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Introduction 

Between the 19th century and the early 20th century, most of Puerto Rico’s land cover was 

constantly exposed to intense anthropogenic disturbances, which facilitated the establishment and 

naturalization of nonnative tree species such as the Indian Almond tree (Grau et al., 2003; Little et 

al., 1977; Lugo, 2004).  The Indian Almond tree is a widely distributed species in Puerto Rico that 

forms monodominant novel stands in littoral dunes and coastal zones previously used for coconut 

plantations (Francis and Lowe, 2000b; Little et al., 1977; Weaver and Gould, 2013).  Coastal novel 

forests dominated by T. catappa can sustain a variety of ecosystem services such as biodiversity 

conservation, shoreline protection, nutrient storage and cycling, as well as providing recreational 

and touristic areas (Hobbs et al., 2014; Martínez et al., 2007).  An improvement in knowledge of 

coastal novel forests dominated by T. catappa can be a basis for improved context-specific 

recommendations and management decisions that account for coastal novel forests (Hobbs et al., 

2014).  Therefore, if managed well, forests dominated by T. catappa may be of great importance 

to our society as a natural resource.   

To improve context-specific recommendations and management decisions, environmental 

factors that affect the species assemblages in Puerto Rico must be accounted for (Ewel and 

Whitmore, 1973; Marcano-Vega et al., 2015).  The ecosystems of Puerto Rico are subject to the 

effects of hurricanes every ten years, such as the recent category 4 Hurricane Maria, on September 

20, 2017 (Lugo, 2008; Pasch et al., 2018).  Months after Hurricane Maria’s passing, the vegetation 

index loss of 31 percent on Puerto Rico was correlated to the hurricane’s intensity and distance, 

even though landscape and forest fragmentation also had an effect (Feng et al., 2018; Van 

Beusekom et al., 2018).  Nevertheless, further remotely sensed data and analysis are needed to 

provide more precise estimates of the hurricane’s effects on the vegetation of specific forests and 

the possible role of coastal forests as costal protection from hurricanes.  



 To provide a better understanding of the effect hurricanes on coastal novel forest dominated 

by T. catappa the following study question was established: How was the successional trajectory 

of the forest dominated by the Indian Almond tree affected after Hurricane Irma and Maria? This 

question will be answered by evaluation three different vegetation indexes using satellite images 

of forest before and periodically after Hurricane Irma and Maria. It expect a decrease in the 

vegetation indexes immediately after Hurricane Irma and Maria, followed by a steady increase in 

the vegetation indexes after the hurricanes, as well as, differences between the different vegetation 

indexes through the dates evaluated. Consequently, this study will provide remotely sensed 

information as a base to which future experiments, regarding hurricane effects on secondary 

coastal forests, can use as a starting point, as well as, improve and complement the already 

established knowledge.   

 

Objectives 

• Study the dynamics of the vegetation succession on “Survival beach” forest dominated by 

T. catappa after Hurricane Irma and Maria. 

 

Methods 

Survival beach, is located in the subtropical moist zone of Puerto Rico, specifically in 

Aguadilla (Ewel and Whitmore, 1973). The Sentinel-2A satellite images (see Figure 1) of Survival 

beach were obtained from EarthExplorer the following four dates: (1) September 6, 2017, (2) 

October 25, 2017, (3) October 30, 2018 and (4) October 25, 2019. The Normalized Difference 

Vegetation Index (NDVI), Soil Adjusted Vegetation Index (SAVI) and Enhanced Vegetation 

Index (EVI) of each satellite image was analyzed as provided in Jensen (2014) with ArcGIS 

software (ESRI, 2011). After analyzing the vegetation indexes (see Figure 1) of the satellite 

images, the symbology of the images was changed to classify and classified as six groups ranging 

from -1 to 0, 0 to 0.2, 0.2 to 0.4, 0.4 to 0.6, 0.6 to 0.8 and 0.8 to 1 (Van Beusekom et al., 2018). 

Then, the program was trained to differ between the different ranges in the images to perform a 

Maximum Likelihood Classification. All of the supervised classifications were then changed from 

raster to polygon (see Figure 1) with “Raster to polygon” tool, the area of interest was clipped and 



dissolved. The information obtained at this point was displayed as layouts with coordinates, north 

arrow, legends, titles and descriptions.  

The data information from the previous prosses was exported to an Excel work sheet and, 

then, statistical analysis was obtained with Infostat. Two analysis of variance (ANOVA) were 

obtained by (1) classifying the independent variables, indexes and dates, the dependent variable 

was the area segregated by range, and (2) classifying the independent variables, indexes and range, 

the dependent variable was area segregated by dates. This information was displayed in two 

separate box plots with the same specifications as the ANOVA’s.  

 

Results and discussion 

There are some visible variations between the NDVI of Survival beach before and 

periodically after Hurricane Irma and Maria (see Image 1), but these variations cannot be 

quantified from the image alone and it cannot be determined if there are statistical differences 

between them. By obtaining the area occupied by the range of vegetation index in every image, I 

was able to quantify and compare the areas between vegetation indexes and ranges in the indexes. 

As result, it was found that there is a significant difference (See appendix and Image 2) of the sum 

of the areas of the vegetation index ranges between September 6, 2017 and October 25, 2017. 

Specifically, the largest difference between the dates previously mentioned was in the ranges 0.2 

to 0.4 and 0.4 to 0.6. This decrease in the vegetation indexes concurs with the 31 percent vegetation 

greenness loss on Puerto Rico after Hurricane Irma and Maria. (Feng et al., 2018; Van Beusekom 

et al., 2018). Also, the average of the SAVI differed (see Appendix and Image 3) from the average 

of the other vegetation indexes in the 1 to 0.8 range. The SAVI takes into account the soil’s effect 

on the vegetation index, therefor after Hurricane Irma and Maria the SAVI differed from the other 

vegetation indexes due to the abundant exposed land cover (Jensen 2014). Consequently, the SAVI 

might be the most precise vegetation index after the hurricanes, when compared with NDVI and 

EVI.  

 

 

 



 

 

 

 

 

 

 

 

 
 
Figure 1. Flow chart of the procedure used in the study to determine the area ocupied by the 
different ranges of vegetation indexes before and after Hurricane Irma and Maria, statistical 
analysis and graphics.  
 

 
Image 1. A layout of the NDVI of Survival beach before and after Hurricane Irma and Maria. 
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Image 2. Box plot of the area occupied the different vegetation index ranges before and after 
Hurricane Irma and Maria. 
 

 
Image 3. Box plot of the area occupied the different vegetation indexes before and after 
Hurricane Irma and Maria. 
 



Conclusion 

In general, the vegetation indexes in Survival beach decreased after Hurricane Irma and 

Maria, but steadily increased each year. As expected, there are differences between the Survival 

beach vegetation indexes before and after the hurricanes. This difference is mainly seen in the 

immediate decrease of vegetation greenness after the hurricanes physical forces affected the forest 

vegetation. Additionally, there were differences between SAVI and the other vegetation indexes 

in the same dates. Consequently, the SAVI is the most precise vegetation index, in this instance, 

due to it taking into account the soils effect on the index while most of the land cover was exposed 

after the hurricanes. Also, there were differences between the sum of the area of some vegetation 

index ranges, whereas others, in the same date, remained unchanged.   

Unfortunately, one of my two fellow students could not provide results, but the other, 

Natasha M. Torres Rios, did provide results that complement my findings. In them, Natasha 

explains that even though she could not compare the tree density from 2016 with the tree density 

of 2018, she did find a decrease in the tree height from the year 2016 to the year 2018. Like the 

vegetation index, tree height is a measure of structure, therefor they are related. Due to the dates 

of the decrease in tree height, it could be concluded that the physical effects of Hurricane Irma and 

Maria are responsible for this change, similar to how they affected the vegetation indexes in my 

study. 

 

Recommendations 

For future studies, the sample size must be larger in order to minimize the standard error in 

the statistical analysis, therefor, provide more precise conclusions. Also, the statistical analysis 

could be done in ArcGIS instead of Infostat. The quality of certain statistical analysis in ArcGIS 

could provide better results and publishing opportunities. Also, I would like to recommend more 

teamwork while doing this type of studies, because some of my coworker’s findings reaffirmed 

my findings. Therefor, providing more weight to my conclusions.  

 

 

 

 



References 

ESRI 2011. ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems Research 

Institute. 

Ewel, J.J., Whitmore, J.L., 1973. The ecological life zones of Puerto Rico and the U.S. Virgin 

Islands. https://doi.org/10.1093/ecco-jcc/jjy097 

Francis, J.K., Lowe, C.A., 2000a. Cocos nucifera L., in: Bioecología de Árboles Nativos y 

Exóticos de Puerto Rico y Las Indias Occidentales. pp. 152–157. 

Francis, J.K., Lowe, C.A., 2000b. Terminalia catappa L., in: Bioecología de Árboles Nativos y 

Exóticos de Puerto Rico y Las Indias Occidentales. pp. 541–544. 

Grau, R.H., Aide, M.T., Zimmerman, J.K., Thomlinson, J.R., Helmer, E., Zou, X., 2003. The 

ecological consequences of socioeconomic and land-use changes in postagriculture Puerto 

Rico. Bioscience 53, 1159–1168. https://doi.org/10.1641/0006-

3568(2003)053[1159:TECOSA]2.0.CO;2 

Hobbs, R.J., Higgs, E., Hall, C.M., Bridgewater, P., Iii, F.S.C., Ellis, E.C., Ewel, J.J., Hallett, 

L.M., Harris, J., Hulvey, K.B., Jackson, S.T., Kennedy, P.L., Kueffer, C., Lach, L., Lantz, 

T.C., Lugo, A.E., Mascaro, J., Murphy, S.D., Nelson, C.R., Perring, M.P., Richardson, 

D.M., Seastedt, T.R., Standish, R.J., Starzomski, B.M., Suding, K.N., Tognetti, P.M., 

Yakob, L., Yung, L., 2014. Managing the whole landscape: historical , hybrid , and novel 

ecosystems In a nutshell. Frontiers (Boulder). 12, 557–564. https://doi.org/10.1890/130300 

Jensen, J.R., 2014. Remote sensing of the enviroment, in: Remote Sensing of the Enviroment: 

An Earth Resource Perspective. pp. 1–38. 

Little, E.I., Wadsworth, F.H., Marrero, Y.J., 1977. Arboles comunes de Puerto Rico y las Islas 

Virgenes. 

Lugo, A.E., 2008. Visible and invisible effects of hurricanes on forest ecosystems: an 

international review. Austral Ecol. 33, 368–398. https://doi.org/10.1111/j.1442-

9993.2008.01894.x 

Lugo, A.E., 2004. The outcome of alien tree invasions in Puerto Rico. Front. Ecol. Environ. 2, 

265–273. https://doi.org/10.1890/1540-9295(2004)002[0265:TOOATI]2.0.CO;2 



Martínez, M.L., Intralawan, A., Vázquez, G., Pérez-Maqueo, O., Sutton, P., Landgrave, R., 2007. 

The coasts of our world: Ecological, economic and social importance. Ecol. Econ. 63, 254–

272. https://doi.org/10.1016/j.ecolecon.2006.10.022 

Pasch, R.J., Penny, A.B., Berg, R., 2018. National hurricane center tropical cyclon report: 

Hurricane Maria. 

Van Beusekom, A.E., Álvarez-Berríos, N.L., Gould, W.A., Quiñones, M., González, G., 2018. 

Hurricane Maria in the U.S. Caribbean: disturbance forces, variation of effects, and 

implications for future storms. Remote Sens. 10, 1–14. https://doi.org/10.3390/rs10091386 

Weaver, P., Gould, W., 2013. Forest vegetation along environmental gradients in northeastern 

Puerto Rico. Ecol. Bull. 54, 43–65. 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 

 



 

 



 
i. ANOVA with the independent variables, indexes and dates, the dependent variable 

was the area segregated by range. 
 

 



 

 



 

 
ii. ANOVA with the independent variables, indexes and range, the dependent variable 

was area segregated by dates. 
 

 


