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Abstract: Hurricanes are major drivers of forest structure in the Caribbean. In 2017, Hurricane Maria
caused substantial damage to Puerto Rico’s forests. We utilized 360° photography to document forest
structure across 75 sites at Las Casas de la Selva, a sustainable forestry plantation in Patillas, Puerto
Rico seven years after Maria hit the property. We assessed forest recovery (vertical structure, canopy
closure, groundcover) by comparing the most impacted sites to light/moderately impacted sites. We
analyzed the effects of elevation, slope, and aspect, on damage rank, canopy closure, and vertical
forest structure. We analyzed 360° photos within a 3DVR headset to quantify vertical structure and
transformed them to hemispherical photos to quantify canopy closure and groundcover. We
computed Vertical Habitat Diversity Index (VHDI) from the amount of foliage in 4 strata: herbaceous,
shrub, understory, canopy. Canopy closure decreases with increasing elevation and remains lower
at higher impacted sites. Grass/Herbaceous groundcover was higher at sites with more damage;
VHDI did not differ significantly. Higher elevation trees are more susceptible to damage and
significant impacts persist seven years post-hurricane. Even small changes in elevation (~14m)
significantly impact canopy closure and forest structure. Results have implications for plantation
forest management under climate-change driven higher intensity hurricane regimes.

Keywords: forestry; recovery; hurricanes; forest structure; surveys; 360° photography; virtual reality;
Las Casas de la Selva

1. Introduction

Hurricanes are severe weather events that are common throughout the Caribbean. As these
storms make landfall, they result in extremely dangerous winds, torrential rain, strong storm surges,
and coastal flooding. The island of Puerto Rico is frequently in the path of these powerful storms
which are expected to increase in intensity due to warming ocean surface temperatures [1-3], rapidly
intensify more frequently [4,5], and produce more extreme rainfall [6-8] as a result of climate change.
The most recent and most powerful hurricane to impact the island since 1928 was Hurricane Maria
in 2017. Hurricane Maria made landfall in Puerto Rico on September 20, 2017 as a strong upper
category 4 storm with winds up to 241 kph and causing up to $90 billion in damage [9]. As Maria
made landfall, it crippled the island’s power grid [10], cut off access to clean water supplies [11] and
caused substantial damage to the forest [12-15].

Extensive research on how hurricane disturbances affect tropical forests really kicked off
following the aftermath of Hurricane Hugo in 1989, with much of the research being conducted
within the Luquillo Experimental Forest in Puerto Rico [16-26]. Following a hurricane, trees are
damaged from the loss of leaves (defoliation), damage to small branches, breaking of larger branches,
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and the snapping and uprooting of tree stems [26]. There are numerous factors involved that can
contribute to the severity of forest damage which includes topography of the land [14,25,26], land use
history [27,28], forest fragmentation [29], tree size [18], tree species [20,30,31], distance from the storm
[13,14], and intensity of the storm [15,32]. A recent study conducted by Uriarte et al. 2019 compared
hurricane-induced forest damage caused between hurricanes Hugo (1989, category 3), Georges (1998,
category 3), and Maria (2017, category 4) in the Luquillo Experimental Forest in Puerto Rico. They
found that Hurricane Maria had killed twice as many trees and had broken up to 2- to 12-fold more
stems compared to the other storms [15]. Taller trees with larger diameters at breast height (dbh)
have also been shown to be more vulnerable to snapping or uprooting when compared to shorter
trees [18].

While the damage to the forest following a hurricane gives the appearance of significant
mortality, the actual mortality of trees in the forest is quite low (4-8% recorded by previous studies
in the Caribbean [26,33]) and much of the forest will recover and quickly reestablish new leaves with
some species obtaining new leaves as early as two weeks post-hurricane [14,18,26]. In general, studies
have shown that the forests of eastern Puerto Rico and the Caribbean are quite resilient to a wide
variety of disturbances whether natural or anthropogenic [23,24] and that hurricanes play important
roles in forest community dynamics such as increasing spatial heterogeneity, resetting successional
patterns and nutrient flows, altering species composition, and inducing longer-term evolutionary
change [21,34,35].

While most of the previous work has focused on natural forests, plantation forestry has played
an important role in many parts of the Caribbean [36—41]. There is much less published research on
hurricane impacts in plantation forests, and findings suggest that patterns of damage and recovery
vary depending on the tree species. For example, pine trees favored in plantations typically do not
resprout or regrow if the main stem is broken or uprooted, unlike many species in natural tropical
forests [18,20,26,41,42]. Monoculture plantations differ from natural forests in vertical structure
especially in terms of understory vegetation, which may make them more vulnerable to stronger
damage from wind [42—46]. Sustainable forestry practices can differ from monocultures in several
ways: they are not based on clear-cutting the existing forest to make space for planting the preferred
species; more than one species of trees may be planted, interspersed with the existing vegetation; the
understory may be retained thereby maintaining a more complex vertical structure to the forest than
in monocultures. More research is needed to understand the impacts of hurricanes in such plantations
to better inform sustainable management of economically valuable forests.

In this study, we focused on measuring hurricane damage and assessing recovery seven years
post-Maria in a sustainable multi-species forestry plantation site at a property called Las Casas de la
Selva in southeastern Puerto Rico. Using a combination of 360° photography and virtual reality to
analyze forest vertical structure and ground cover and canopy closure across 75 sites, we compared
sites that took severe damage to sites that took light and moderate damage to determine whether
there were long-term differences between forest vertical structure, ground cover and canopy closure.
Our overall scientific goal was to learn more about the long-term impacts a major Hurricane such as
Maria can have on a subtropical wet plantation forest in Puerto Rico.

Our overarching questions are:

1. How does forest vertical structure, groundcover, and canopy closure at sites with significant
damage compare to sites with light/moderate damage seven years later?

2. How does the underlying topography (elevation, slope, aspect) in this mountainous region
influence the amount of damage to the forest (canopy closure, vertical structure, and
groundcover) on the property?
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2. Study Area

Las Casas de la Selva is a property that was established in 1983 in Patillas, Puerto Rico as an
experimental sustainable forestry and rainforest enrichment project. The Institute of Ecotechnics
started this project to develop science-driven methods to grow commercially valuable timber species
while also helping the regeneration of naturally occurring species in a mixed plantation forest. The
goal was to both get a better understanding of sustainable practices for managing such mixed
plantations and to demonstrate the value of such an approach to private landowners. The property
consists of 409 hectares of tabonuco forest which is located along very steep slopes at an average
elevation of 600 meters (range 508-607m) and receives an average annual rainfall of ~3,000 mm
[36,47].

The forest on the property is a mature second-growth forest and is classified as subtropical wet
forest on the Holdridge Life Zone classification system [48]. Our study site consists of four zones on
the property, of which zones II and III were utilized for our research (figure 1). Zones I and Ila occupy
harsher terrain and have become much more difficult to access following landslides and other
damage from Hurricane Maria. Zone II is a mixed timber plantation consisting of Mahogany
(Swietenia macrophylla x S. mahagoni) and Blue Mahoe (Talipariti elatum) and zone III is classified as
mixed use consisting of both forest, trails, and human built structures. When Hurricane Maria made
landfall in Puerto Rico on September 20, 2017, it made a direct hit on the property causing extensive
damage. Hundreds of trees were lost, many branches were broken, and much of the forest was
completely defoliated (figure 2). Even today, seven years after Hurricane Maria, the damage caused
can still be seen throughout the property and it is hard to miss for those who have visited before
(Figure 3).

Fone i/

Zone I: Biodiversity and Water Resources Protection Zone
Zone II: Mixed Timber Plantation

Zone lla: Mahogany Plantation

Zone lll: Mixed Use

Figure 1. Property Map of Las Casas de la Selva by Zone.
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Figure 2. (a) Tracks for some of the more recent storms to impact the island of Puerto Rico; and (b) aerial photos
showing Las Casas de la Selva before and after the storm. Images courtesy of Thrity Vakil.

Figure 3. Photos documenting the state of the property 7 years after Hurricane Maria. (a) This area of the forest
was hit hard with many trees displaying a reduced canopy; (b and c) These two photos show uprooted trees still
alive; and (d) This photo shows a severely damaged tree with relatively recent growth. Photos taken by Michael
Caslin.
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3. Materials and Methods

3.1. Establishing Survey Points

Prior to fieldwork, we established a total of 99 survey points randomly located across the study
area on the map using ArcGIS Pro version 3.0.0. However, during a pilot test run at the property, we
found reaching most of them to be unfeasible due to extreme terrain and the density of vegetation
from secondary growth following Maria. Forced us to change our sampling strategy, we therefore
established 75 survey points along existing trails at 40-meter interval distances (Figure 4). We chose
the 40-meter distance to minimize any overlap in the 360° photos between adjacent sites.

Legend

©  Survey Points
Plateau Road
Main Drive

Ethnobotanical
Trail

Logging Road 1
Logging Road 2
Zone 3

Zone 2

\
0 0.1 02 0.4 0 0.8
_- e eessssss s Kilometers|

Figure 4. Map showing location of survey points established at 40-meter intervals along the trails within zones

II and III of the property.

3.2. 360° Photography and Assigning Damage Ranks:

The fieldwork was conducted entirely by the first author, Michael Caslin. To reach each survey
point, Michael utilized a Garmin GPSMAP 65s unit (Figure 5) in the field. Once arriving at a survey
point, he attached the Ricoh Theta V 360° camera (Figure 6) to a 5-foot smallrig tripod to reduce blur
and to stabilize the camera and then took several photos. He assigned a damage rank to each survey
point by counting the total number of remaining dead and recovering trees using the following key:
(1) Light damage <= 10 dead and recovering trees, (2) Moderate damage > 10 and <= 25 dead and
recovering trees, and (3) Severe damage >25 dead and recovering trees.
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Figure 5. Garmin GPSMAP 65s unit.

yIE

Figure 6. Ricoh Theta V 360° camera and accessories.

3.3. Data Analysis of 360° and Hemispherical Photos:

3.3.1. Estimating Forest Vertical Structure of 360° Photos through Virtual Reality

Forest vertical structure is often referred to as the “vertical stratification or layering of forest
communities in space...” which is an essential characteristic for plant communities [49] (p. 1). To
estimate forest vertical structure, each 360° photo was analyzed within the Oculus Go Virtual Reality
headset (Figure 7). For each photo, Caslin determined the presence of four layers which include: (1)
Herbaceous Layer, (2) Shrub Layer, (3) Understory Layer, and (4) Canopy Layer. The different layers
were primarily determined by the height of the vegetation. The herbaceous layer consisted of
vegetation that had no woody stems which included grass, ferns, and vines. For the herbaceous layer,
the height ranged from 0.15 to 1.3 meters. The shrub layer consisted of plants with woody stems such
as shrubs and small trees. This layer's height ranged from 1.3 to 4.3 meters. The understory layer
consists of vegetation in a wooded area where shrubs and trees are growing between the forest
canopy and forest floor. In this layer the height ranged from 4.3 meters up to just below the canopy.
Finally, the canopy layer consists of the top layer of a forest which makes up the crowns of all the
trees that overlap to form the roof over the rest of the forest.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 7. Oculus Go Virtual Reality Headset.

To determine the presence of these layers within the VR headset, Caslin first selected a landmark
location (e.g., a tree or landscape feature). Next, turning clockwise, he recorded the presence of foliage
in each of the 4 layers within 30° slices of the 360° view to capture the entire image (Figure 8).
Throughout the analysis for each photo, the PI recorded himself and then listened to the recording
later to enter the data within a spreadsheet. Following Bai’s (2024) method, we calculated a Vertical
Habitat Diversity Index (VHDI) by applying the Shannon-Weiner Index to these data, using layer for
“species” and frequency of each layer as “abundance”.

Figure 8. Photo example visualizing how the PI used the VR headset to analyze forest vertical structure.

3.3.2. Analysis of Ground Cover Vegetation

Many of the sampling locations featured a dense growth of vegetation covering up much of the
ground. The ground cover consisted of the ground itself ranging from bare ground (dirt/soil) to leaf
litter, rocks, and gravel as well as the types of low growing plants that are commonly found
throughout the forest floor which can range from low-growing plants such as grass and ferns up to
small trees. The higher growing trees were also accounted for when our sampling points were
overlaid on top of them. We grouped the ground cover into eight categories: (1) Trees (2) small
trees/saplings, (3) shrubs, (4) ferns, (5) bamboo, (6) vines, (7) herbaceous (specifically grass), and (8)
bare ground/leaves/rock/gravel.

To analyze the ground cover, we transformed each 360° photo into hemispherical photos
focusing on the ground, using GIMP version 2.10.12. We batch processed images within GIMP using
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an additional plugin called BIMP (Batch Image Manipulation Plugin). Next, we created a systematic
point sampling grid utilizing Krita version 5.2.6. A total of 51 sample points were overlaid on each
hemispherical photo (Figure 9). The ground cover type was then determined at each of the 51
systematic point locations in each photo. Finally, we investigated three ground cover classes that
would most likely be associated with hurricane disturbance in JMP Pro 16 which included (1)
grass/herbaceous, (2) ferns, and (3) ground/leaves/rocks/gravel. However, before doing this, we first
had to transform the ferns and ground/leaves/rocks/gravel class data using the Johnson and Box-Cox
transformation methods to meet the assumption of normality.

Figure 9. Hemispherical photo focusing on the ground with 51 systematic sampling points. Points were enlarged

to increase visibility.

3.3.3. Analysis of Forest Canopy Closure

Within the field of forestry, “canopy cover is the area of the ground covered by a vertical
projection of the canopy, while canopy closure is the proportion of the sky hemisphere obscured by
vegetation when viewed from a single point” [50] (p. 59). To measure canopy closure, we again
transformed the 75 360° photos into hemispherical images pointing up rather than down, i.e., only
focusing on the canopy and excluding the ground. Each photo was then separately analyzed utilizing
the % Cover app (Figure 10). The % Cover app is an environmental application that was designed to
be used on iOS devices and provides a direct estimate of canopy closure.

Raleigh
Qol 22, 2034 &l 1359k

A

Detection level € Men Analysis Result

Raleigh
Oct 22, 2024 at 1:39 P

89%
Filied: 89%
Lnfilla

Figure 10. Analysis of canopy closure using the % Cover app.
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3.4. Statistical Analysis

We carried out all statistical analyses to test our hypotheses about how much influence elevation,
damage rank, slope, and aspect had on canopy closure, vertical structure, and groundcover, utilizing
JMP Pro version 16 (SAS Institute). We used ANOVA and Logistic Regression to analyze the data.

4. Results

4.1. Forest Vertical Structure (Vertical Habitat Diversity Index) Did Not Vary with Damage Rank:

We found no significant difference in the VHDI (Johnson/Box Cox transformed to meet ANOVA
assumptions of normality) between damage rank categories (Figure 11; ANOVA, P = 0.8788, R?=
0.0003, F =168 =0.0234).

N

w

N

(ANOVA, P = 0.8788, R*=0.0003, F =, ; =0.0234)

Vertical Habitat Diversity Index

Light and Moderate Severe
Damage Rank

Figure 11. Transformed Vertical Habitat Diversity Index (Johnson and Box-Cox) showing no association between
damage rank.
4.2. Grass/Herbaceous Ground Cover is higher at Severely Impacted Sites:

We found there to be a greater amount of Grass/Herbaceous Ground Cover at the more severely
impacted sites than at the light/moderately impacted sites seven years after Hurricane Maria (Figure
12, ANOVA, P=0.0472, R?=0.0559, F =1,71=4.0835). None of the other ground cover variables showed
significant variation among the damage rank categories.

70%

60%

v 50%
9 ANOVA, P =0.0472*, R?=0.0559, F = | 5, = 4.0835
® 40% S '
e}
2
> 30%
wv
©
9 20%

10%

0% PR I
Light and Moderate Severe
Damage Rank

Figure 12. Comparison of Grass/Herbaceous ground cover showing there to be a greater concentration at higher

impacted areas.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.0897.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 May 2025 d0i:10.20944/preprints202505.0897.v1

10 of 17

4.3. Canopy Closure is Lower at Higher Elevations:

We found that seven years after Hurricane Maria made landfall, there remains a significant
pattern of decreasing canopy closure (%) with increasing elevation (Figure 13; ANOVA, P =<.0001,
R2=0.408, F1,,m1=48.97).

Y = 4.177 - 0.00616*X

140%
RMSE: 0.19
120% R% 0.408
" F (1, 71) = 48.97, PValue = <.0001
5 100%
I "
Y 80%
o
Q
S 60%
U
* 40%
20%
0%
500 520 540 560 580 600 620

Elevation (Meters)

Figure 13. There was a strong association between lower canopy closure at sites at higher elevations seven years

post-Maria.

4.4. Canopy Closure is Lower at Severely Impacted Sites

We found a significant difference in percent canopy closure among damage rank categories
seven years after Maria (Figure 14; ANOVA, P=0.0002, R?=0.184, F =1,71=15.99) with a lower canopy
closure associated with more severely impacted sites (Mean = 60.9%) and a higher canopy closure at

light and moderately impacted sites (mean = 82.4%).

100%

Mean 82.4%

80%

Mean 60.9%

60% —

40%

% Canopy Closure

20%
(ANOVA, P=0.0002, R*=0.184,F = | ;, =15.99)

0% ‘
Light and Moderate Severe

Damage Rank

Figure 14. Comparison of % canopy closure by damage rank categories.

4.5. Damage Rank Is More Severe at Higher Elevations:

Seven years after Maria, we found that higher elevations were associated with more severe
damage causing more dead and recovering trees (Figure 15; Logistic Regression P = 0.0139, R? =
0.0644, F =1,73=6.05). However, it should be noted that this result is only applicable for the Tabonuco
forest found on the island of Puerto Rico and does not account for other types of forest on the island.
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Severe

Mean =565.9

(Logistic Regression, P =0.0139, R?=0.0644, F = | ,, = 6.05)

Light and

Damage Rank

Moderate

Mean =551.3

480 500 520 540 560 580 600
Elevation (Meters)

Figure 15. Logistic Regression showing elevation had a significant influence on the damage ranks assessed at

each site.

5. Discussion

In this study, we investigated Hurricane Maria’s long-term impact on the forest at Las Casas de
la Selva at the landscape level. We were specifically interested in determining whether there were
any noticeable long-term effects on multiple components of the forest from the canopy down to the
ground cover on the forest floor.

There have been many scientific studies investigating the impacts of hurricanes on forests in the
Caribbean which includes the immediate damage from the storm [15,19,26,34,51] to short-term and
long-term recovery [16,17,21] to forest resilience [23,24]. However, much of the information we have
gained from previous studies has been on hurricanes of categories 3 and lower and thus does not
account for a changing climate where hurricanes like Maria are expected to become more common
[1,5]. One study conducted by Uriarte et al. 2019 has shown that Maria (category 4) caused
substantially more damage to the forest compared to two strong category 3 storms in Puerto Rico.
Considering this, one important question is whether the resilience of the forest to hurricanes can be
maintained as these storms become more severe, more common, and cause even more damage [15].

When Hurricane Maria made landfall in Puerto Rico, it made a direct hit on the property of Las
Casas de la Selva. According to Thrity Vakil (personal communication), the director of the Tropic
Ventures Sustainable Forestry & Rainforest Enrichment Project in Puerto Rico, hundreds of trees were
lost. In addition, based on observations made by Thrity, the damage caused to the forest on the
property was entirely by the wind and she estimates that around 80% of the planted Caribbean Pine
and 50% of the planted Blue Mahoe were lost. This indicates considerably higher mortality than the
4-8% reported in previous studies of hurricane impacts in the Caribbean [26,33]. She also observed
major delays in the production of new leaves for severely impacted trees at higher elevations which
lines up with personal observations made by Brokaw and Walker in 1991. However, some of the trees
took much longer to regain foliage, like some mahogany trees taking up to three years to exhibit new
leaves.

5.1. More Severe Damage at Higher Elevations

The relationship between elevation and greater hurricane damage to the forest has been well
documented [13,14,25,26,31,52-55]. However, there is an inconsistency as to whether hurricane-
induced forest damage is worse at higher elevations [13,25,52,54,55] or lower elevations [14,31,53].
This is because the interaction between the forest and hurricane is complex with many factors
needing to be considered such as differences in forest type and forest composition, storm intensity,
storm proximity, elevation, slope, tree species, soil types, and previous land use history.
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For our research, we found there to be a statistically significant pattern of the forest canopy
closure being lower at higher elevations (P = <.0001) seven years after the hurricane. This means that
the canopy of the mixed Tabonuco/Plantation Forest is much more vulnerable at higher elevations at
our study site. This result makes sense considering how many trees were lost as well as taking much
longer to regain new leaves at higher elevations on the property. In addition, based on personal
observations made by the first author during the past (2012 and 2014) and recent (2022 and 2024)
visits to the property, many areas of the property at higher elevations were completely transformed
(Figure 16). There were sections of the property that were once densely forested to where little sun
reached the forest floor. Now, these once densely forested areas are completely opened up and have
remained that way to this day.

Figure 16. Time series showing forest change at the property of Las Casas de la Selva. (a) Photo taken along the
driveway in June 2012. (b) Photo taken shortly after Hurricane Maria made landfall in September 2017. (c) Photo
showing the current conditions at the site in July 2024. Photo credits Michael Caslin (a and c), Thrity Vakil (b).

One important finding from our research is that during extremely intense storms like Maria, it
only takes a small difference in elevation to make the mixed Tabonuco/Plantation Forest more
susceptible to major damage. In our study, the mean elevation for the severely impacted sites was
565.9 meters whereas the mean elevation for the light/moderate sites was 551.3 meters. In other
words, a mean difference of 14.6 meters in elevation made a significant difference for a site to show
more or less severe damage.

However, elevation alone is not the sole predictor of damage. We believe additional factors in
combination with elevation have contributed to the overall severity of damage found on the property.
These additional factors include the proximity of Maria’s storm path (the eye passed very close to
our study site), the category of the storm (upper category 4), and previous agricultural land use that
resulted in major erosion throughout parts of the property. This result suggests that there can be
major implications for plantations established at higher elevations from more intense storms and that
careful consideration must be made before the establishment of new plantations. More research is
needed to better understand what the implications to the plantation forest are due to proximity of
the storm path, intensity, and previous land use.

5.2. Lower Canopy Closure at More Severely Damaged Sites

We also found that even seven years post-Maria, there remains a statistically significant pattern
of lower canopy closure being associated with the more severely impacted sites (P = 0.0002). The
average canopy closure at the more severely impacted sites on the property is 60.9% which is 21.5%
lower than the average canopy closure found at the light and moderate impacted sites (82.4%). This
indicates that much of the canopy at less and moderately impacted sites have recovered whereas
much of the canopy at the more severely impacted sites are still recovering seven years post-storm.
This makes sense considering how many trees were lost in these areas and it will take a number of
years for more trees and new branches to regrow and fill in the gaps within the canopy.
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5.3. Persistent Lack of Woody Plant Regeneration at Severely Damaged Sites

For groundcover, we were interested in whether specific groundcover types were more common
in the severely impacted category given certain types of vegetation are often frequently found in
areas associated with disturbance. In this study, we only found the Grass/Herbaceous ground cover
to have higher concentrations at sites that had greater damage. This suggests a relative lack of woody
plant regeneration in areas that had the most severe impact that has remained persistent even seven
years post-Maria. Possible reasons for this include erosion of soil due to the hurricane with likely
subsequent effects on soil nutrients, as well as more direct sunlight limiting the growth of shade-
dependent woody plant species. More detailed understanding of this will require further research,
but this also suggests the need for greater management attention to areas with severe canopy damage
in order to foster the regeneration of trees to restore the forest canopy.

5.3. Similar Recovery of Vertical Forest Structure Across Sites

Finally, we found there to be no difference in vertical forest structure (VHDI) between differing
in severity of damage (P = 0.8788) which indicates that these four components of the forest have
recovered by the time fieldwork was conducted in July of 2024. This surprising result suggests that
forest recovery after the hurricane has been complex, with faster recovery of foliage at different
heights resulting in similar vertical structure even as the overhead canopy is taking longer to recover
in more severely damaged sites.

Overall, when looking at how much influence different landscape factors had on forest recovery
from hurricane damage seven years later, the strongest effects were on canopy closure. This is further
indication that at this point in time, most of the vertical structure of the forest as well as much of the
groundcover vegetation had recovered while the canopy had not in more severely hit sites. This
makes sense considering that the forest canopy is much more exposed to the strong wind gusts from
a hurricane, and even more so at higher elevations.

6. Conclusion

Considering the widespread impacts hurricanes have on both natural and plantation forests
throughout the Caribbean, it is crucial to continue with long-term research that aims to provide a
clearer understanding of hurricane impacts on different components of the forest. We have shown
that elevation has a large influence on which areas of the mixed plantation/Tabonuco forest at Las
Casas de la Selva will be most susceptible to hurricane damage with trees at higher elevations being
the most susceptible to damage as well as having long-lasting impacts that persist for at least 7 years
in the case of Hurricane Maria. Within a mixed plantation/Tabonuco forest, we have shown that a
difference in elevation as small as 14 meters can make the difference between a site having higher or
lower damage. This result has major implications for plantation forestry, and can be used to inform
forest/plantation land managers that are in the plantation establishment or re-establishment phase to
plant at lower elevations in tabonuco forest in order to avoid the worst hurricane damage.
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