RESTORATION SITE MAINTENANCE BEST PRACTICES
The following guide summarizes the best practices for restoration site maintenance as learnt by
Environmental Protection in the Caribbean (EPIC) Foundation during the BEST 2.0 Project #1645
“Restoration of Key Biodiversity Areas of St. Maarten”. The tree saplings were planted during an
intensive planting period on January 22, 23 and 24, 2018. Since then, EPIC has monitored the
survivorship of the new plants and will continue to do so until May 15, 2018.

Watering & Monitoring
The water needs of different plants vary greatly and monitoring plant water status is paramount to
ensuring good survivorship. Some factors that affect water needs include the species and age of the
plant, the type of soil in which it is planted, and sun exposure. The signs of water stress may be similar
to the symptoms of over watering or even to some pest and disease problems. It is important to
identify the causes of the problem to take corrective steps. Staff need to understand signs of water
stress so that additional water can be added as needed.
Ideally, new plants should be monitored for the first six months to ensure survivorship. Table 1
summarizes how EPIC has monitored the plants from Week 1 to 17 (January 22 to May 15, 2018) and
how it is recommended to continue until Week 32 (August 31, 2018).
Week
Weeks 1 to 10:
(Jan 22 - Mar
30, 2018)
[by EPIC]

Monitoring
Water stress: Technicians monitored three times a week (Monday, Wednesday
and Friday). On these days they watered all trees but gave specific attention to
those trees showing signs of water stress. Weeds and invasive species were
removed as needed.
Growth and survivorship: Student Scientists monitored the plants once a week.

Weeks 11 to 17:
(Mar 31 - May
15, 2018)
[by EPIC]

Water stress: Technicians monitored the plants three times a week (Monday,
Wednesday and Friday) for signs of water. During this time, they also removed
weeds and invasive while they watered the trees. Technicians and EPIC staff
were responsible for monitoring growth and survivorship.

Weeks 17 to 32:
(May 16 - Aug
31, 2018)

Water stress: It is suggested that site staff monitor the trees for water stress at
least once a week. However, this would rely on weather conditions and should
be increased to two or three times a week if necessary.
Weeds and invasive species: Weeds and invasive species should not be allowed
to become predominant. They should be removed at least once a month during
the remainder of the six-month period, and then once every ~6 months until the
native trees are full enough to naturally inhibit invasive species growth.
Table 1: Recommended plant care regime from week 1 to 32.

It is found that most of the plants can survive with a continuous low level of water stress but will not
survive with a high level of water stress for a short period of time (i.e. it is better to water a little bit
on a consistent basis than to water adequately on an inconsistent basis). If a plant is in water stress,
they will likely recover when watered. Even plants that appear to be dead, having dropped all or
most of their leaves, might recover when watered. Scrape the outer layer of a twig or the bark to see

if a green layer exists indicating it is still alive. Do not remove this plant right away, wait a few
months to see if it recovers.
Some plant water stress (dehydration) symptoms include:
• Curling or rolling of leaves
• Shiny leaves become dull
• Slowed/no growth, undersized leaves
• Leaves, blossoms, or fruits drop prematurely
• Wilting, limp and droopy leaves (Figure 2)
• Leaf scorch, yellowing and/or browning, death of leaf edges
• Dead or brown/dying extremities starting from the outer leaves inward

Figure 1 and 2: Typically, water stress is observed as leaves becoming droopy and flaccid. On the left
is a buttonwood (Conocarpus erectus) before planting (Figure 1). On the right is one of the
buttonwoods after planting in an extreme state of water stress. The leaves are droopy, flaccid and
have begun to drop (Figure 2).
Mulching
To avoid water stress from dehydration, mulch can be added around the plant stem. Pine mulch
from local hardware stores has been proven sufficient. Take care to keep mulch away from stems.
Some of the benefits of mulch include: providing an insulation layer, conserve soil moisture, improve
soil’s physical structure, prevents erosion and water runoff, and reduces root competition. We found
that rocks can be used to ensure that mulch does not get blown away or removed while watering
(Figure 3).

Figure 3: Mulch is used to improve moisture retention at the Cay Bay restoration site. Rocks ensure
that mulch stays in place.

Nature Trail Maintenance
•

Trail Construction: In most cases, the native material found during trail construction will be
satisfactory for surfacing the trail. Therefore, to create and maintain a nature trail, clear the
area of plants, weeds and stumps. Many of the stumps along the trail at the Sentry Hill
restoration site were too laborsome for EPIC staff and volunteers to remove (Figure 4). These
should be removed to ensure hiker safety.

Figure 4: Stumps that were too laborsome for EPIC staff or volunteers to remove.
•

•

Clearing width: The width cleared for hikers to pass without obstruction by brush, grass,
weeds, etc. This width should be maintained by pruning limbs or branches that protrude into
the path. Four feet is the average standard trail width, some variation is allowed and
encouraged.
Clearing height: It is sometimes suggested to clear the path to a height of 8 feet. This may not
be feasible given materials and actual canopy height. Minimum cleared height should be 6
feet at the least.

•

Trail demarcation: Rocks or logs can be lined up along the trail to demarcate the path which
hikers can walk on (Figure 5). If the path is clearly marked then hikers are less likely to
“shortcut” or go off-trail, this will reduce the demand of trail maintenance because the
consistent tread will naturally prevent growth of weeds.

Figure 5: Rocks and logs clearly demarcate the path for hikers to walk on.

Invasive Control
Several highly invasive species are prevalent at the restoration sites. Although they were removed
during the project, it is likely that new invasive seeds will germinate, and stumps can regrow.
Therefore, it is necessary to maintain the site for invasive species until the native trees have created
a tree canopy dense enough to prohibit invasive growth. Until then, monitoring of the sites for invasive
species needs to be done regularly (~every six months minimum).
The prevalent invasive species include: Saw Grass/Guinea Grass (Panicum maximum) (Figure 6),
Jasmine (Jasminum flumense) (Figure 7), Wild Tamarind (Leucena leucocephala) (Figure 8) and Acacia
(Acacia farnesiana) (Figure 9). Each of these species are aggressive and will out compete local
vegetation and reduce diversity.

Figure 6: Invasive grass, Saw Grass/Guinea Grass (Panicum maximum).

Figure 7: Invasive vine, Jasmine (Jasminum flumense) (Photo by Dr. Ethan Freid).

Figure 8: Invasive Wild Tamarind (Leucena leucocephala) (Photo by Dr. Ethan Freid).
`

Figure 9: Acacia (Acacia farnesiana) (Photo by Dr. Ethan Freid).
For the Acacia (Acacia farnesiana) and Wild Tamarind (Leucena leucocephala), to fully ensure they do
not grow back the stumps need to be killed. This can be done through manual removal of the stump
or through the small application of Garlon© to the stump after cutting. During the project we used

Eraser© which is available at Greenfingers. If a small amount of Eraser© is mixed with vegetable oil,
it can be “brushed” over the freshly cut stump. It is not as powerful as Garlon©. An organic option is
to keep cutting the bark off the stumps as they regrow (Figure 11). Eventually they will be weakened,
die and decay into the soil. The size of the stump should give a good indication if manual or chemical
removal is warranted. Figure 10 shows a Wild Tamarind (Leucena leucocephala) that is “stump
sprouting”, this will continue until the plant has been killed.

Figure 10 and 11: On the left is a Wild Tamarind (Leucena leucocephala) that is stump sprouting. On
the right is a stump that has been “barked” to remove the stump sprouts and weaken the plant.
The root systems of Carolito (Antigonon leptopus) and Jasmine (Jasminum flumense) also need to be
killed or manually removed. For the Saw Grass (Panicum maximum) it can be removed with the root
system with a pic-axe and shovel. To reduce erosion in these areas the removed clumps of the grass
should be laid out on the ground. This will reduce water runoff. Sections of the path at the Sentry Hill
restoration site will become regrown with Carolito (Antigonon leptopus) if not fully removed (Figure
12).

Figure 12: Carolito (Antigonon leptopus) that will obstruct the path at the Sentry Hill restoration site
if not removed and maintained.

Livestock
Free roaming livestock can have a catastrophic impact on plant survivorship. While horses have been
found to have a mild but unobtrusive relationship with the new trees, goats have been found to
reduce (eat) plants to merely a few inches tall overnight. Some plants seem to be more appealing for
the goats - such as seagrapes, pigeon plums and silver buttonwood. Cages (Figure 13 and 14) can be
made to protect the plants but this method is costly. On average, one cage costs $10. Ideally the
impact of the goats should be reduced by caging in the restoration area or the goats, whichever
method is more effective.

Figure 13 and 14: On the left are cages made to protect newly planted seagrapes from free roaming
goats. On the right are new leaves growing with the removed pressure of the goats.
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