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Summary 
 

In 2013, the Haitian government designated a new Marine Protected Area (MPA) in the 
northeast coast of Haiti, called the Three Bays National Park (3BNP). The protected 
area encompasses three bays: Limonade, Caracol, and Fort Liberté, as well as one of 
the largest inland brackish water lagoons ï the Important Bird Area (IBA) of Lagon aux 
Boeufs ï covering an area of 75,618ha. To date, there are very few peer-reviewed 
papers or gray literature describing the ecosystems within 3BNP. The Nature 
Conservancy was contracted by the Inter-American Development Bank (IDB) to conduct 
an ecological assessment of 3BNP. The main objective of this consultation is to provide 
assistance to the Ministry of Environment by conducting a detailed biological inventory 
of the marine and coastal resources of the Park and developing a biodiversity database.  
 
The Three Bays National Park (both shallow marine and coastal terrestrial areas) was 
mapped from recent high resolution satellite imagery and ArcGIS to provide a detailed 
and up-to-date characterization of the spatial extent and distribution of the different 
terrestrial and marine benthic habitats. The Park was further subdivided into 8 sub-
regions which separate watersheds, bays, and offshore areas.  Extensive surveys by 
scientific specialists were then carried out across these different habitats and sub-
regions to characterize the terrestrial flora and fauna, freshwater fauna, and marine flora 
and fauna.  
 
Although there have been significant human interventions within 3BNP over the years, 
there remains biologically significant flora and fauna within the Park.  Extensive land 
clearing and deforestation over many centuries have greatly reduced the extent and 
qualiliy of terrestrial and freshwater riparian habitats.  Despite this, we documented one 
hundred and seventy-nine (179) native vascular plant species throughout the Park 
including five (5) IUCN Redlisted (endangered) plant species. Plant diversity was the 
lowest in Human Altered areas, which was characterized by weedy, non-native species 
including a number of invasives. In contrast, most of the native species, including the 
Redlisted plant species, were observed in portions of the Fort Liberté Peninsula with 
relatively intact Dry Broadleaf Evergreen-Shrubland habitat. The third class, Acacia 
farnesiana Shrubland, is essentially a monoculture of a single species with remnant 
populations of other weedy and invasive species. Acacia farnesiana is considered a an 
invasive species here as it aggressivley spreads into other vegetation types, reducing 
the biodiversity of those areas. 
 
Three Bays National Park contains one of the largest intact stands of mangrove forest 
and coastal wetlands in the country of Haiti (Aube and Caron 2001) comprising some 
4,274ha of mangroves. A total of 37 wetland plant taxa were observed within the Parkôs 
coastal mangrove systems. The mangrove system of the Caracol Bay was the largest 
and most structurally complex in 3BNP. The highest wetland plant diversity occurred at 
the western boundary of the Park near the mouth of Grande Riviere du Nord.  
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The terrestrial fauna of 3BNP has also been affected by the human habitat conversion 
but also directly by the introduction of predators. Invasive species which are well 
established and widespread in 3BNP include the Small Indian Mongoose (Herpestes 
auropunctatus), the Feral Cat (Felis catus), rats (Rattus spp.), the Cane Toad (Rhinella 
marina) and the Bullfrog (Lithobates catesbeianus).   
 
Surveys of the coastal land areas documented ninety-five (95) species of birds with 22 
of these being non-breeding migrants. Resident rare birds observed included the 
Hispaniolan Parrots (Amazona ventralis), flamingoes (Phoenicopterus ruber), Roseate 
Spoonbills (Platalea ajaja) and White Ibises (Eudocimus albus). The amphibian 
community, once rich with native skinks and geckos is now dominated by introduced 
species. Surveys found only four (4) species of amphibians, and eleven (11) species of 
reptiles many of which were not native.  
 
The freshwater drainages that pass through the Park have been frequently utilized for 
fishing, bathing, and sand mining, and waste disposal. Unlike other large-river systems 
in the Caribbean, freshwater flows remain fairly intact though dynamic and polluted. 
There are no major dams and hydrological diversions for agriculture or flood control are 
not commonplace within the four principal watersheds. Our surveys documented a total 
of forty-seven (47) animal taxa, including fourteen (14) species of fish and thirty-three 
(33) species of invertebrates. Fishes included one endemic limia (Limia pauciradiata) 
thought to only occur within the Park. Among the invertebrates, all were native species 
except three (3) invasive snails. Management efforts within 3BNP should prioritize 
reducing impacts such as water pollution and restoring native riparian habitat structure 
within these highly threatened freshwater systems.  
 
The highest animal and plant species diversity was found within the shallow marine 
waters of 3BNP.  A total of three hundred and one (301) different species of marine 
sessile- and motile-benthic organisms were identified including one hundred and forty-
nine (149) species of sponges, fifty-one (51) species of hard coral, forty-three (43) 
species of octocorals, and twenty-one (21) species of echinoderms. For marine fishes, a 
total of one hundred and eighty-three (183) different species of fish were identified 
within the Park waters including 1 endemic serrandae (Hypoplectrus) found only in Fort 
Liberté bay. The marine species richness documented in 3BNP is similar to what has 
been found on other Greater Antillian islands of the Caribbean. The outer forereefs 
exhibited the greatest species diversity of benthic invertebrates and fish while the 
isolated mangrove embayments of western Caracol Bay displayed the lowest.  
 
Despite the moderately high overall species diversity occuring within the waters of 
3BNP, the area is strikingly depauperate of marine mammals (manatees, dolphins, 
whales), sea turtles, elasmobranchs (sharks), and larger-bodied groupers and 
snappers. None of these species were directly documented during hundreds of 
cummulative observer hours under water. These slow growing and large-bodies species 
are likely now ecologically extinct (e.g., non breeding populations) within the Park. 
However, fisherman reports and anecdotal evidence do suggest that individuals sea 
turtles, dolphins, and whales and some large-bodied fishes (e.g., Nassau grouper, Black 
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grouper, Tarpon) do show up from time to time within 3BNP and are  occasionally 
caught by local fishermen (ReefCheck 2015; FoProBiM 2015, 2016). Severe and 
chronic fishing pressure within and around the Park over many decades has eliminated 
them functionally from the foodweb. As a result, the trophic structure of the reef fishes 
has shifted towards smaller-bodied, quickly reproducing species. With management and 
regulated enforcement, there is a high likelihood that these absent species could be 
recovered within a decade or less.  
 
In summary, the biodiversity inventories of 3BNP have revealed that significant species 
richness remains in each of the three major ecosystems including a large number of 
total species, as well as some that are rare and endemic to the area.  These species 
and their habitats provide essential services to the communities around the Park and 
have the potential to be the basis for future ecotourism developments. Extensive human 
use going back hundreds of years has removed or seriously depleted a number of 
native species from the area, while threats put the remaining species and their intact 
habitats at risk (see separate 3BNP Threat Assessment report).  Essential to the 
continued persistence of the remaining biodiversity is the preservation of remaining 
intact habitats and the establishment of a functioning park with a management plan, 
zoning, and enforcement to regulate human use within the Park boundaries. 
 
The information developed as part of this baseline ecological assessment is designed to 
inform the management planning and zoning plan for 3BNP. All of the information will 
be made available in standardized digital format.  GIS maps of terrestrial and benthic 
habitats along with mapped and modeled threats (Kramer et al. 2016) provide a 
standardized and up-to-date baseline for the Park. All documented species occurences 
encountered during the field surveys have been published into a standardized 
biodiversity systematics database (Darwin Core Archive) (http://tools.gbif.org/dwca-
assistant/). It is our hope that this information will form the beginning of a 
comprehensive ecological database for 3BNP that can be used to guide decision 
making as well as future scientific studies for the area.    

  

http://tools.gbif.org/dwca-assistant/
http://tools.gbif.org/dwca-assistant/
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Introduction 
 
In 2013, the Haitian government designated a a Marine Protected Area (MPA) in the 
northeast coast of Haiti, called ñThree Bays National Park (3BNP)ò. The northeast coast 
of Haiti is part of a marine ecosystem of regional importance and a high priority for 
biological resource conservation. It is a zone with elevated indices of biodiversity 
centered on the bays of Caracol, Limonade, and Fort Liberté (Figure 1). The three large 
bays together with the brackish lagoon, Lagon aux Boeufs, form the core of Haitiôs 
biggest marine protected area. The Park boundary extends from the Western edge of 
Grande Rivière du Nord east for over 40km to the border with the Dominican Republic. 
The seaward edge of the Park extends from the 12-mile territorial sea limit inland up to 
the 10m topographic contour line.  The Park encompasses one of the largest mangrove 
forests in Haiti(approximately 4,274ha) and represents about 18% of Haitiôs remaining 
mangroves. The Park also includes the largest barrier coral reef on the north coast of 
Haiti stretching for over 20km mainly along the seaward edge of Caracol Bay. In 
addition, a rich 20 km length of fringing reef occurs on either side of the mouth of Fort 
Liberté Bay to the Haitian/Dominican border. The total coral reef complex (Holocene 
reef build-ups) of 3BNP is estimated at 1,100ha or about 10% of the shallow (<30m) 
shelf area. The protected bays, mangroves, sea grass beds, and reefs of 3BNP are 
important spawning and nursery areas for fish, mollusks, and crustaceans; many of 
these species serve as important sources of protein for local communities. These 
habitats also protect the northern shoreline from erosion, wave action, and storm 
surges. Three Bays National Park provides an important habitat for endangered and 
rare species including turtles and manatees, and provides important inputs for offshore 
marine ecosystems because organic productivity is high. The main habitats of the Park 
surveyed included terrestrial, mangroves, inland fresh water, and marine environments 
(Table 1). 
 

Table 1. Land area (ha) of different habitats surveyed within Three 
Bays National Park.  

Category Hectares 
Terrestrial 16,677 

Mangroves 4,274 

Freshwater 412 

Shallow Marine (<30m) 10,657 

Deep Marine (>30m) 43,386 

TOTAL 75,406 
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Figure 1. Map of Three Bays National Park (3BNP) 

 
The Nature Conservancy has been contracted by the Inter-American Development 
Bank (IDB) to conduct an ecological assessment of the Three Bays National Park. The 
main objective of this consultation is to provide assistance to the Ministry of 
Environment by developing a database of terrestrial, marine, and coastal resources. 

 
Physical Setting of Three Bays National Park 
 
Three Bays National Park is situated in the north central coast of the island of 
Hispaniola, commencing in the west at the national border between the countries of 
Haiti and the Dominican Republic and extending east to the Grande Rivière du Nord.  
The heart of the Park consists of the extensive mangrove forests and highly productive 
waters of Limonade, Caracol, and Fort Liberté Bays which support extensive artisanal 
fishing in the area.  The Park also includes a coastal land strip (3-10km wide) that 
encompasses the lowermost drainages of four watersheds carrying water and sediment 
from the adjacent Massif du Nord Mountains.  Offshore, the Park boundary follows the 
exclusive economic zone (EEZ) boundary (5-40km off the coastline) of the Windward 
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Passage and includes deep canyons with depths in excess of 1,000m associated with 
the tectonically active Septentrional fault (Figure 2). 
 
Geology: Since the late Miocene period, the island of Hispaniola has been strongly 
influenced by the boundary between the North American and Caribbean plates (Figure 
3).  Much of Hispaniola sits on the Hispaniola Micro Plate marked in the north by the 
Septentrional fault. The ongoing strike slip movement along the Septentrional fault, 
measured at rates of 8-10mm/year (Mann et al. 2002), has heavily influenced the 
geomorphology of Haitiôs north coast and continues to create significant seismic 
hazards for the area. Numerous earthquakes have been recorded in the area. As 
recently as 1842, a major earthquake destroyed most of the structures in Cap-Haïtien 
along with half its population at the time. Folding and upthrust associated with the 
Septentrional fault has produced an extensive mountain chain all along the northern 
coast of Hispaniola. In Haiti, these mountains are known as the rugged Massif du Nord 
Mountains, which rise up abruptly from the coast to elevations in excess of 1,000m.  
Over millions of years, runoff and erosion from these mountains has transported huge 
volumes of siliciclastic detritus down to the north coast forming a wide flat plain between 
the towns of Cap-Haïtien and Monte Christi called the Northern Plain. 
 

 
Figure 3. Regional plate tectonics affecting Hispaniola. 

 
The geology of the majority of 3BNP land area consists of alluvial detritus which form 
particularly rich farming soils in and around the present day rivers.  Around Fort Liberté 
and Lagon aux Boeufs, an uplifted terrace (up to 10m above MSL) of coral reef 
limestone occurs which is distinctly different than the detrital sediments found across 
most of the Northern Plain. This Plio-Pleistocene limestone reef terrace is composed of 
coral fragments that are loosely cemented and in places are mixed with fine red 
siliciclastic clay. Two distinctive low hills (named Morne Deux Mamelles by Columbus) 
represent post-Eocene intrusions of andesite and granite that occur along a secondary 
fault line that trends NW-SE (Figure 4). These igneous intrusions are much harder than 
the surrounding limestone and are thought to have had a major influence on the recent 
erosional and depositional history of the area. 
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Figure 4. Principal geological units of Northeastern Haiti. 

 
Climatology: Northern Haiti enjoys a warm and humid tropical climate year round with 
temperatures ranging from 23°C to 35°C, with January being the coolest month and July 
the warmest. Shallow lagoons like Lagon aux Boeufs will closely track air temperatures 
whereas coastal bays show significantly less daily and annual variation (Figure 5). 
Winds are strongly influenced by the local mountainous terrain, creating daily anabatic 
winds that begin around 10:00am and die down after 9:00pm. Year round wind direction 
is almost always from the north to north east with an average speed of 3.3m/s.  Rainfall 
averages about 1,600mm per year with two distinct wet periods from May-June and 
October-December, accounting for about two-thirds of the annual amount.  The west 
side of the Park  receives about 25% more rainfall than the east side resulting a two 
distinct climates.  
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Figure 5. Water temperature time series data for 4 months (Sept-Dec 2015) for Lagon 
aux Boeufs (LaB), Fort Liberté (FL), and Limonade (L)  

 
Hydrology: There are four principle watersheds that drain into the Park: Grande Rivière 
du Nord, Rivière Trou du Nord, Rivière Marion, and Rivière Jassa (Figure 6). 
 
 
 
 
 
 
 

Figure 6. Entire watershed boundary of four principle water drainage basins, 
including Three Bays National Park. 

 
The area, mean annual precipitation, and approximate rate of discharge for each of the 
four watersheds are shown in Table 2. The Grande Rivière du Nord accounts for nearly 
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two-thirds of the total freshwater discharge and is large enough to flow year round, 
including the dry season. In contrast, the other watersheds are smaller and during 
extended periods without precipitation may run completely dry in their lower reaches. 
The steep deforested slopes of the upper portions of all the watersheds allow for very 
rapid and high flow discharges following storm events. High rainfall events cause 
hazardous flash flooding conditions and the movement of large volumes of sediment. In 
the lower reaches of the watersheds that cross the Northern Plain, the riverbeds and 
river mouths may shift around from year to year building deltas where they enter the 
bays. 
 
Table 2. Four principle watersheds of 3BNP and their characteristics: area (ha), annual precipitation 
(mm), and approximate average annual discharge (m

3
/sec). 

Watershed 
Area 
(ha) 

Mean Annual 
Precipitation (mm) 

Average Discharge 
(m3/sec)* 

Grande Rivière du Nord 62,746 1,743 17 

Rivière Marion 21,803 1,361 5 

Rivière Trou du Nord 42,830 1,217 8 

Rivière Jassa 43,421 1,350 9 
*Relative discharge calculated with a fixed infiltration/evapotranspiration coefficient of 0.5. 

 
Tides and Currents: The tidal range for 3BNP averages 0.5m and occurs as a mixed 
semidiurnal frequency every 24 hours (Figure 7).  The first tide is about 30% higher and 
lower than the second tide. Water levels are highest during the fall months (October-
November) associated with the warmest water temperatures, and are lowest in the 
spring (March-April).  Offshore, the Windward Passage acts as an important gateway 
between the northern Atlantic and Caribbean seas. Hydrography studies have found 
that surface waters (0-600m) generally move at low to moderate speeds of 10-20cm/s, 
with net transport from east to west.  Meanwhile, lower layers of the water column 
(>600m) have been shown to move the opposite direction at speeds of 20-40cm/s (John 
et al., 2004). Within Caracol Bay, circulation is mainly influenced by tides and the daily 
onshore wind out of the northeast.  Along shore movement occurs to the west near 
Limonade Bay, but further to the east flow shifts eastward and out through the Caracol 
Channel. In Fort Liberté, circulation is mainly driven by the daily tides. Water visibility is 
generally less than 15m within the bays of Fort Liberté and Caracol. In Lagon aux 
Boeufs, a brackish water lake connected intermittently to the sea, visibility is less than 
1m due to high concentrations of chlorophyll in the water column. Tides in Lagon aux 
Boeufs are nearly absent (~10 cm daily variation) due to the distance from the 
Massacre river mouth (~4 km) and lag behind the coastal areas by 2-3 hours (Figure 7).   
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Figure 7. Water Level time series data for 4 days December, 2015) for Lagon aux Boeufs (LaB), Fort 
Liberte (FL), and Limonade (L)  

 
The Caracol barrier reef and the evolution of the bays of 3BNP: The Caracol barrier reef 
runs along the outer edge of Caracol Bay for ~20km and is bisected by a deep 
paleoriver channel (Caracol Channel). As the longest, most continuous barrier reef on 
the north coast of Hispaniola, it stands out distinctly from the fringing and intermittent 
reefs found elsewhere in the area. The Caracol barrier reef is postulated to have once 
been a fringing reef similar to that found along the coast of Fort Liberté and that fluvial 
erosional processes coupled with continued coral growth along the margin are largely 
responsible for its present shape. The Fort Liberté limestone reef terrace may have 
once extended much further west towards Cap-Haïtien and provided the seaward 
foundation for the fringing reef. During periods when sea level fell up to 100m, a 
destructional phase was established (Figure 8). Extensive alluvial erosion particularly 
during the Pliocene is thought to have removed much of the original limestone terrace 
and carved out Caracol and Fort Liberté Bays, and also east of Lagon aux Boeufs 
around the Massacre river drainage. Discharges and erosion were considerably higher 
in the western portions of Caracol Bay due to the greater precipitation and size of the 
watersheds. Eocene aged igneous intrusions underlying Morne Les Deux Mammelles 
along the western edge of Fort Liberté Bay likely influenced fluvial pathways and 
reduced erosion on the eastern side of Lagon aux Boeufs. The resulting the degree of 
limestone removal in Fort Liberté and around the western side of Lagon aux Boeufs is 
substantially less than Caracol Bay. The outer edge of Caracol Bay, now marked by a 
barrier reef, remained largely intact during erosional periods due to the greater degree 
of cementation and hardness associated with reef growth on the margin during sea level 
high stands.  
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Figure 8. Schematic diagram showing destruction, (A) to (C), and construction, (D) to (F) of 
coastal features influenced by fluvial processes during sea level low stands (SL low stand) and 
high stands (SL high stand).  The Caracol barrier reef is thought to represent the remnants of a 
once more extensive Pliocene-aged limestone reef terrace found today in front of Fort Liberté 
(G). 

 



 

19 

Previous Ecological Studies in Haiti 
 
To date, there have only been limited peer-reviewed papers or gray literature on the 
different ecosystems within 3BNP. Thus, with the intention of better defining park 
resources, facilitating strategic planning, and mitigating the impacts of a new industrial 
park on the natural resources, an ecological baseline was commissioned by the Inter-
American Development Bank (IDB). Wiener et al. (2013) conducted a rapid ecological 
assessment (also commissioned by IDB) of the lower reaches of the Rivière Trou du 
Nord within 3BNP boundaries that included sampling of fish and invertebrates. Other 
recent biological inventories (either direct observation or interviews of fisherman) 
include those of FoProBiM (2015) and ReefCheck (2014). To our knowledge, no 
additional studies have been conducted on aquatic animals in 3BNP. However, there is 
a substantial literature on collections of fish and invertebrates made in Haiti that are 
described in the rich taxonomic literature covering the Caribbean region. Much of this 
literature is exclusively taxonomic, but some studies contain useful ecological 
information. 
 
Marine communities have been dramatically changing throughout the Caribbean. 
Magnitude of change is difficult to assess due to the lack of baseline and long-term data 
in the region. Haiti, part of the Greater Antilles region, is a country which lacks baseline 
data of marine ecosystems and the few qualitative and quantitative assessments 
conducted have focused only on coral reef habitats. Information is lacking for seagrass 
and mangrove communities. In 1927, William Beebe, the first ecologist to visit Haiti 
assessed the marine environments in the Bay of Port-au-Prince (Beebe 1928). This 
expedition was undertaken by the Department of Tropical Research of the New York 
Zoological Society. Beebe (1928) study was generally qualitative accounts of the coral 
reef ecosystems. Their main objectives were to prepare a list of fish species present in 
coastal waters and to obtain photographs of the coral reef life. They recorded the coral 
reefs to be full of life, with high abundances of fish and corals. They observed 270 
different fish species in just the bay alone. Historically, Haitian people have heavily 
relied on natural resources, especially the resources from the sea and overfishing was 
evident in 1983 when Jacques Cousteau visited Haiti. In Cousteauôs documentary, he 
recorded a low abundance of reef fish at all coral reef sites visited. Overfishing, 
especially of parrotfish, has been well documented at many other locations in Haiti (Hay 
1984, Reef Check 2003). 
 
Most quantitative studies on coral reefs have focused surveys around Navassa Island 
(Miller and Gerstner 2002, Miller 2003, Miller et al. 2003, 2007, 2008), which is a small 
(4.64km2), uninhabited, offshore island (56km west of Haiti) under the jurisdiction of the 
U.S. Fish and Wildlife Service. In the past decade there have been many shifts 
occurring on the coral reefs around the island. The most prominent change has been 
the coral-macroalgal phase shift. As of 2008, the most prolific benthic substrate on reefs 
around Navassa Island was macroalgae. Macroalgal cover of 40% was common on 
most reefs and some reefs exhibited a cover as high as 70%. Coral decline, as high as 
28% was observed at deeper reefs and this was possibly due to the prevalence of 
disease observed in 2004 and bleaching of corals in 2005. Coral cover on shallower 
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reefs (<30m) remained steady, with coral cover ranging from 10% to 25% (Miller et al. 
2008). 
 
More recently on mainland Haiti, Reef Check has carried out quantitative surveys at a 
number of coral reefs (totaling 400), which spanned around 95% of the entire coastline. 
Total mean coral cover observed in their surveys was 15%, while macroalgal cover was 
doubled at 30%. They observed the healthiest reefs (i.e. higher coral cover and fish 
abundance) to be located at Petite-Trou-de-Nippes and Anse-dôAzur, both close to 
Jeremie on the far west coast of Haiti. Coral cover at both reefs reached as high as 
90%. Coral composition was dominated by critically threatened coral species, such as 
Acropora and Orbicella species. Fish populations were low at all sites surveyed by Reef 
Check, ranging from 0.5-5individuals/m2. Grunts (Haemulidae) were the most observed 
family of fish, followed by snappers (Lutjanidae).  
 
Hay (1984) assessed the herbivory of sea urchins and fish on overfished reefs, which 
included Caracol Bay and less fished reefs. In Caracol Bay, he observed sea urchin 
densities, particularly the black long-spined sea urchin, Diadema antillarum, to be as 
high as 20 individuals/m2.  
 
In 2013, Reef Check carried out 12 quantitative surveys in 3BNP, 83% of the sites were 
located within the bay of Fort Liberté. In their surveys, they identified 25 species of hard 
corals, with 88% of the coral species identified in Fort Liberté, and 60% of coral species 
identified in Caracol. The most frequent corals observed in 3BNP were Porites 
astreoides, Siderastrea siderea and P. porites. Critically threatened and/or endangered 
corals such as Acropora palmata, A. cervicornis, Orbicella annularis and O. faveolata 
were only observed at sites along the channel and directly outside the bay of Fort 
Liberté. In Caracol, acroporids were not observed and O. faveolata and O. annularis 
were observed along the northeast channel. Other sessile-benthic organisms counted 
included nine species of echinoderms, three species of cnidarians and one species of 
octocorals. Species of sponges were not identified.  
 
Fishing communities outline all of these bays, however the largest fishing community is 
located in Caracol Bay. In 2009, ReeFIX estimated that the total ecosystem services for 
the mangroves and coral reefs in Caracol Bay were at US $109,733,000; however, a 
continuation of that study in 2013 found the value to actually be closer to US 
$3,246,000,000. The marine ecosystems of 3BNP have high ecological and economic 
importance and therefore are high priority for resource conservation and management. 
Even though 3BNP is considered an area of high diversity, there has not been an official 
species inventory conducted within park boundaries. There is data lacking on the 
presence of many important sessile-benthic organisms, such as sponges and 
octocorals. Moreover, there have only been coral reef surveys conducted within 3BNP, 
other marine ecosystems such as seagrass and mangroves have not been surveyed for 
benthic organisms. 
 

The Three Bays National Park represents the largest intact area of mangrove and 
coastal wetlands in the country of Haiti (Aube and Caron 2001). A law was passed in 
2013 to provide protection to all of Haitiôs mangroves. However, despite the efforts to 
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protect these critical habitats, the mangroves of 3BNP are under increasing pressure 
from a host of threats including cutting and harvesting for fuel wood, clearing for 
agriculture and salt mining, development and industry, and associated point and non-
point source pollution. Providing irreplaceable habitat to countless ecologically and 
economically important organisms, 3BNP is critical to the people of Haiti and their 
livelihoods.  
 
The major published taxonomic work on freshwater fish species in the region is Atlas of 
North American Freshwater Fishes, 1983 Supplement by Lee et al. (1983) which 
focuses on the Greater Antilles. It provides details on collection records from Hispaniola 
and nearby islands. The comprehensive more recent Check List of the Freshwater 
Fishes of South and Central America edited by Reis et al. (2003) provides updated 
taxonomic information for the region. The online www.fishbase.org is perhaps the best 
resource for searches of the global literature on fish. The Freshwater and Terrestrial 
Decapod Crustaceans of the West Indies with Special Reference to Dominica (Chace 
and Hobbs 1969) is the major modern published work providing a synthesis of the early 
literature from the region. It represents the taxonomic, and to some extent ecological, 
basis for most subsequent aquatic decapod studies. Particularly relevant publications 
include the updated checklist of freshwater decapod records for Puerto Rico by Pérez-
Reyes et al. (2013) which includes an extensive reference list, and several studies on 
freshwater crustaceans on other islands and areas in the broader Caribbean region 
(e.g. Hart 1961; Rodriguez and Williams 1995; Smith and Wier 1999; Debrot 2003; 
Pérez-Gelabert 2008; Torati et al. 2011; Pérez-Reyes 2015). Finally, Pérez (2008) 
provides a comprehensive checklist and bibliography for all arthropod taxa reported 
from Haiti and the Dominican Republic, most of which are terrestrial but aquatic taxa are 
included. 
 
The major relevant literature on mollusks is more limited than that for the crustaceans. 
However, two recent books provide excellent coverage of the region, and include keys 
and illustrations sufficient for identifying most of the taxa encountered in the present 
study, and perhaps likely to occur in 3BNP, as well as ecological information on most 
species: Guide to the Freshwater Molluscs of the Lesser Antilles (Pointier 2008) and 
Guide to the Freshwater Molluscs of Cuba (Pointier et al. 2005). These volumes also 
contain useful reference lists. 
 

Assessing the Biodiversity of 3BNP 
 

The preliminary inventory and assessment of the biodiversity within 3BNP emphasized 
inventoring the most common taxa representing the more visible and charasmatic flora 
and fauna thought to occur in the area.  The target taxa included: (I) Terrestrial plants; 
(II) Mangroves and Wetlands; (III) Terestrial Vertebrates (Mammals, Reptiles, 
Amphibians) and Birds; (VI) Freshwater Fish and Invertebrates; (V) Marine Benthic 
Invertebrates; (VI) Marine Fish.  Lead scientists for each of the target taxa were 
contracted by TNC to provide assessments for Caracol Bay, Fort Liberte, and the wider 
3BNP including Lagon Aux Boeufs. Each team conducted up to two trips to 3BNP over 
a six month period (June-November, 2015) to make on-the-ground observations and 
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species inventories. Attempts were made to have individual surveys overlap to the 
extent possible to reduce costs and simplify logistical challenges of conducting field 
work in Haiti. Individual sampling plans for the area were developed based on desktop 
reviews of previous work and examination of satellite imagery. 

 

To help guide sampling and reporting strategies for each team, the 3BNP area was 

divided into eight (8) regional subdivision zones based on geomorphology as defined by 

Kramer et al. (2016) (Figure 8). Zones 1 and 2 include the commune of Limonade (Bord 

de Mer de Limonade), comprising the eastern banks of the Grande Rivière du Nord, its 

watershed, and Limonade Bay; Zones 3 and 4 include the Commune of Caracol and 

Terrier Rouge, and Caracol Bay; Zones 5 and 6 include FortȤLiberté and Ferrier, and 

Fort Liberté Bay; Zone 7 includes Lagon aux Boeufs, a brackish lake of 450ha in the 

Commune of Ferrier (this brackish lake is hydrologically linked to Rivière du Massacre, 

corresponding with the HaitiȤDominican Republic border); finally, Zone 8 covers the 

offshore section of the Park and is not included in this report because  we know that the 

vast majority of  (more than 90%) of marine biodiversity lies within the productive shelf 

areas (<30 m water depth), and the cost  to conduct deep water or open water scientific 

work which typically requires a specially equipped research vessel, is very expensive 

and beyond the scope of the current study. 

 

 
Figure 9: Map showing 8 subregions for 3BNP based on geomorphological and 

climatic differences of the área.  Subregions were used to help guide and stratify 

biodivesity surveys.  

 

Mapping of terrestrial and marine habitats: Patterns of species diversity are strongly 

correlated to the types, extent, and condition of terrestrial, freshwater, and marine 

habitats. Therefore, habitat maps are a critical component for designing species 

diversity sampling plans, charaterizing threats, and providing an overall baseline for 
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3BNP that can be used to inform management and zoning. Maps of portions of the 

North Coast of Haiti do exist and were syntheized as part of The Haiti North-east Coast 

Atlas published in 1997 (Ménanteau L. & Vanney J.-R., 1997). Land uses were 

classified into six classes and mapped using Landsat imagery.  Within the Park, the two 

most dominat land classeses were Dry Shrublands and Agriculture/Agroforestry. The 

shrublands classes did not distinguish between intact and undisturbed areas and 

distubed areas dominated by Acacia farensiana. The agricultural classes did not 

capture the more recent expansion of larger-scale agricutural plantations. 
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Figure 10. Map of terrestrial land cover and simplified shallow water benthic habitat classes of the Three Bays National Park. 
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As part of the baseline ecological assessment, we developed a more recent and refined 
map of the vegetation types using Landsat 8 imagery acquired in October 2014. The 
imagery was classified using ENVI 5.2 into primary land cover types including forest, 
scrub/shrub, savanna, barren, and human uses. An atmospheric correction and 
supervised classification was performed using a maximum likelihood classifying 
algorithm. Land cover types, such as urban and agriculture, areas were manually 
digitized and integrated into the classification product. A total of 53 groundtruthing 
points were collected across the major habitat classes: Agriculture, Acacia farensiana 
Shrubland, Dry Broadleaf Evergreen Formation (DBEF) with Acacia, DBEF with 
Shrubland, Salt Pond, and Barren. The total area of each of these land cover types by 
watershed can be seen in Table 3. Table 4 reports the land cover total area and 
percentages. When comparing the field points to the land cover map, only 8 out of the 
53 points were misclassified resulting in 85% accuracy. 
 

Table 3. Land cover and distribution within each watershed that drains into the Three Bays 
National Park, including the area within the Park itself. 

Grande Rivière du Nord watershed 
(627km2) 

Rivière Trou du Nord watershed 
(428km2) 

Class Hectares Class Hectares 

Agriculture 1,954 Agriculture 1,954 

Barren 1,186 Barren 1,186 

Dwellings 34,095 (points) Dwellings 34,095 
(points) 

Forest 25,572 Forest 25,572 

Mining 11 Mining 11 

Road 720 (km) Road 720 (km) 

Salt Ponds 0 Salt Ponds 0 

Savanna 9,573 Savanna 9,573 

Scrub/Shrub 18,696 Scrub/Shrub 18,696 

 

Rivière Marion watershed (218km2) Rivière Jassa watershed (434km2) 

Class Hectares Class Hectares 

Agriculture 1,101 Agriculture 1,101 

Barren 427 Barren 427 

Dwellings 9,429 (points) Dwellings 9,429 (points) 

Forest 7,728 Forest 7,728 

Mining 4 Mining 4 

Road 487 (km) Road 487 (km) 

Salt Ponds 10 Salt Ponds 10 

Savanna 5,322 Savanna 5,322 

Scrub/Shrub 5,319 Scrub/Shrub 5,319 

 
Similarly, there have been previous attempts to develop marine benthic habitat maps 
and bathymetric maps for portions of 3BNP. The Haiti North-east Coast Atlas did classify 
and map several shallow marine habitats including reefs and mangroves using SPOT 
imagery (Ménanteau L. & Vanney J.-R., 1997). However, the classes were very broad 
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and did not distinguish between different reef types, hardbottoms, and other types of 
benthic cover (gorgonians, seagrasses, sand). ReefCheck (2013) also developed hand-
drawn benthic habitat maps that identified rare corals (e.g., Acropora palmata) around 
Fort Liberte and Caracol based on towed surveys conducted in 2013. However, these 
maps were not georeferenced and did not cover the entire 3BNP.   
 
The Nature Conservancy acquired high resolution World View Satellite imagery of the 
area from 2014 and conducted groundtruthing via small boats using drop camera, 
fathometer, and a drone. TNC then contracted Dr. Sam Purkis  of Nova Southeastern 
University to develop detailed benthic habitat and bathymetry maps for the entire shallow 
water (<30 m) areas of 3BNP based on a spectral analysis and groundtruthing 
information.  Inspection of the 220 drop-camera, supplementary GoPro videos and 
WorldView-2 imagery suggested that 16 habitat classes captured most of the benthic 
habitat diversity of the Park (Purkis, 2015). Coral reefs make about 10% of the benthic 
habitats of the Park while seagrass beds found predominantly in Caracol Bay cover 
over 25% of the area (Table 4).Accuracy of the benthic habitat classes was estimated at 
better than 80%. 
 

Table 4. Marine benthic classes and habitats developed as part of the mapping from high resolution 
World View satellite imagery acquired in 2014 (Perkis, 2015) 

Simplified Class Benthic habitat 
Area 

(hectares) 
Hab 
% 

Class 
% 

Coral reef 
 

Lagoonal patch reef 62 0.5 9.0 

Algal Rim 75 0.6  

Shallow coral buid-up 446 3.5  

Orbicella fore reef 551 4.4  

Gorgonians/Macroalgae 
 

Hardground with 
Gorgonians 

652 5.2 9.1 

Hardground with 
Macroalgae 

501 4.0  

Sea Grass 
 

Dense seagrass  3,036 24.1 28.0 

Sparse seagrass 259 2.1  

Sand 
 

Sand with sparse 
macroalgae 

2,510 19.9 26.2 

Sand    794 6.3  

Mud and Silt Mud + silt 1678 13.3 13.3 

Deep water Unclassified/Deep 
water 

2,046 16.2 16.2 

 Total 12,610   

 
Field Assessments: Field Assessments were used to gather data about the major focal 
taxa of 3BNP. All assessments attempted to document the biodiversity within 
representative habitats and note the interactions between the species present. These 
assessents were able to collect sufficient data for a general assessment of the flora and 
fauna The field assessments includied 300 person survey days and were conducted 
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June through November 2015. Details of the individual materials and methods for each 
of the major taxa teams is provided in Appendix 1. 
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I. Terrestrial Vegetation 

 
Three Bays National Park (3BNP) terrestrially comprises both natural areas and human 
altered environments including settlements, farms, roads, fish ponds, etc.. The Park 
encompasses 16,677ha of coastal terrestrial habitat supporting a variety of animals and 
plants (Table 1). Since the arrival of Columbus over 500 years ago, the native terrestrial 
habitats have undergone significant conversion and use, ranging from small and 
medium scale agriculture to ranching. Little is known about which native plant species 
remain or which areas of the park still retain intact native habitats. Understanding the 
diversity, structure, and function of these terrestrial habitats and the threats that they 
face provides essential information to conserving and managing the 3BNP area for 
nature and people. 
 
Description of Terrestrial Habitats 
 

The terrestrial vegetation associated with the three main land use classes (Human 
Altered, Acacia farnesiana Shrubland, and Dry Broadleaf Evergreen Formation) are 
described below.  
 
Human Altered (HA): HA includes active agriculture, fallow fields, roads, and buildings 

and was ~7300ha (~44% of the terrestrial portion of the park) in area. HA occurred 

throughout the entire 3BNP area on both soil and rock depending on the usage of the 

land. The largest area of HA is agricultural with a variety of crops being grown. The HA 

class areas have low plant diversity that is primarily filled by weedy, widely distributed 

native and non-native species including a number of invasives.  While some areas are 

monoculture, the vast majority are a mix of a variety of crops including annuals (rice, 

corn), perennials (sugar cane, beans), and fruit trees (primarily Mango) (Figure 11). In 

some cases, the Mangifera indica (Mango) trees look similar to old-growth native forests 

from high resolution satellite imagery because of their very large sizes. 
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Figure 11. Landscape photograghs of (a) agroforestry area, (b) rice fields surrounded by mango trees, 
and (c) mixed agriculture area in 3BNP. 

 
All riverine habitat was grouped within the HA habitat type. Very little intact native 
vegetation was present within any of the riverine areas surveyed. Agriculture and roads 
occur directly adjacent to the rivers surveyed (Figure 12). In some cases a few areas 
with native aquatic plants were present and noted. However, these areas were not 
mappable with the Landsat imagery due their small and highly fragmented footprint.  
 
Acacia farnesiana Shrubland (AFS): Acacia farnesiana Shrubland is the dominant 
vegetation type particularly in the drier eastern sides of 3BNP that had been cultivated 
in previous years. Within the park boundaries there are ~3400ha (~20% of the park) in 
area of AFS.  In areas that have been left fallow and for grazing, AFS occurs essentially 
as a monoculture often growing in iron rich clay alluvial deposits. The vegetation is 2-3m 
in height and forms a canopy over time (Figure 13). Very few species are able to co-
exist within an AFS area. It is unsuitable as feedstock for grazers as it has an extensive 
system of 2-4cm thorns along the stems. 
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Dry Broadleaf Evergreen Formation (DBEF): DBEF habitat occurs as two distinct types- 
DBEF-shrubland (DBEF-S) which contains predominantly undisturbed native vegetation 
and DBEF-Acacia (DBEF-A) which is partially invaded with A. farnesiana. The total 
spatial area of DBEF (both shrubland and Acacia) is ~5700ha (~33% of the park). DBEF 
is 1-4m in height occurring in areas with mixed clay and limestone substrate. DBEF- S 
is a high diversity vegetation type with many native species (Figure 14a and 14b). 
DBEF-S occurs as a band approximately 2km wide that is fairly common along the two 
peninsulas north of Fort Liberté that form Fort Liberté Bay.  Along the edges of the 
DBEF-S is shoreline with slight variations in the plant community type that varies 
debending on the substrate which transitions between mixed siliciclastic and calcarous 
sand and limesone coral rock. In areas with a sand substrate, all areas surveyed 
appeared to have been disturbed at some point in the past and had A. farnesiana 
(Figure 14c). In areas with a rock substrate there was less A. farnesiana as well as 
Coccoloba uvifera. 

Figure 12. A riverine area with adjacent 
agricultural area in 3BNP. 

Figure 13. Acacia farnesiana Shrubland in 3BNP. 
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Figure 14. Landscape photographs of (a) Dry Broadleaf Evergreen Formation ï Shrubland, (b) intact 
DBEF-S with charcoal production, and (c) shoreline with Acacia farnesiana in 3BNP. 

 
Species diversity: Our surveys identified one hundred and seventy-nine (179) vascular 
plant species throughout the park (Appendix 2). This number excludes agricultural 
species and there are numerous species that were not identifiable in the field as they 
were in vegetative conditions when they were observed. The Fort Liberté Peninsula 
regions had the highest level of diversity with one hundred and ten (110) species 
identified (Appendix 2). Portions of the Fort Liberté Peninsula class (including the 
Dauphin Plantation area) contain relatively intact DBEF-S habitat with mostly native 
species (Appendix 2) and ñnormalò vegetation structure. All five of the Redlisted plant 
species were observed in this area. 
 

Redlisted Species: Of the fifty-three (53) potential IUCN Redlisted species for Haiti, 12 
endangered or threatened species were designated as likely to occur within the park 
boundaries (Appendix 3). Of those 12, populations of four species were observed during 
the survey period (Table 5). Additionally two populations of Mammilarria ekmanii that 
the desk survey did not indicate would be within the area were observed in the Dauphin 
Plantation region. 
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Table 5. List of IUCN Redlisted species observed within 
3BNP based on the rapid botanical assessment. 

Genus Species 
Red List 
status 

Consolea picardæ DD 

Guaiacum sanctum EN 

Mammillaria ekmanii DD 

Opuntia taylorii DD 

Selenicereus pteranthus DD 
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Figure 15. Photographs of (a) Consolea picardae, (b) Opuntia taylorii, (c) Selenicereus pteranthus, (d) 
Guaiacum sanctum, and (e) Mammilaria ekmanii observed in 3BNP. 

 
Comparisons to Previous Studies 
 
Threats to 3BNP terrestrial plants:  The main threat to terrestrial plant diversity within 
3BNP is expanded agriculture and charcoal production. In the remaining natural areas 
north of Fort Liberté, Haitians are actively cutting trees and producing charcoal. 
Fortunately, the trees they cut are not always killed and the remaining stumps may grow 
back over time. The two main issues with these activities are reduced fruit and seed 
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production from the regrown portions, and the increasing encroachment of Acacia 
farnesiana which can outcompete native species due to its fast growth and deeper 
roots.  
 
Four of the five redlisted species documented within 3BNP had wide spread populations 
and are not currently under direct threat of extirpation. A fifth species, Mammilaria 
ekmanii (Figure 15e), was only observed as having two small populations on a single 
ridge tip near the Dauphin Plantation. It is highly likely, given the rapid nature of the 
current survey, that additional populations of this species may occur in other locations of 
3BNP. Of the five Redlisted species, only one (Guaiacum sanctum) is harvested for 
charcoal.  
 
A. farnesiana continues to spread into the Fort Liberté Penisulas, displacing native 
species. Although A. farnesiana is collected for charcoal production, it regrows faster 
than the native species by outcompeting it for light, nutrients, and water. Over time, the 
continual removal of native species for charcoal will increase the spread of the A. 
farnesiana and it will essentially supplant all native species. Charcoal production occurs 
throughout the area (Figure 16), but the selective removal of trees has not eradicated 
the native species and the rate of species regrowth continues. Cattle, goats, and sheep 
free-range graze throughout the area. It is not possible to know how much plant 
diversity has been lost over the centuries due to persistent grazing. 
 

 
Figure 16. Charcoal production in Dry Broadleaf Formation ï Shrubland 

in 3BNP. 
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Conclusion 
 
The terrestrial areas of 3BNP have been heavily influenced by human activity over 

many centuries. Field surveys and mapping have documented that very little of the 

original habitat remains. Native trees and plants have been largely displaced, but a few 

pockets of relatively intact plant communities remain ï primarily Dry Broadleaf 

Evergreen Shrubland. Two priority zones for protection and management of intact 

native habitats include: Morne Deux Mamelles Fort Liberté Peninsula, and east from the 

bay to the Haitian/Dominican border. In addition, the riparian corridors for the four major 

drainages should be an area for restoration of native trees and setbacks to reduce 

grazing and erosion into the watersheds should be established. Areas of high terrestrial 

plant diversity or potential for recovery contine to be threatened by charcoal production, 

large and small scale agricultural expansion, and the spread of A. farnesiana. The 

management of 3BNP should include zoning and policies coupled with enforcement 

designed to reduce these threats and maintain and improve the quality of remaining 

native vegetation. 
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II. Mangroves and Coastal Wetlands 
  
Three Bays National Park (3BNP) represents one of the largest mangroves and coastal 
wetlands in the country of Haiti (Aube and Caron 2001), comprising some 4,274ha of 
mangroves.  
 
Despite efforts to protect these critical habitats, the mangroves within the Park are 
under increasing pressure from a host of threats including cutting and harvesting for fuel 
wood, clearing for agriculture and salt mining, development and industry, and 
associated point and non-point source pollution. Providing irreplaceable habitat to 
countless ecologically and economically important organisms, 3BNP is critical to the 
people of Haiti and their livelihoods.  
 
The mangroves and coastal wetlands plant communities were divided into four distinct 
areas Caracol Bay and Bord de Mer, Fort Liberté, and Lagon aux Boeufs as described 
below. 
 

 

 Figure 17. Study area and sampling sites for coastal wetland inventory and observations of stand 
characteristics within 3BNP from June to November 2015. 
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Figure 18. Dominant mangrove and mangrove associates including (a) Rhizophora mangle, (b) 
Avicennia germinans, (c) Laguncularia racemosa, and (d) Conocarpus erectus. 

 

Description of Mangrove and Wetlands Habitats 
 

Caracol Bay: The mangrove of Caracol Bay is the largest and most complex of the 
mangrove systems within 3BNP. Land cover mapping estimates provided by the land 
cover mapping undertaken by The Nature Conservancy (TNC) indicates that Caracol 
has 4,030ha of mangrove. The Caracol mangrove system is built upon historic fluvial 
outwash deltas. Recent deltas around the mouths of the True du Nord River and Grand 
River du Nord remain highly dynamic today. The mangroves within Caracol Bay may be 
grouped in two broad categories: 1) the landward basin mangrove that originate behind 
a fairly defined beach berm and extend shoreward into the mainland where they 
experience periodic flooding, and 2) the seaward fringe and hammock mangrove that 
create expansive mangrove óislandsô on the outwash plain and are influenced by regular 
tidal action. 
 
The basin mangrove is dominated by typical mangrove species common throughout the 
region (Figure 18) including black (Avicennia germinans) and red (Rhizophora mangle) 
mangrove with white (Laguncularia racemosa), buttonwood (Conocarpus erectus), and 
saltwort (Batis maritima) occurring at the drier, higher elevation locations throughout 
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(Appendix 6). At the upper edge of these systems, the invasive sweet acacia (Vachellia 
farnesiana) was noted. The basin system provides habitat for abundant fiddler crabs 
(Uca sp.) that burrow in the basin sediments and to a lesser degree, mangrove crabs 
(Aratus pisonii) that patrol the upper branches (Figure 21a). In contrast, the fringe and 
hammock mangrove are dominated by red mangrove, although black and white were 
also documented. Patches of dwarf red mangrove were noted in both habitats. All red 
mangroves in flooded, fringing habitats provided habitat for abundant mangrove and 
pearl oysters (Crassostrea rhizophorae and Pinctada sp., respectively), as well as many 
sponges and tunicates on the seaward-reaching rhizophores of flooded areas (Figure 
21b). Accordingly, both stand height and density is quite variable throughout the site, 
dependent upon water/flood depth, position within the tidal gradient, and other 
influences (including evidence of present and historic mangrove cutting and harvest). 
 
The mangrove of Caracol is of moderate height overall when compared to each of the 
sampling areas. With evidence of present-day cutting and a documented history of such 
impacts (Aube and Caron 2001), it is not surprising that forest recovery may be slow. 
Mean canopy height is 3.3m ±0.4m and did not differ from other sites with the exception 
of Lagon aux Boeufs (Figure 23). Canopy heights measured in this mean include the 
scrub and dwarf red mangroves within the inundated fringe islands off the shore of 
Caracol, leveraging the average down overall. Yet percent cover was relatively dense 
(62.1% ±6.8%) and not significantly different than Fort Liberté or Lagon aux Boeufs 
(Figure 23). 
 
Pore water conditions were fairly regular throughout Caracol (Figure 24), mediated by 
regular tidal flushing (42.7ppt ±1.9ppt). Hypersaline conditions in salt flats pushed the 
overall average above that of open water (~36ppt). Redox potential and sulfide 
concentrations reflected flooded conditions at -281mV ±20mV and 1.97mM ±0.21mM, 
respectively. Finally, soil pH was comparable to all sites (6.9 ±0.1). Representing fairly 
typical edaphic for mangroves, these values would not be expected to preclude 
successful restoration actions (Appendix 6). 
 



 

39 

 

 
Figure 19. Examples of common mangrove habitat classifications present in 3BNP, including (a) fringe, 
(b) basin, (c) scrub/dwarf, and (d) hammock. 
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Figure 20. Fishing village in Caracol Bay (a) containing both basin and fringe mangrove habitats.  Black 
mangroves dominate the basin habitat landward of the beach berm and show signs of significant human 
impact, (b) while the red mangrove fringe habitat of the outwash plain is comparatively less impacted, (c) 
despite some evidence of cutting and resource extraction. 

  

 
Figure 21. Photgraphs of (a) mangrove crabs (Aratus pisonii) patrol the upper branches of black 
mangroves and (b) mangrove oysters (Crassostrea rhisophorae) clustered on prop roots of red mangrove 
(Rhizophora mangle). 

 

Bord de Mer de Limonade: The Bord de Mer region of 3BNP stretches from the 
community of Bord de Mer northwest to the outlet of the Grande Rivière du Nord, 
forming the western boundary of 3BNP. A fairly uniform basin mangrove system 
extends behind the barrier beach. Several minor embayments and tidally influenced 
drainages occur along this system, cutting through the beachfront during seasonal 
periods of high flow, and tidally restricted after coastal storms reconfigure their outlets 
with sand. Uniformly short, scrub red mangrove dominates this habitat that spans 
approximately 12ha, although white and black mangroves also occur with frequency 
throughout the system (Figure 22a). While virtually all drainages and rivers observed 
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were populated by mangrove and mangrove associates, a unique salt tolerant 
herbaceous plant community was noted along a muddy bank of Grande Rivière du Nord 
(Figure 22b). This small, emergent system was the most botanically diverse coastal 
wetland encountered in 3BNP. The adjacent floodplain has long since been converted 
to agriculture (e.g. banana and sugarcane), except for small, discontinuous brackish 
tidal patches of vegetated banks along the fluvial delta remain. One such area 
contained over 30 herbaceous species tolerant of low to moderate salinity (Appendix 6). 
While quite possibly ephemeral, this habitat represents a critical diversity hot spot for 
native species that should be acknowledged and protected. Species observed include 
widgeon grass (Ruppia maritima), cattail (Typha domingensis), yellow burhead 
(Limnocharis flavis), and several species of spikerush (Eleocharis spp.) among others 
(Figure 25). 
 

The mangrove of Bord de Mer is dominated by a fairly protected inland basin system, 
connected to the sea by three tidally influenced drainages (including Grande Rivière du 
Nord). Predominantly comprised of shrubs, that stature of its canopy is quite short at 
1.6m ±1.1m, significantly shorter than Fort Liberté and Lagon aux Boeufs. It is also the 
least dense with percent cover estimated at 17.5% ±4% for the areas sampled. 
Evidence of cutting throughout contributes to these low stand height and density 
averages (Figure 23). 
 
Pore water conditions were highly variable at Bord de Mer. Mangrove dominated sites 
were within typical salinity ranges (~40ppt), but when averaged with tidal riverine 
habitats (2.3ppt), suggest the site is brackish overall (18.8ppt ±7.5ppt). Tidal riverine 
habitats also likely influenced the mean values for pore water redox potential (-136mV 
±16.0mV) and sulfides (1.10mM ±0.54mM), representing the least anaerobic conditions 
of all sampling sites in 3BNP, while pH did not vary significantly from the other sites, at 
6.9 ±0.5 (Appendix 5).  
 
In some areas, tidal inlets and drainages led to more expansive and diverse mangrove 
habitats, including some brackish tidal habitats as well, flanked by agricultural fields 
(Figure 27a). In these backwaters, the red mangrove fringe increases in stature with 
trees in excess of 10m, where not cut for agricultural purposes. In addition to black and 
white mangrove, this study documented an additional species of black mangrove, or 
ómangle negroô, (Avicennia schaueriana) (Figure 27b). This observation represents a 
significant range expansion for this less common species whose population center is far 
south (Ellison et al. 2010, Polidoro et al. 2010, Moore et al. 2014). While preliminary 
review of available literature suggests otherwise, they may potentially be a hybrid of A. 
germinans (Nadia et al. 2013, Mori et al. 2015). 
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Fort Liberté: Unlike Caracol, Fort Liberté is a large, open, and relatively well-flushed 
marine system with discontinuous narrow bands of fringing mangrove. IT also has, to a 
lesser degree, isolated patches of hypersaline mudflat with dwarf stands of black 
mangrove. Cumulatively, TNCôs land cover maps estimate 168ha of mangrove present 
today. The majority of the mangroves of Fort Liberté are contained within a narrow band 
pressed tightly against the banks of the embayment (Figure 26a). Little basin habitat 
exists, due to steep slopes and dry cliffs surrounding the majority of the bay, of which 
few had been fortified into colonial-era forts and prisons (Figure 26b).  
 

 
Figure 22.  Landscape photographs of (a) shrub-dominated basin mangrove protected behind the beach 
berm of Grande Rivière du Nord and (b) brackish tidal habitat at the mouth of Grande Riviére du Nord. 
 

In most areas, steep rocky banks prevent landward migration of the mangrove. 
Comprised predominantly of red mangrove, the narrow fringe habitats are relatively 
dense and tall (>8-10m). The rhizophores at the waterôs edge of the stands provide 
habitat for an abundance of mangrove oysters and pearl oysters, while the upper 
branches of Rhizphora and Avicennia species provided ample habitat for mangrove 
crabs that were more common here than any other site. These fringes are associated 
adjacent seagrass beds that are abundant in the Bay and comprised of numerous 
seagrass species including turtlegrass (Thalassia testudinum), manatee-grass 
(Syringodium filiformis), and shoalgrass (Halodule wrightii). 
 

The mangroves of Forte Liberté are spread out along the periphery of the embayment, 
in contrast to the dense concentrations contained with Caracol, for example. Since there 
is a great deal of separation between forested areas, there are different influences likely 
affecting forest stature and habitat quality. Accordingly, mean forest height was 4.2m 
±0.4m, placing this embayment squarely between the exceptionally tall trees of Lagon 
aux Boeufs and the scrub shrub habitats of Bord de Mer and parts of Caracol. Where 
present, canopy cover was the most dense of all sites at 63.6% ±7.3% (Figure 23). 
 
Similar to Caracol, pore water conditions were fairly regular throughout Fort Liberté, 
mediated by regular tidal flushing (40.9ppt ±3.9ppt). Hypersaline conditions in salt flats 
of Phaeton strongly influenced the overall average, driving it above that of open water 
(~36ppt). Redox potential and sulfide concentrations reflected flooded conditions at -
272mV ±42.8mV and 2.45mM ±0.43mM, respectively. Finally, soil pH was comparable 
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to all sites (7.1 ±0.1). While salinity and sulfide levels at isolated locations represent 
stressful edaphic for seedling establishment, these values would not be expected to 
preclude successful restoration actions (Appendix 5).  
 
Lagon aux Bîufs: Perhaps the most unique mangrove habitat observed in this study is 
contained in Lagon aux Boeufs. This brackish embayment has limited tidal 
influence/exchange and is dominated by a narrow, but exceptionally tall fringe of red 
mangroves, bordered by a narrow discontinuous band of black mangrove creeping up 
the rapidly sloping banks that encircle the system (Figure 30c). Mangrove fern 
(Acrosticum aureum) can be seen at this site in abundance among patches of white 
mangrove, particularly at the landward edge of the mangrove (Figure 30a). Meanwhile, 
widgeon grass (Ruppia maritima) is found in the shallows within the embayment itself, 
providing habitat for tilapia (Oreochromis mossambicus) and crayfish (Macrobrachium 
sp.), among other species of commercial value. More common submerged aquatic 
vegetation includes prolific spiny water nymph (Najas marina) and periodic blooms of 
the nuisance green algae known as muskgrass (Chara sp.) (Figure 29). A complete list 
of wetland taxa observed is included in Appendix 6. Agro-pastoral activities on adjacent 
lands have impacted landscape and eliminated virtually all vegetated buffer adjacent to 
the mangrove (Figure 30d). 
 
Lagon aux Boeufs contains some of the tallest mangroves in the country of Haiti. With 
some trees measuring over 15m, the system dwarfs all others sampled in this study, yet 
cutting and clearing brought down the mean height overall to 8.7m ±0.6m and to some 
degree this also affected forest cover and density with an intermediate value of 55% 
±10.4%, showing relatively high variability overall (Figure 23).  Lagon aux Boeufs had 
the most consistently low salinity of all sites with a mean of 6.6ppt ±0.9ppt. Low salinity 
was in contrast to elevated sulfide levels 2.66mM ±0.78mM, which were the highest of 
the sites sampled overall, and the lowest redox potential (2.89mV ±34.2mV). 
Interestingly, pH values were higher than all other sites (7.4 ±0.1), and possibly 
influenced by freshwater additions from the adjacent river. Restoration efforts would 
likely be facilitated by the lower salinity, despite slightly elevated sulfide conditions 
(Appendix 5). 
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Figure 23. Comparison of mean canopy height (a) and 
percent cover (b) by sampling area. 
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Figure 24. Comparison of pore water conditions by site, including (a) salinity, (b) pH, (c) sulfide, and (d) 
redox potential. 
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Figure 25. Examples of taxa from tidal fresh and brackish habitats of Grande Rivière du Nord including 
(a) yellow burhead (Limnocharis flavis), (b) spikegrass (Eleocharis spp.), (c) camphorweed (Pluchea 
caroliniensis), and (d) purple loosestrife (Lythrum salicaria). 

 

 
Figure 26. Landscape photographs of (a) steep dry banks surrounding the majority of Fort Liberté, 
limiting mangrove to fringe habitats (primarily dominated by red mangrove) and (b) colonial ruins, a 
common feature of the eroded cliff shores of Fort Liberté. 
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Figure 27. (a) sugarcane, banana, and rice plantations flank the eroded banks of tidal inlets and creeks 
near Fort Liberté Bay and (b) example of the characteristic rounded leaf tips of mangle negro (Avicennia 
schaueriana) from Fort Liberté, likely representing a range expansion for this more southern species. 

 

 
Figure 28. Traditional fishers in the brackish waters of Lagon aux Beoufs. 
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Figure 29. Dense nuisance alga Chara sp. clogs the bottom of the brackish waters of Lagon aux Boeufs.  
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Figure 30. Examples of forest cover in Lagon aux Boeufs including (a) mangrove fern (Acrostichum 
aureum), (b) mangrove vine (Rhabdadenia biflora), (c) fringing red mangrove, and (d) significant area of 
forest cutting and loss. 

 
Threats to Mangroves and Coastal Wetlands 
 
Overall, the mangroves and coastal wetlands of 3BNP remain an ecologically significant 
habitat containing all the mangroves and mangrove associates that occur within the 
region, a possible range expansion for less common mangrove species, and a diversity 
of brackish-tidal species as well. Despite this overall quality, there are clear and present 
threats readily identified in each of the embayments studied, similar to virtually all 
coastal wetlands in the world. The threats to these globally threatened systems in 3BNP 
may be grouped into the following five broad categories: 

1. Cut and Harvest: Unregulated cut and harvest of mature mangrove for charcoal 

and fuel wood; 

2. Land Conversion: Clearing of mangrove stands for salt mining, agriculture, 

and/or development; 

3. Deforestation: Clearing of adjacent lands for agro-pastoral endeavors and 

associated unrestricted livestock trampling, browsing, and nutrient additions; 

4. Impact to Buffer Zones: Loss of wetland buffer zone vegetation, including 

coastal/littoral forest, riparian buffers, etc., that provide infiltration and a ófirst line 

of defenseô; and 
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5. Pollution: Point and non-point source pollutants, nuisance algae, eutrophication  

These threats play out very differently in each of the three embayments assessed in this 
study. Accordingly, the expectation is that there will be differential effects based on the 
type of mangrove system one considers (e.g. fringe, basin, hammock, riverine, etc.) and 
its position in the tidal regime. 
 
Evidence of mangrove cutting is prevalent throughout the Caracol basin system (Figure 
33). Cutting includes mangrove and wetland buffer vegetation. The latter exacerbates 
erosion and movement of terrestrial sediments, leaving barren, often hypersaline mud 
flats behind. The open habitats that often result from cutting within the mangrove (i.e. 
mud flats and salt barrens) may provide habitat and forage opportunities for wading 
shorebirds, but provides little benefit for buffering coastal storms or accelerated sea 
level rise. Furthermore, cutting at the upland edge may also encourage spread of 
invasive species, including Acacia farnesiana that was noted in patchy distributions just 
up gradient of the mangrove edge. 

 

 
Figure 31. Photographs of (a) fishers working the nearshore waters of Caracol Bay, (b) crabbers near the 
mouth of Fort Liberté, (c) eel netters at Bord de Mer, and (d) the artisanal boats at Lagon aux Beoufs. 
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Figure 32. Evidence of impacts from (a) charcoal mining (burning pile), (b) cut and harvest, (c) salt mined 
from reclaimed mangrove areas, and (d) trash accumulation. 
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Figure 33. Grazing cattle and barren lands resulting from cutting, agriculture, and development. 
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Figure 34. Observation plots where evidence of cutting was noted in Regions 

1-4 (Caracol Bay). 

 
Figure 35. Observation plots where evidence of cutting was noted in Regions 5-6 

(Fort Liberté) and Region 7 (Lagon aux Beoufs). 
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Conclusion 
 
The mangrove should be considered one of the principal ecological features of 3BNP 
with a high natural aesthetic value. Unlike much of the terrestrial habitats, mangroves 
habitats have largely retained their species and occupy much of the same area they did 
several hundred years ago. Moreover, they have proven to be resilient to large scale 
fishing and declining water quality in many areas. Specific areas of importance 
highlighted in this chapter include the extensive basin mangroves from Caracol Bay and 
the structurally complex fringing mangrove system that border Lagon aux Boeufs. 
Surveys have also found that much of the freshwater wetland plant communities have 
been converted by agriculture. Small pockets of wetland plants remain near the mouth 
of the Grande Rivière du Nord and around the ephemperal seasonal flats known as 
Grande Saline. These areas should be a priority for protection. The future of the 
mangrove and remaining wetland communities will depend on the success of 3BNP in 
enforcing existing olicies that prohibit cutting of mangrove for charcoal production and 
implementing zoning and other measures to reduce infilling and encroachment into the 
transitional zone driven by expanding human activity. 
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III. Birds and Terrestrial Vertebrates 
 
Three Bays National Park (3BNP) is home to many species of birds and terrestrial 
vertebrates.  In order to have meaningful management and conservation of these Park 
residents, assessing their diversity and distribution is a necessity.  This chapter involves 
assessment of terrestrial vertebrate community structure and composition, specifically 
an inventory of resident and migratory birds, terrestrial mammals, and herpetofauna 
(reptiles and amphibians). Faunal survey methods were tailored to the targeted taxon to 
determine species distribution, occurrence, and relative abundance. 
 

 
Figure 36. Principal areas (outlined red areas) for terrestrial faunal surveys were 
conducted in 3BNP. 

 
This chapter elucidates the assessment of the birds, reptiles, mammals, and 
amphibians within the boundaries of 3BNP. The results of this study were gathered 
during two field expeditions, from June 17 to July 5 and from November 17-27, 2015 
allowing for detection of seasonal changes in species abundance and particularly the 
presence of migratory birds. 
 
Birds: A total of 6411 birds of 95 species were recorded overall, including 24 non-
breeding visitors or migrants (Appendix 7). Among the most notable records observed 
was a pair of Hispaniolan Parrots (Amazona ventralis), a flock of 14 flamingoes 
(Phoenicopterus ruber) in Lagon Aux Boeufs, 10 Roseate Spoonbills (Platalea ajaja) 
and 4 White Ibises (Eudocimus albus). Several areas covered with coastal mangroves 
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were also surveyed, but without success in locating a single Reddish Egret (Egretta 
rufescens).  
 
Amphibians and Reptiles: Total recorded species included 4 amphibian species and 11 
reptile species (Appendix 9). Low amphibian diversity is likely the result of heavy 
contamination and eutrophication of all the lagoons visited. This may be caused by, 
among other things, cattle observed having unrestricted access to rivers and lagoons 
inside the park boundaries. There were more species of reptiles in lowland areas with 
large trees and agricultural fields surrounded by hedgerows and live fences. This is the 
case near the settlements of Garde Saline and Montolon (Figure 37). These areas do 
not appear to be as heavily exploited for charcoal production as more remote localities 
with few permanent settlements. For example, there were numerous charcoal ovens 
found around the hills known as Mornes Deux Mamelles, 3.7km north of Phaeton. 
These hills are the highest point of the 3BNP, and one of the few areas where remnants 
of the dry forest were found that probably covered most of the coastal lowlands (Figure 
37). 
 
Terrestrial Mammals: Two species of terrestrial mammals endemic to Hispaniola are 
thought to exist at 3BNP - the Solenodon (Solenodon paradoxus) and the Hutia 
(Plagiodontia aedium). During the two periods of fieldwork that included noctural 
surveys, no direct evidence (visual sighting, tracks, scat) of either of these two species 
was found. In fact, only two interviewees out of 97 (both from the commune of Garde 
Saline) even mentioned the presence of a ñtailless tree ratò which is a local name for the 
Hutia. Searches of the specific area mentioned by intervieweees again found no 
evidence of its presence. Only one interviewee (a student from the local university of 
Limonade) recognized the Solenodon; however, he observed this mammal more than a 
decade ago and far from the area of 3BNP, in the locality of Hinche (Central Plateau). 
 
The principal larger mammals that now occur in 3BNP are two introduced predators- the 
Small Indian Mongoose (Herpestes auropunctatus) and the Feral Cat (Felis catus). Both 
of these predators are well established and widespread in 3BNP. There was direct 
evidence that local farmers occasionally capture feral cats as a source of animal protein 
or to sell locally.  However, whether the mongoose is targeted for the same purpose is 
unknown. The relative abundance of other introduced mammals, such as rats (Rattus 
rattus and R. norvegicus) and house mice (Mus musculus) were not assessed but are 
known to be quite abundant. No feral dogs (Canis familiaris) were encountered during 
the bird and reptile surveys, but local farmers often have dogs and use them 
occasionally for hunting. 
 
Description of Terrestrial Vertebrate Habitats 
 
All the sites visited within 3BNP boundaries, regardless of habitat type (e.g. mangroves, 
mudflats, or inland habitats), are heavily influenced by human extractive activities. This 
rapid assessment is based on some 80 hours of cummulative active observation and 
should be regarded as preliminary until more systematic studies are carried out. This 
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section describes the the principal terrestrial habitat types used by terrestrial vertebrates 
and birds.   
 

 
Figure 37. Large fruit trees in the gardens around Garde Saline (left) and landscape of Mornes Deux 
Mamelles (right) in 3BNP. 

 
Saline mudflats: Saline mudflat areas were classified as ñbarrenò by TNC land use 
classification scheme and generally are found along the transitional areas between 
mangroves and scrublands (Figure 9, Table 4).  A total of 641 hectares of barren 
mudflats occur within 3BNP, over half of which are in the lower reaches of the True du 
Nord watershed around the central and eastern edge of Caracol Bay (Table 4). These 
areas have little or no vegetation but are surrounded by mangroves or shrubs ï mainly 
bayahonda (Prosopis juliflora). The soil is usually composed of clay and can either be 
saturated with water or dry depending on the time of year (Figure 38a). Mudflats are 
especially important for shorebirds, sometimes harboring hundreds of individuals 
(Appendix 8). The number and diversity of birds utilizing these areas depends strongly 
on the availabiliy of food (copepods, brine shrimp, polychaete worms) which fluctuate 
based on local consitions- salinity, water levels, nutrients. The climate in 2015 appears 
to have been drier than average, and resulted in the conversion of large sections of 
some interior lagoons to mudflats in Saline Morena (Figure 38b) and Saline du Sel 
(Figure 38c). 
 

 
Figure 38. landscape photographs of (a) a mudflat, (b) Saline Morena, and (c) Saline du Sel in 3BNP. 
 

Mangroves: Mangroves are an important habitat for birds and reptiles, and are also 
crucial for maintaining the local fishing communities.  
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Figure 39. Photograpghs of coastal mangroves in (a) the mouth of Caracol Bay, (b) Lagon aux Beoufs, 
and (c) mangrove clear cutting to produce charcoal in 3BNP. 

 
Interior Lagoons: Interior lagoons are enclosed or semi-enclosed shallow water bodies 
usually surrounded by a mangrove fringe.  The largest interior lagoon is Lagon aux 
Boeufs located on the eastern edge of 3BNP. Other areas that act as lagoons or ponds 
are usually located in lowland areas which flood seasonally. Sometimes they are formed 
by abandoned river meanders (e.g. oxbows). Lagoons are often surrounded by 
agricultural fields that can be heavily used by free range cattle, goats, and horses. As a 
result, interior lagoons can be heavily polluted and eutrophied, as in the case of the 
Lagoon de Phaeton (Figure 40). These polluted conditions may explain the near total 
absence of native amphibians in many of these lagoons. The principal amphibians that 
occupy these lagoons were found to the Cane toad (Rhinella marina) and the American 
bullfrog (Rana catesbeiana), both of which are introduced and possibly invasive. 
 

 
Figure 40. Landscape photograph of Lagon de Phaeton in 3BNP. 

 


