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ABSTRACT 

The mangrove forests of Ciénaga de Zapata, Cuba, are of critical importance from both 

biodiversity and ecosystem service perspectives. The peninsula is home to more than 1,000 

invertebrate species, more than 80 percent of the island’s total bird species, and numerous fish, 

mammals, and reptiles, including the Cuban crocodile (Crocodylus rhombifer) and Cuban gar 

(Atractosteus tristoechus), two species found only in Cuba. Zapata’s mangroves also support 

populations of sport and commercial fish such as bonefish (Albula vulpes), tarpon (Megalops 

atlanticus), permit (Trachinotus falcatus), and snook (Centropomus undecimalis).  

Despite the ecological importance of Zapata’s mangroves, no published work has 

documented any changes in the forests’ extent or distribution throughout the past two decades. 

This project combined unsupervised classification and visual interpretation of Landsat imagery 

with local knowledge to quantify and map area changes in Zapata’s mangrove forests from 1994 

to 2014. Habitat zones mapped by local stakeholders were used to measure and compare 

mangrove change at the scale of individual species’ preference areas.  

Study results demonstrated a negligible (1.20 percent) decrease in total mangrove area 

during the study period. However, changing socio-political and economic dynamics between the 

United States and Cuba could precipitate rapid development along nearby coastal locations in the 

near future, and these results provide necessary baseline information against which to measure 

future pressures on Zapata’s mangroves at the cusp of a period of potentially substantial future 

change. 
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CHAPTER 1 

INTRODUCTION 

Cuba’s more than 4,900 square kilometers of mangrove forested area accounted for 3.2 

percent of the planet’s total mangrove area in 2010 (Spalding et al. 2010), ranking the island 

nation tenth in the world in mangrove cover (Giri et al. 2011). Mangrove forests provide critical 

support to adjacent ecosystems, both terrestrial and marine. Mangroves filter offshore nutrient 

flows, preventing them from damaging offshore seagrass beds and coral reef systems (Blanquet, 

Gibson, and Hatch 1996; Spalding et al. 2010); bind existing sediment deposits, strengthening 

coastlines against erosion (Card 1996; Ewel et al. 1998); support zooplankton communities and 

algal mats (Jacobs 1996; Littler et al., 1985; Sheaves et al. 2016; Tanner et al. 1996); and 

mitigate storm surge damage to interior coastal communities (Bambaradeniya et al. 2005; 

Dahdouh-Guebas et al. 2005; Danielsen et al. 2005).  

Komiyama et al. (2008) estimated that a mixed Rhizophora mangle and Avicennia 

germinans forest in Mexico measured net primary productivity of 6.95 tons per hectare per year, 

and mangrove wood has been used to produce boats, traditional fishing equipment such as 

spears, fuel for burning, and roofing materials (Spalding et al. 2010). Indeed, Wells et al. (2006) 

valuated the total ecosystem services provided by extensive mangrove forests in close proximity 

to human populations at $2,060 to $9,270 per hectare per year. Mangrove forests’ value in 

providing cultural ecosystem services – non-material enhancements of human welfare such as 

aesthetic, spiritual, historical, or recreational utility – has also been documented (Ewel et al. 

1998; Martin et al. 2016)
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Both from biodiversity conservation and ecosystem service perspectives, the mangroves 

of Cuba’s Ciénaga de Zapata, or Zapata Swamp, are integral components of a Caribbean wetland 

system that has been called both “the Cuban Amazon” (Martin 2016) and “Cuba’s counterpart of 

the Florida Everglades” (Barbour 1945). In 1971, the Ramsar Convention on Wetlands 

designated Ciénaga de Zapata a Wetland of International Importance and “the largest and best-

preserved wetland in the Caribbean,” citing the swamp’s species diversity (Ramsar 2014). Zapata 

is home to more than 1,000 invertebrate species, more than 900 plant species, and more than 80 

percent of Cuba’s native bird species (Hamel and Kirkconnell 2005; Paez et al. 2005), as well as 

the Cuban crocodile, a species found only in Zapata (UNESCO 2003). 

Caribbean mangrove forests serve as critical nurseries for several fish species (Gillett, 

1996), and Zapata’s mangroves are of particular economic importance as commercial, 

subsistence, and recreational fisheries for bonefish, tarpon, permit, and snook. Approximately 

19.3 percent of the Cuban workforce was employed in the agriculture, fishing, and livestock 

sector in 2012, and the number of annual visitors to Cuba increased by 31.9 percent from 2007 to 

2012, with an accompanying 16.9 percent growth in tourism revenues during the same period 

(Gonzalez-Corso and Justo 2014). Sport fishing tourism is expected to grow rapidly in the near 

future as travel restrictions are eased for United States citizens (Harrell 2016; U.S. Department of 

Treasury 2016). And Cuban beekeepers move approximately 40,000 hives into Zapata’s 

Avicennia germinans stands each flowering season, producing about 2,700 tons of honey 

annually (Suman 2003). 

Estimated trends of Cuban mangrove reforestation between 1980 and 2000 (FAO 2007; 

Suman 2003; Alongi 2002; Ellison and Farnsworth 1996) belie documented decreases in global 

mangrove cover (Giri et al. 2011; Duke et al. 2009; Alongi 2002; Valiela et al. 2001). However, 
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despite the ecological and economic importance of Zapata’s mangroves, there is a dearth of 

literature documenting specific mangrove change dynamics within Ciénaga de Zapata, 

particularly throughout the past 20 years. 

The present study addresses this gap in the literature, mapping and quantifying changes in 

the areal extent of Rhizophora mangle (red mangrove) and Avicennia germinans (black 

mangrove) in Ciénaga de Zapata from 1994 to 2014 using historical Landsat satellite data.  

Because Ciénaga de Zapata is protected as a national park, a Ramsar Wetland of 

International Importance, and a United Nations Educational, Scientific and Cultural Organization 

(UNESCO) Biosphere Reserve (Ellis 2013; UNESCO 2003), the author approached the project 

predicting that study results would indicate that Ciénaga de Zapata has experienced marginal 

decreases in mangrove cover between 1994 and 2014. The author further hypothesized that any 

observed changes would be concentrated along coastline in the northeastern and northwestern 

stretches of the national park boundary, due to indirect pressures such as pollution and waste 

runoff from proximal coastal communities like Playa Larga and Nueva Paz (Steinberg 2015; 

Schaffelke et al. 2005; Alongi 2002). Concentrations of mangrove decline were also predicted in 

the cayes off of the central southern coastline of Ciénaga de Zapata, within the path Hurricane 

Michelle took through Zapata in September of 2001. 

The utility of Landsat data in historical mangrove change detection has been thoroughly 

documented in the environmental monitoring literature (Lillesand et al. 2015; Giri et al. 2011; 

Klemas 2001; Kovacs et al. 2001). This study used a combination of visual interpretation (D’iori 

et al. 2007; Green et al. 1998) and unsupervised classification (Bhatt et al. 2009; James et al. 

2007; Kovacs et al. 2001) to identify mangrove cover at each of the study dates. Post 

classification change detection was used to quantify and map changes in mangrove area over the 
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course of the study period (Srivastava et al. 2015). Change detection results were disaggregated 

by habitat preference zones of management-relevant species, as identified by local stakeholders, 

to depict mangrove change at both habitat and peninsular scales. Vannucci (2004) asserted the 

importance of local community involvement in mangrove research and management, and Rose et 

al. (2014) identified the integration of remotely sensed land cover data with historical and current 

species distributions as one of the top ten ways remote sensing can contribute to conservation 

efforts in the near future. 
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CHAPTER 2 
 

STUDY AREA 

Located approximately between 22° N and 22° 30’ N latitude and 81° 20’ W and 82° 10’ 

W longitude, the Península de Zapata and its constituent Ciénaga de Zapata are located on the 

southern coast of northwest Cuba. The largest protected area in the Caribbean at more than 6,000 

square kilometers, Ciénaga de Zapata has been designated as a national park since 1961, a 

Ramsar Wetland of International Importance since 1971, and a UNESCO Biosphere Reserve 

since 2001 (Ellis 2013; UNESCO 2003). However, agricultural fields and the towns of Playa 

Larga and Nueva Paz directly abut the northern boundaries of Zapata’s protected areas, and 

anthropogenic development and waste runoff in coastal communities have been shown to exert 

negative pressures on adjacent mangrove forests (Steinberg 2015; Alongi 2002). Figure 1 

displays the study area and the boundaries of Parque Nacional Ciénaga de Zapata and Zapata’s 

UNESCO Biosphere Reserve. 

 The following four species of mangrove are present on the Península de Zapata, listed by 

order of progressively inland zonation: Rhizophora mangle, or red mangrove; Avicennia 

germinans, or black mangrove; Laguncularia racemosa, or white buttonwood; and Conocarpus 

erecta, or buttonwood (Paez et al. 2005). Red mangrove and black mangrove generally grow in 

the low intertidal zone, while white buttonwood and buttonwood generally grow above the high 

tide line (Paez et al. 2005; Smith 1996). Because Rhizophora mangle and Avicennia germinans, 

not Laguncularia racemosa and Conocarpus erecta, are primarily involved in the ecological 
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interactions and ecosystem services outlined above (Spalding et al. 2010; Tomlinson 1986), this 

study specifically addressed historical changes in the former two species. 
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CHAPTER 3 
	  

MATERIALS AND METHODS 

3.1 Local Knowledge 

 In February 2016, the author’s committee chairperson met with Parque Nacional Ciénaga 

de Zapata officials. The chairperson brought to the meeting a printed satellite image of Ciénaga 

de Zapata, and the officials delineated with marker on the image habitat zones for Cuban 

crocodile (Crocodylus rhombifer), bonefish (Albula vulpes), tarpon (Megalops atlanticus), 

permit (Trachinotus falcatus), and snook (Centropomus undecimalis), as well as the approximate 

zonation of Zapata’s mixed Rhizophora mangle and Avicennia germinans forests. These hand-

drawn zones were converted to geographic information systems (GIS) polygon layers through 

heads up digitization (Barrette et al. 2000) by manually tracing the scanned annotations in 

ArcMap 10.2, as depicted in Figure 2. 

3.2 Image Selection and Preprocessing 

 The entire study area fits within one Landsat image tile, indexed as Path 15, Row 45 in 

the U.S. Geological Survey’s (USGS) Worldwide Reference System 2 (WRS-2). One Landsat 8 

Operational Land Imager (OLI) image and one Landsat 5 Thematic Mapper (TM) were obtained 

for 19 February 2014 and 12 February 1994, respectively. The two images were selected at near 

anniversary dates to minimize inconsistencies in sun angle or phenology (Jensen 2006). Neither 

of the images had cloud cover obscuring any part of Ciénaga de Zapata. The images were 

obtained from the USGS via the National Aeronautics and Space Administration’s (NASA) 
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Landsat Ecosystem Disturbance Adaptive Processing System (LEDAPS), which provides 

atmospherically corrected Landsat surface reflectance data (Masek et al. 2006).  

The LEDAPS surface reflectance processing precluded the need for any additional 

atmospheric correction. However, while both images were supplied already corrected for 

systematic geometric distortions, geometric correction was performed using image-to-image 

registration to mitigate any random geometric distortions (Jensen 2015). The 2014 Landsat 

image was registered to Google Earth imagery from February 2014, and the 1994 Landsat image 

was registered to the 2014 Landsat image, each with a nearest-neighbor algorithm using 13 

control points. Both registration processes were performed with root-mean-square error (RMSE) 

tolerance thresholds of ±0.5 pixels (Jensen 2015). 

3.3 Visual Intepretation 

 Preliminary incarnations of the classification process yielded unsatisfactory levels of 

inaccuracy, conflating Rhizophora mangle and Avicennia germinans canopies with those of 

Laguncularia racemosa and Conocarpus erecta and with other non-mangrove inland vegetation. 

To mitigate this error, both images were clipped prior to classification to include only those 

portions of Ciénaga de Zapata within the swamp’s mixed Rhizophora mangle and Avicennia 

germinans zonation (Long and Giri 2011). The clipping boundary was determined using the 

mangrove species zonation delineated by the Parque Nacional Ciénaga de Zapata officials in 

combination with visual interpretation of high spatial resolution Google Earth imagery (Jones et 

al. 2014). 

3.4 Unsupervised Classification 

 An unsupervised classification using the Iterative Self-Organzing Data Analysis 

Technique (ISODATA) algorithm (Pasher and King 2010; Kovacs et al. 2001) was performed on 
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both the clipped 1994 and 2014 images. For each image, the blue, green, red, and near infrared 

bands and both shortwave infrared bands – Bands 1 through 5 and 7 for the Landsat 5 TM image 

from 1994 and Bands 2 through 7 for the Landsat 8 OLI image from 2014 – were included in the 

unsupervised classification procedure (Jones et al. 2014; Long and Giri 2011). Each 

unsupervised classification was run with 10 iterations and identified 10 spectral classes, which 

were assigned to one of the following three information classes (Jensen 2015): mangrove, 

terrestrial non-mangrove (Long and Giri 2011), or water. 

3.5 Change Detection 

 Per-pixel post-classification comparison change detection was used to quantify trends in 

Ciénaga de Zapata’s mangrove cover between 1994 and 2014 (Jensen 2015). In the 1994 

classified map, pixels representing mangrove, terrestrial non-mangrove, and water were coded 

with values of 1, 2, and 3, respectively. In the 2014 classified map, pixels representing 

mangrove, terrestrial non-mangrove, and water were coded with values of 11, 12, and 13, 

respectively. The 1994 and 2014 classified maps were added together using ArcMap 10.2’s 

Raster Calculator tool, producing a thematic map depicting from-to change information for the 

study period (Jensen 2015). Both of the classified thematic maps and the change detection 

thematic map were clipped by each of the shapefiles representing habitat zones for Cuban 

crocodile (Crocodylus rhombifer), bonefish (Albula vulpes), tarpon (Megalops atlanticus), 

permit (Trachinotus falcatus), and snook (Centropomus undecimalis) to quantify mangrove area 

and change at the habitat scale in addition to the swamp-wide scale. 

3.6 Accuracy Assessment 

 Because the per-pixel post-classification comparison change detection technique used in 

this study preserves input classification inaccuracies in the output change detection thematic map 
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(Jensen et al. 1995; Rutchey and Velcheck 1994), accuracy assessment was performed for both 

the 1994 and the 2014 classifications. A stratified random sampling method was used to ensure 

that each information class was represented proportionally in the sample set relative to that 

information class’s relative coverage of the study area (Jensen 2015). Control points in each 

classified map were referenced to high spatial resolution Google Earth imagery from 

corresponding dates (Morissette et al. 2005). The 1994 classification measured an overall 

accuracy of 90.11 percent and the 2014 classification measured an overall accuracy of 92.34 

percent. Both the 1994 and the 2014 classifications exceeded the minimum acceptable overall 

accuracy threshold of 85 percent suggested by Anderson et al. (1976). 
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CHAPTER 4 

RESULTS 

Total mangrove cover in Ciénaga de Zapata decreased from 166.64 square kilometers in 

1994 to 164.64 square kilometers in 2014, a net decline of 1.20 percent. Of the 2 square 

kilometers of 1994 mangrove cover that were not mangrove in 2014, 82.50 percent was water in 

2014, and 17.50 percent was terrestrial non-mangrove in 2014. This change in mangrove cover 

can be considered within the nominal range of environmental and habitat fluctuation that might 

occur as a result of storm damage (Giri et al. 2007). Figures 3 and 4 display combined red 

mangrove (Rhizophora mangle) and black mangrove (Avicennia germinans) cover for Ciénaga 

de Zapata in 1994 and 2014, respectively. Each of the habitats examined demonstrated negative 

mangrove change, but none of the habitats measured a net percentage decrease in mangrove area 

of more than 2 percent. The tarpon (Megalops atlanticus) habitat zone showed the largest 

percentage decrease in mangrove cover at 1.55 percent, while permit (Trachinotus falcatus) 

habitat displayed the smallest at 0.03 percent. Results are summarized in Table 1. 

Table 1. Status of mangroves in 1994 and 2014 

Level	  of	  Measurement	  

	  
Bonefish	   Tarpon	   Permit	   Snook	  

Cuban	  

Crocodile	  
Overall	  

1994	   10.35	   26.02	   12.51	   2.03	   13.30	   166.64	  

2014	   10.32	   25.62	   12.50	   2.03	   13.28	   164.64	  

Area	  Change	   -‐0.03	   -‐0.40	   0.01	   0.00	   -‐0.02	   -‐2.00	  

Percent	  Change	   -‐0.24%	   -‐1.55%	   -‐0.03%	   -‐0.22%	   -‐0.16%	   -‐1.20%	  
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CHAPTER 5 

DISCUSSION 

The negligible change observed in Ciénaga de Zapata’s coastal mangrove stands between 

1994 and 2014 confirms the project hypothesis and suggests that the legal protection afforded the 

swamp by its national park and UNESCO Biosphere Reserve statuses (Ellis 2013; UNESCO 

2003) has mitigated Zapata’s exposure to drivers of deforestation and destruction that have 

plagued other Caribbean mangrove forests in recent years (Steinberg 2015; Rhine 2013; Valiela 

et al. 2001). 

 Particularly encouraging are the minimal decreases of mangrove habitat in the respective 

domains of Zapata’s Cuban crocodile (Crocodylus rhombifer) and various sport fish species, as 

habitat loss and degradation represent the most significant threats to these game fish species 

(Adams and Cooke 2015). In delineating these habitat zones, park officials demonstrated that 

each area and the mangroves within it were of importance to Ciénaga de Zapata’s nominal 

ecological function. Quantifying mangrove change at only the swamp-wide level would risk 

obscuring micro-scale dynamics of ecological importance to individual species, but 

disaggregating the analysis by these ecologically relevant zones mitigated this potentially 

misleading implication of the modifiable areal unit problem (MAUP) in the study results 

(Openshaw 1996). 

 Zapata’s marginal decrease in mangrove cover stands in stark contrast to documented 

rates of global and regional mangrove decline. An estimated 35 percent of the world’s total 
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mangrove cover has been destroyed since 1980 (Valiela et al. 2001), and estimates of 

contemporary mangrove deforestation rates range between 1 percent and 8 percent annually 

(Polidoro et al. 2010). Caribbean mangrove area decreased by 24 percent between 1980 and 2005 

(FAO 2007), and Polidoro et al. (2010) identified the Caribbean as a geographic area of global 

concern in ongoing mangrove conservation efforts. Estimates of mangrove change dynamics in 

Cuba indicate marginal (between 1 and 2 percent) increases in mangrove cover for the island as a 

whole between 1980 and 2003 (FAO 2007; Suman 2003; Alongi 2002; Ellison and Farmsworth 

1996), but many of these estimates were derived using total forested area as a proxy for 

mangrove cover, and no published data exists documenting Cuban mangrove distribution since 

2003. However, forest cover loss maps generated by Hansen et al. (2013) display swaths of 

agriculture-driven deforestation immediately outside Zapata’s national park boundary. With 

mangrove deforestation rates projected to increase in the near future (Alongi 2002) with 

increasing pressures from growing coastal populations (Duke et al. 2007; Cohen et al. 1997) and 

global climate change (Alongi 2008; Gilman et al. 2008), this study’s results present essential 

baseline information against which to assess the resilience of Zapata’s mangrove ecosystems to 

these drivers of environmental degradation. 

Documented trends in Caribbean mangrove deforestation have often been attributed to 

anthropogenic drivers like infrastructural development (Rhine 2013) and waste contamination 

(Steinberg 2015; Alongi 2002). Zapata’s protected statuses preclude industrial, commercial, or 

residential development within the park and reserve boundaries (Ellis 2013), but nearby 

agriculture and development and associated waste and chemical runoff may have contributed to 

the swamp’s 1.20 percent decline in mangrove area between 1994 and 2014. However, the 
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spatial distribution of this decline in mangrove cover did not demonstrate any substantial 

correlation with proximity to agricultural or built-up land (see Figure 5). 

Ervin (2003) identified encroachment from anthropogenic land use along a protected 

area’s boundaries as one of the most important drivers of degradation within the protected area, 

but protected area size (Mora et al. 2006; Fernandes et al. 2005; Palumbi 2004; Friedlander et al. 

2003; Palumbi 1997) and connectivity (McLeod et al. 2008) have both been shown to insulate 

against these degradatory edge effects. Ciénaga de Zapata is the largest protected area in the 

Caribbean, measuring more than 6,000 square kilometers in unbroken area (Ellis 2013), 

substantially exceeding the 20-kilometer diameter threshold suggested by McLeod et al. (2008) 

as a benchmark for minimum protected area effectiveness. These results indicate that the extent 

and enforcement of Zapata’s protected statuses (Ellis 2013; UNESCO 2003) have largely 

protected the swamp’s mangrove ecosystems from both indirect drivers of degradation and direct 

drivers of deforestation between 1994 and 2014. 

 Local knowledge and the natural hazard literature indicate that hurricane damage may 

have played a larger role in shaping Zapata’s mangrove cover trends from 1994 to 2014 than did 

anthropogenic pressures. When park officials delineated habitat zones on the printed Google 

Earth basemap in February of 2016, they also indicated the approximate path taken through 

Ciénaga de Zapata by Hurricane Michelle, which killed 5 Cuban people and caused 

approximately $2 billion in damage to Cuban infrastructure in September of 2001 (Pielke et al. 

2003). As predicted, the change detection thematic map demonstrated a concentration of areas of 

mangrove decline within the swath of Hurricane Michelle’s path (see Figure 6). Cuba, including 

Ciénaga de Zapata, had previously been affected by storm surges associated with Hurricane 

Mitch in October of 1998, approximately one month after Hurricane Georges made landfall on 
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the eastern coast of Cuba in September of 1998, causing approximately $40 million in damages 

(Pielke et al. 2003). 

 Hurricane damage represents a common source of natural disturbance to Caribbean 

mangrove forests (Smith 1996), and mangrove forests have consistently measured higher 

mortality rates following hurricane damage than other types of tropical forests, with studies 

reporting a range of 36 to 85 percent mortality for mangroves versus a range of 4 to 39 percent 

for other tropical forest types (Baldwin et al. 2001). In describing the critical role that natural 

burn cycles played in maintaining Ciénaga de Zapata’s vegetation composition, Paez et al. 

(2005) observed that accumulations of dead wood in Zapata’s hurricane-damaged areas could 

fuel fires of excessive severity that would interrupt the burn cycle and create a window of 

opportunity for the introduction of invasive plant species. 

 However, hurricane-damaged mangrove forests have been shown to recover quickly, 

demonstrating little to no evidence of the destruction within one or two decades (Craighead and 

Gilbert 1962). In examining the succession of mixed Rhizophora mangle and Avicennia 

germinans fringes adjacent to Biscayne Bay in southern Florida following their destruction by 

Hurricane Andrew in 1992, McCoy et al. (1996) asserted that Rhizophora mangle trees 

demonstrated less destruction than did Avicennia germinans. In a separate study of the same 

area, Baldwin et al. (2001) found that succession in “moderately” damaged stands was 

dominated by the release of Rhizophora mangle advance recruits, producing regenerated stands 

that were primarily composed of Rhizophora mangle seedlings and trees. Stands that had been 

“severely” damaged succeeded with a more even representation of Rhizophora mangle and 

Avicennia germinans seedlings. 
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The two species’ physiological differences entail branching ecological implications 

(Spalding et al. 2014; Hogarth 2007; Tomlinson 1986), and future research should examine 

Zapata’s mangrove cover trends at finer temporal scales toward a fuller understanding of post-

hurricane change dynamics and implications within the swamp. The analysis of satellite imagery 

captured within shorter time intervals before and after Hurricanes Georges, Mitch, and Michelle 

would document the immediate impacts of the respective storms on the areal extent of Ciénaga 

de Zapata’s mangroves. Additionally, remotely sensed data of higher spatial detail than the 30-

meter resolution offered by Landsat products has been used to successfully examine historical 

changes in species composition within mixed Rhizophora mangle and Avicennia germinans 

forests (Van et al. 2015; Kovacs et al. 2005), and the application of similar data products to 

Zapata would provide a quantitative depiction of interspecies trends in the swamp’s post-

hurricane mangrove succession. 

Indeed, the relatively coarse spatial resolution of the satellite imagery used for this study 

presents a notable limitation to the research’s management implications. While the utility of 

using 30-meter Landsat data in vegetation change studies has been thoroughly asserted 

(Lillesand et al. 2015; Heumann 2011; Green et al. 1998) and demonstrated (Klemas 2001; 

Kovacs et al. 2001) in the remote sensing literature, Manson et al. (2001) cautioned that 

mangrove fringes smaller than the image’s pixel size can introduce error through the omission of 

these sparse mangrove formations in the classified thematic map. With Alongi (2002) noting that 

indirect anthropogenic pressures like waste runoff often impact mangrove stands at relatively 

subtle spatial scales, this study may have failed to recognize any mangrove degradation that 

might have occurred at spatial scales below 30 meters. 
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CHAPTER 6 
 

CONCLUSION 

Historical analysis of Landsat data demonstrated that mixed Rhizophora mangle and 

Avicennia germinans cover in Ciénaga de Zapata, Cuba, decreased by 1.20 percent between 1994 

and 2014, from 166.64 square kilometers in 1994 to 164.64 square kilometers in 2014. Mangrove 

change within the habitat zones of some of Zapata’s most ecologically and economically 

important species was similarly minimal, ranging from maximum and minimum percentage 

decreases of 1.55 percent and 0.03 percent in the tarpon (Megalops atlanticus) and permit 

(Trachinotus falcatus) habitats, respectively. 

 These results offer encouraging corroboration, tempered as it is by the limitations of the 

spatial resolution at which the analysis was performed, for the historical effectiveness of 

Zapata’s protected statuses in preserving the swamp’s mangroves and associated marine and 

terrestrial ecosystems. More importantly, however, this study provides necessary baseline 

information on the cusp of a period of potentially substantial social, political, and economic 

change for Cuba. 

Cuban GDP per capita in 2015 was approximately the same as it was in 1985 

(Dominguez 2015). However, since U.S. President Barack Obama’s announcement in December 

of 2014 that the United States and Cuba would work to restore diplomatic and economic 

relations, each country has pledged to reopen an embassy in its counterpart’s capital city. 

Throughout 2015 and 2016 the United States eased economic sanctions against Cuba, gradually 
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allowing U.S. companies, including airplane and cruise ship lines, to conduct business in the 

island nation (Harrell 2016; U.S. Department of Treasury 2016).  

The inauguration of U.S. President Donald Trump in January of 2017 introduces 

ambiguity to the future direction and pace of the normalization efforts initiated by President 

Barack Obama (Harrell 2016). However, continued easement of economic sanctions could 

substantially increase the rate of tourism- and industry-related development in areas adjoining 

Ciénaga de Zapata during the next five to ten years (Harrell 2016), and coastal development 

represents one of the most significant drivers of mangrove destruction worldwide (Alongi 2002; 

Valiela et al. 2001). Even if its protected statuses largely insulate Zapata from development-

related deforestation and pollution, the swamp’s mangroves will face increased pressures 

resulting from the effects of global climate change (Polidoro et al. 2010; Alongi 2008), the most 

threatening of which is sea level rise (Gilman et al. 2008). Future research must build on these 

results and past estimates of Ciénaga de Zapata’s mangrove extent and distribution to monitor 

the ongoing management of this critical coastal ecosystem, and this study provides crucial 

baseline information with which to assess the future resilience and response of Zapata’s 

mangrove ecosystems to these drivers of environmental degradation. 
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Figure 1. Map of Ciénaga de Zapata and park boundaries 
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Figure	  2. Map of Ciénaga de Zapata habitat zones 
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Figure	  3. Map of total mangrove cover for the study area in 1994 
	  



	   30	   	  

Figure	  4. Map of total mangrove cover for the study area in 2014  
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Figure	  5. Map of mangrove extent change from 1994 to 2014 
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Figure	  6.	  Detail	  of	  mangrove	  decline	  in	  2001	  path	  of	  Hurricane	  Michelle	  
	  

	  


