Re-greening project. Communities that were not
listed on the DRR’s Targeted List were added because these communities showed a need for
re-greening restoration based on the Google Earth assessment. The communities; Sucker
Garden, Simpson Bay, Mullet Bay, Maho, and Cupecoy were not visited for field pictures and
measurements because the results show no space availability to be present. These
communities are thought to be not suitable for this tree planting project, as these
communities displayed over-development as there is little space allotted for planting. On St.
Maarten not much space is available for tree planting since the majority of land on the
island is already privately-owned. Since space is limited and a greater portion of flooding on
the island congregates on or around roadsides, this technical assessment focused on
vegetative restoration based around sidewalks, roundabouts, and possibly beaches. Plants
nearby roadsides will be able to absorb water and trap soil which in-turn will reduce the
possibility for drainage systems to become congested and eventually blocked. In this
fashion, water may be highly utilized by plant consumption in hopes to mitigate flooding on
roadways.
Re-greening is always beneficial to an area; however, the project’s focus is on areas that
need an increase in environmental resilience. The Google Earth analysis and physical visits
show communities which have space available for re-greening, they included Madame
Estate, Philipsburg, Over the pond, Cole Bay, Bush Road, Dutch Quarter, Pelican Key,
Saunders, Cay Bay, Vineyard, Indigo Bay Hill top, and Little Bay. These communities were
suggested because space availability for planting was present along with the need for reestablishing environmentally resilient communities. Based on the results, the Philipsburg
community is most species rich containing the highest abundance of different plant species,
whilst Bush Road is the least species rich community. This shows that many different plants
can be grown in the Philipsburg community as its richness is particularly high, this can be
due to the fact that Philipsburg is quite a large community.
The objective of the assessment was to locate space available for tree planting and to locate
present vegetation successfully growing in each community which means that analysis had
to be carried out by examining each community thoroughly. Google Earth was used in order
to examine the full scale from a more general perspective for communities on St. Maarten.
If locations were to be scouted for space availability physically via the naked eye, results
could show observation bias. Drone usage would have been a more efficient way of
conducting this project. The use of a drone to capture real-time aerial images of the
communities would have been better in obtaining more precise data. The Google Earth
images were not of present day as images of the island is not updated often in the program.
Gaining access to a drone would have eliminated unwanted and unnecessary error in data
collection, this would have also removed the need for the physical community visits and
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extra photos taken during these visits. Results could have been displayed from one image of
each community, unfortunately a drone was not available for the project
The field measurements show the usefulness in determining species abundance, richness,
and presence for each community visited. The applied form of data collection was deemed
the best as it provided efficient yet reliable data. The results gained from this form of data
collection, aided in the analysis for identification of dominant species. Understanding which
species were dominant in the suggested communities played an important role as it may
show the plant species that is best fit to survive in the area. These plants include dominant
species such as Mangroves, Tropical milkweed, Queen Palms, Monkey Tamarind, Allamanda,
Jamaican Caper, Chinese Windmill palms Dutch casha, and Mango; along with other species
that were common, present, and thriving. The results obtained from the dominant species
shows the type of plants that are now growing within each community and yield high
survivability. Based on these results, the dominant plant species that occurred in the most
locations was the Mangroves, but they occurred most in the areas with large bodies of
water which means that if there isn’t a large body of water nearby this plant species would
not yield high survivability. As all the dominant plant species are surviving in different
locations right now, it is likely that they all will survive when planted but the best fit species
to plant would have to be Monkey Tamarind as it occurs once as a dominant species but as a
non-dominant species in seven other locations. Results in Figure 2 show that Monkey
Tamarind will yield high survivability in any location it is planted in, this is a bonus because
Monkey Tamarind is a native plant species. Aside from Cladium, Monkey Tamarind is the
largest plant species to occur in eight different locations, either being present or common.
In Figure 2, Cladium occurs in the most locations but it is only a simple grass, structurally it
would do nothing to aid in building environmental resilience.
Communities that receive more rainfall on average displays more healthy signs of life
(Huang & Zhang. 2015). Generally, in communities that were water deprived revealed
symptoms of dry soil and unhealthy signs of plant fauna. Moreover, the expression of arid
soil was present in windy environments, this ties into planting at different altitudes which
was described by Mark Yokoyama. Additionally, identification and recording plant species
found in communities provided vital information as it showed which plants were found to
thrive in which soil. Soil quality was not over-looked as more importantly all plants cannot
be grown in the same soil. For example, some species of plants may require soil soft for
deep root extension where on the contrary clay soil hinders such root extensions. Soil
samples were either clay soil, loamy soil, peaty soil, silty soil, or sandy soil. Clay soil gets
lumpy and sticky when wet and rock hard when dried; it has few air spaces and is meagre at
draining. (Barton, Ruth. 2013). Loamy soil is one of the best soils to plant in, structurally it is
an even mixture of clay, sand, and silt soil (Barton, Ruth. 2013). Loamy soil can retain its
moisture, it is full of nutrients, and drains well (Barton, Ruth. 2013). Peaty soil is darker in
color, it also feels spongy when wet due to high peat content (Barton, Ruth. 2013). It holds
less nutrients due to its acidic composition that slows down decomposition; peat soil retains
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a lot of moisture but requires physical drainage systems to be in set in place (Barton, Ruth.
2013). Silty soil was not found in any of the suggested communities, but it retains moisture
and is high in nutrients (Barton, Ruth. 2013). Sandy soil dries out the quickest which means
that it drains easily, it has a grainy texture and holds few nutrients (Barton, Ruth. 2013). This
soil easily acts as runoff when wet. Communities with sandy, clay, and peaty soil will have to
be altered for a better chance at plant survival. Since loamy soil may be the best type of soil
to plant in, Cole Bay could be a good community for tree planting. The community structure
results show that Cole Bay only has 3 factors affecting the community’s structure including
the loamy soil for planting. Plant survivability is expected to be high, greatly because of the
soil and its low involvement in factors influencing the community structure. If all factors that
affect community structure were present, plant growth would still be mainly determined by
the quality of the soil, which is why the Cole Bay community is recommended for tree
planting (Barton, Ruth. 2013). The other communities are also ideal for planting, but they do
not offer the best planting conditions.
Alternatively, direct sunlight may have detrimental effects for some plants as they cannot
survive under such extreme conditions and were found to co-habitat in shaded regions (Liu
& Last. 2017). In one study, plants were found to have lost important chloroplast proteins
called the thylakoid lumen protein (Liu & Last. 2017). As for pollution, this can create toxic
environments that are detrimental, in which trees can intake as they do with nutrients,
succumbing to death as a result (Levin, Simon. 2015). The data shows that abiotic factors
affect the structure of the community more than biotic factors do. Based on the results
direct sunlight affects community structure more than other abiotic factors as it was present
in every community except Saunders. The Saunders community is sheltered by the buildings
and larger trees which means that plants grown here would be less likely to lose their
thylakoid lumen proteins and face detrimental effects from too much sunlight, therefore
Saunders is still suitable for tree planting.
Diseases were not exaggerated because the tree majority were doing fine. It was important
to keep in mind that animal to plant interaction can have a plant or tree looking infected
and unhealthy as if it had been infected by a disease (Mark Yokoyama). Animals feeding on
plants can have the leaves of these plants dried, spotty, and full of holes.
Some possible errors that could have come about might be from observing communities
solely with the naked eye, misidentification of plant species, or not being able to view all
plants present in each community due to densely packed hills.

~ 36 ~

5. Conclusion
It was concluded that the most suitable communities to plant in are Madame Estate,
Philipsburg, Over the pond, Cole Bay, Bush Road, Dutch Quarter, Pelican Key, Saunders, Cay
Bay, Vineyard, Indigo Bay Hill top, and Little Bay. Fungi, bacteria, and invasive plants posed
no visible threats to the community’s structure. Though the other communities such as
Saunders are also suitable for planting, the community that is best recommended to plant in
based on analyzed result is the Cole Bay community. Cole Bay contains the best soil quality
to plant in which is loamy soil, this allows the community to have better planting conditions.
Philipsburg is the most species rich community with the highest species abundance present.
The dominant plant species that occurs the most throughout the communities is the
Mangroves but Cladium and Monkey Tamarind occur most throughout locations whether
they were rare, present, common, or dominant in those locations. Due to plant structure,
based on the results of this research Monkey Tamarind is the recommended best species to
plant. Planting more trees on St. Maarten will aid in solving flooding problems, such as soil
runoff, soil erosion, and clogged drainage issues. Evidently, the restoration of vegetation will
assist in building environmental resilience since so much of the environment’s resilience was
lost during housing developments, deforestation, and after hurricane Irma.
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II. Appendix
Appendix Figure 1a

Appendix Figures 1a and 1b, shows the assessment data sheet used during the assessment
of each community.

Appendix Figure 1b
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Appendix Figure 2

DRR Targeted List
1. Philipsburg

2. Cay Bay

3. Over the Pond

4. Pond Island

5. Dutch Quarter

6. Sucker Garden

7. Vineyard

8. Simpson Bay

Appendix Figure 2 depicts the DRR’s Targeted List of communities provided by the Rode
Kruis’s DRR project.

Appendix Figure 3

Best Communities for Re-greening
Madame estate
Over the Pond
Cole Bay
Bush Road
Dutch Quarter
Pelican Key

Philipsburg
Saunders
Cay Bay
Vineyard
Indigo Bay Hill Top
Little Bay

Appendix Figure 3 depicts the twelve suggested communities resulted from the technical
assessment.
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