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 Introduction 

 

This document is constructed as a plans of approach regarding the tackling of 
the effects global warming will have on the Marine and Coastal Zone 
Ecosystem of St. Maarten. This plan gives an overview of the causes and 
threats posed by Global Warming to the Marine and Coastal Zones, 
Parameters for Monitoring and Recording those threats and possible 
mitigating suggestions to the effects caused by Climate Change to the 
Coastal and Marine Environment, which are the ecosystems and population 
centers most greatly affected by Climate Change. 

 

 Global changes in climate 

 

There is widespread consensus within the scientific community regarding the 
ongoing changes to the earth’s climate. The causes of this process are varied: 
changes in land use and carbon emissions, alterations in both stratospheric 
and tropospheric ozone, aerosol emissions and other factors. Nevertheless, 
the main factor for the inducing of global warming seems to be the emission of 
greenhouse gases. There are many of these gases — nitrous oxide, methane, 
CFCs, etc. — but it is the emission of carbon dioxide (CO2) from the burning 
of fossil fuels that is primarily responsible for the rise in the planet’s 
temperature. 

  

 

 



 

 Climate and sea warming 

From the mid-19th to the beginning of the 21st century, the air temperature at 
the earth’s surface increased by between 0.6 and 0.8°C IUCN Meditareanean 
MPA Plan), and this warming is expected to accelerate during the current 
century if mitigating measures are not put in place. The sea plays a key role in 
limiting this process as more than 80% of the heat absorbed by the planet 
accumulates in the world’s oceans (Bindoff et al., 2007). Because of the high 
specific heat capacity of seawater, sea temperatures increase much less than 
air temperatures. The thermal expansion of the oceans caused by rising 
temperatures and the global increase in seawater mass caused by the melting 
of continental ice are resulting in sea-level rise. In parallel, changes in 
precipitation and evaporation rates have also been observed, altering sea 
salinity. 

 CO2 and ocean acidification 

Furthermore, increased uptake of CO2 emissions by oceans is changing 
seawater chemistry, decreasing the pH (increasing acidity or concentration of 
hydrogen ions H+) and reducing the concentration of carbonate ions (CO32-) 
by decreasing the saturation state of calcium carbonate (CaCO3): 

C CO2 + H2O H2CO3 HCO3- + H+ CO32- + 2H+ 

 O2 + H2O H2CO3 HCO3- + H+ CO32- + 2H+ 

This consequently has the potential to significantly affect shell and skeleton 
formation in many marine organ- isms, including some commercial shellfish 
species. 

Global measurements indicate that average seawater acidity has increased 
by 30% since the beginning of the industrial revolution (equal to an 
acidification of 0.1 pH units), and the oceans are predicted to become 
progressively more acidic as they continue to absorb more carbon dioxide 
(Denman et al., 2011). The major cause of ocean acidification is not the total 



amount of CO2 entering the oceans but the fact that the rate of pH change is 
faster than anything experienced before. 

 

 Impact of climate change on marine biodiversity 

 

The Man of War Shoal Marine Protected Area 

On December 30th 2010 the Minister of Tourism and Economic Affairs the 
Honorable Mr. Franklin Myers signed a major step towards marine 
environmental protection and conservation in general for the country St 
Maarten when he approved the establishment of the Man of War Shoal 
Marine Protected Area, the Caribbean’s youngest MPA. 

The boundaries of the Marine Park are between 18 ̊ ̊N and 17 ̊-57.0 N and 63 ̊-
01.03 W and 63 ̊-04.05 W, in an area better known as “the Proselyte Reef 
Complex ".  This area includes the island’s most ecologically and economical 
important marine habitat, including extensive coral reef areas and seagrass 
beds. This area was chosen to be a priority for official conservation because 
of its intrinsic ecological, economic and cultural value. The Man of War Shoal 
Marine Park is a home and migratory stop over or breeding site for 3 IUCN 
Red List Species, 10 CITES Appendix I species and 89 Appendix II species. It 
is an area with a relatively healthy population of marine mammals including 
migratory whales and dolphins, numerous species of shark, sea turtles and 
numerous fish species. Studies have shown that biodiversity in this area, 
particularly coral reef density, is high and the economic goods and services 
which the ecosystem provides are in excess of fifty million dollars annually. 
The establishing of the Man of War Shoal Marine protected Area was also in 
accordance with the Specially Protected Areas of Wildlife (SPAW) Protocol 
and with the Federal Decree on Maritime Management.  

 



  

  

 Effects of Climate Change on the Marine and Coastal Environment 

 

Climate change is already affecting St. Maarten’s environment, ecosystems 
and species in many ways and evidence suggests that the impact will become 
more severe as climate change continues. Species may no longer be adapted 
to the set of environmental conditions where they live and will need to 
produce adaptive responses fast enough to keep up with the rapid pace of 
change (Somero, 2012). Individuals, populations or species may suffer severe 
mortality events, which ultimately could result in their local extinction, while 
others may migrate to more favorable areas or change their physiology to 
adapt to the new conditions. These effects in turn will lead to altered species 
interactions (predation, competition, etc.) and cascading effects, which will 
propagate at community and ecosystem levels and may significantly alter the 
structure and function of ST. Maarten’s marine communities in the future 
(Hughes et al., 2003; Doney et al., 2012). 

In addition, species have to cope with additional threats caused by human 
activities, some of which may act in synergy with climate change. The sum of 
these major disturbances is known as global change. The effects that the 
different stressors, and particularly their combination, have on marine 
organisms are currently poorly understood. 

Direct effects of changes in ocean temperature and chemistry (mainly rising 
sea temperature and acidity) may alter the physiological functioning, behavior 
and population growth of organisms, leading to shifts in the size, structure, 
spatial range and seasonal abundance of populations. Other climate-derived 
stressors, such as sea-level rise, changes to ocean circulation and mixing, or 
ocean deoxygenation, might impact marine communities. 

 

 Changes in native species distributions 

 

Shifts in the distribution of marine populations are the most commonly 
reported effects associated with changing climate conditions. In the Caribbean 
the long-term temperature increase has been shown to affect the boundaries 
of biogeographical regions, with some warm-water species extending their 
ranges and colonizing areas where they were previously absent or rare 
(CIESM, 2008). Fish and crustaceans as well as sessile species such as 
echinoderms, cnidarians and algae are shifting their geographical ranges in 
both location and depth, in what seems to be a widespread phenomenon that 
already involves about 100 native species from primary producers to top 
predators. 

 

 Spread of alien species  

 

St. Maarten has been subject to two invasions of alien or exotic species in 
recent years, possibly spread through the Aquarium Trade and through 
shipping traffic. 



Indo Pacific Lionfish 

The Indo Pacific Lionfish Pterois volitans/miles complex (figure 2.1) is a 
predatory, venomous fish which has been introduced as an invasive species 
in the Atlantic Basin. The exotic looking fish is known for its reddish brown 
and white banding patters that run vertically along its body and the 13 
venomous spines that run along the length of the fish (Synagjeweski and 
Forman-Orth 2004). This invasive carnivore can significantly reduce 
biodiversity of a local habitat and can drive important fish species to 
extinction, negatively affecting coral reef ecosystems (Albins and Hixon 2008). 
The fish also poses a risk to the health of coastal populations affected by the 
invasion as the species possesses venomous dorsal, anal, and pelvic spines 
that can inflict a painful sting that may result in serious health complications 

Invasive Seagrass 

H. stipulacea is a tropical seagrass with a native range east to India, west to 
eastern continental Africa, south to Madagascar, and north to the Red Sea 
and Persian Gulf (Den Hartog, 1970). The seagrass genus Halophilia is 
comprised of fourteen species on a worldwide basis (den Hartog, 1970; 
Sachet and Fosberg, 1973; Eiseman and McMillan, 1980; Kuo and den 
Hartog, 2001; Green and Short, 2003) and four species are currently known 
from the warm subtropical and tropical western Atlantic Ocean (den Hartog, 
1970; Eiseman 

and McMillan, 1980). The West Atlantic representatives are: Halophilia 
decipiens Ostenf., Halophilia engelmanii Asch. and Halophilia johnsonii 
Eiseman.  

The opening of the Suez Canal in 1869 facilitated the expansion of H. 
stipulacea into the Mediterranean Sea. From the mid-1800s H. stipulacea 
migrated west through the Mediterranean Sea, reaching Malta in 1970 
(Schembri and Lanfranco, 1996), the Ionian Sea in 1992 (Van der Velde and 
Den Hartog, 1992), and the north coast of Sicily in 1997 (Procaccini et al., 
1999). In 2002 H. stipulacea became only the second seagrass to make a 
transoceanic migration with the discovery of a 300 m2 mono-culture of H. 
stipulacea in a single bay on the Caribbean coast of Grenada, West Indies 
(Ruiz and Ballantine, 2004). 

The success of H. stipulacea as an invasive in the Mediterranean Sea can be 
attributed to its rapid vegetative expansion (Marba´ and Duarte, 1998), habitat 
flexibility (Coppejans et al., 1992; Pereg et al., 1994), tolerance of a wide 
salinity range (Por, 1971), adaptation to high irradiance (Schwarz and 
Hellblom, 2002), and ability to grow at depths from the intertidal zone to 
greater than 50 m(Beer and Waisel, 1981). The rapid growth and 
pervasiveness of H. stipulacea is similar to another aggressive invasive 
macrophyte,Caulerpa taxifolia (Boudouresque and Verlaque, 2002; Anderson, 
2005). 

On St. Maarten the most likely vector for transportation is the boating and 
yachting industry, particularly those vessels originating in the Mediterranean 
(i.e Yachts) or vessels travelling from Grenada, St. Lucia and/ or Dominica.  

The presence of H. stipulacea in St. Maarten was verified by examining the 
characteristic features of the species based on the description of Den Hartog 
(1970). Rhizome diameter measured 1–2 mm with a single root at each node 
and an internode distance of 7–50 mm (Fig. ). Leaf scales were folded and 
elliptic in shape with a length of 6–18 mm and width of 2–6 mm. Blades were 
elliptic, oblong to linear, and pale to dark green in color with a length of 22–57 



mm and width of 5–9 mm. The surface of each blade had a distinct mid-rib 
originating at the petiole and ended near the apex of the blade where it 
merged with the circumventing intramarginal nerve. Serrations were present 
along the lateral margin and at the apex of the blade. Additionally, the blades 
had numerous and often paired cross-veins extending from the mid-rib to the 
intramarginal nerve at a 30–608 angle. Blade dimensions of samples (n = 30) 
taken from three beds within the Simpson Bay Lagoon (based on Willette, 
Ambrose 2009). 

Both these invasions will further exacerbated by the warming of sea surface 
temperature, allowing biota to further proliferate and expand within the 
territorial waters of St. Maarten and the region. 

 

 Mass mortalities of macrobenthic communities (Coral Bleaching) 

  

Unprecedented mass-mortality events and diseases linked to climate warming 
have been observed in the Caribbean Sea in recent decades affected by 
mass-mortality events associated with unusual increases in seawater 
temperature . 

Coral reefs are very vulnerable ecosystems. In no other ecosystem 
does the major habitat-forming organism function so close to their 
upper thermal limit (Pratchett et al., 2009). It is a given that global 
temperatures, including sea surface temperature, will rise in the future 
due to anthropogenic greenhouse gas emissions. Due to this coral 
reefs are predicted to undergo regular widespread catastrophic 
bleaching within the next 15-25 years (Oliver et al., 2009).  

On St. Maarten, the coral reefs represent a major source of income. 
Both the tourist and fishing sector are extremely dependent on healthy 
reefs. They are also a very important ecosystem for the local and global 
biodiversity. They host the endangered green turtle, boulder star coral, 
Montastraea faveolata, the critically endangered hawksbill turtle, and 
staghorn coral. These species are all threatened by coral bleaching 
(IUCN, 2009). An increase in coral bleaching will therefore have several 
negative effects on the island. 

For those the Nature Foundation St. Maarten is trying to diminish coral 
bleaching on local reefs by introducing a Coral Bleaching Response 
Plan. Coral bleaching is usually triggered by unusually warm sea 
temperatures. This is a factor that is impossible to control, but there are 
actions that can be taken to lower the impact of a coral bleaching event 
local coral reefs by decreasing the area affected by the bleaching and 
the resulting mortality.  

Corals are in an obligate symbiosis with single-celled photosynthetic 
algae called zooxanthellae, which live in the coral’s tissue. Corals get 
their energy from the photosynthetic products of the zooxanthellae. 
These algae also help rapid calcification, which is needed to form reef 
structures. The corals give the zooxanthellae protection and essential 
nutrients like nitrogen and inorganic carbon. The deep brown color of 
the corals results from the photosynthetic pigments within the algae. 
Coral bleaching describes the partial loss of zooxanthellae by the coral 
host or of the photosynthetic pigments within the algae. This makes the 



tissue layer translucent and the white calcium carbonate skeleton of the 
coral can be seen (Lough & van Oppen, 2009). 

The major triggers of coral bleaching are elevated sea temperature and 
solar radiation or a combination of both. Reduced salinity and 
decreased sea water temperatures can lead to local bleaching. Another 
possible cause of coral bleaching could be bacterial and other 
infections (Brown, 1997). Berkelsman (2009) showed that elevated sea 
temperature is the most important inducer of coral bleaching with the 
total monthly  

 

UV radiation rated less than 18% of the importance of maximum 
monthly sea surface temperature (SST) in his prediction model (Figure 
3.1).  

 

 

Figure 2.1 Variables and their relative significance to a classification 
tree model in: predicting bleaching at Magnetic Island between 1990 
and 2004. Max_SST: Maximum sea surface temperature, Av_SST: 
Average sea surface temperature, Min_SST: Minimal sea surface 
temperature, A_Tmin_air: Average minimal air temperature, 
A_UVR_MJm2: Average UV radiation in MJ/m2, A_Sun_hrs: Average 
sun hours (Berkelsman, 2009). 

An increase in temperature or highly energetic UV radiation can lead to 
photo inhibition and irreversible injury of the photosynthetic apparatus 
of zooxanthellae. This includes a reduced electron transport. The 
absorption of excitation energy continues and the unused energy 
produces active oxygen when molecular oxygen species are present 
(Lesser et al., 1999). Together with high UV radiation they can lead to 
the damage of pigments and proteins which leads to inactivation of 
photosynthesis (Loya et al., 2001). Protection against active oxygen 
species could represent an energetic cost to the coral host and the 
algae and could therefore lead to a break up of the symbiosis. Another 



explanation of the loss of zooxanthellae could be physiological stress 
induced by the oxygen’s toxicity (Lesser et al., 1999). 

 

 Population blooms 

Changes in temperature and other conditions have also been linked to 
increasingly frequent reports of blooms of a variety of organisms. 

Several studies have demonstrated a significant in- crease in jellyfish 
abundance in different areas, probably related to climate change and food-
web modifications (such as overfishing of predators). Blooms of native jellyfish 
species in coastal areas are seriously interfering with human activities, 
including tourism and fisheries.  

Warmer coastal waters combined with eutrophication can also increase the 
intensity, duration and extent of harmful algal blooms, which can damage 
marine communities and coastal industries such as aquaculture. Many of 
these events are thought to be a consequence of climate change.  

 

 Effects of acidification 

The absorption by seawater of atmospheric CO2 leading to a decrease in pH 
(acidification) can have a severe impact on the performance and survival of 
many organisms with calcium carbonate structures, and consequently affect 
the composition and productivity of marine communities. 

Little is understood at present, however, about the impact that will have on 
marine biodiversity. Ocean acidification has the potential to affect individuals’ 
growth, reproduction and activity rates. Some animals will tolerate higher 
acidity; some may even thrive on it, but the overall community changes will be 
different at each locality. Shifts in species composition along pH gradients 
suggest that calcified species might not survive the increased metabolic costs 
of coping with low-pH environments while competing for resources with other, 
uncalcified organisms. 

 

 



 

 Effects of sea-level rise 

The rise in sea-level is generally considered one of the most significant 
consequences of climate warming, yet its effects on biodiversity are poorly 
understood. 

Sea-level rise threatens coral reefs, coastal wetlands and beaches, which are 
crucial habitats for many species, such as endangered populations of sea 
turtles that use them for breeding. Bioconstructions such as reefs are 
extremely vulnerable to water-level changes and to wave erosion during major 
storms (Boudouresque, 2004). Rising sea temperature, sea-level rise and 
acidity thus appear to be associated with various changes in bio- diversity in 
the Caribbean Sea and thus also for the St. Maarten Coastal Zone and the St. 
Maarten and the Man of War Shoal Marine Protected Area. 

Areas such as Simpson Bay. Great Bay, Marigot, Cruise Facilities, areas of 
Sucker Garden, Cole Bay, Sandy Ground, Oyster Pond and all Beaches will 
be inundated by sea level rise. 

 

 

 

 

 

 

 

 



 Graphic Representation of Projected Sea Level Rise for the St. 
Maarten Coastline (Source Floodmap.com/ NASA) 

 

 

Current Sea Level 

 

 

Projected rise (5 Meters) twenty to fifty years 

 



 

Projected rise (9 meters) fifty to one hundred years  

 

 

 Assessing the vulnerability of St. Maarten’s Environment to climate 
change 

Vulnerability of the natural environment is a multi- faceted concept which 
includes exposure (the nature and degree to which a species, habitat, or 
ecosystem is exposed to significant climate variations, such as higher 
seawater temperatures) and sensitivity (the degree of the effect that may 
result from a given level of exposure to climate change, e.g. gorgonian 
populations are sensitive to a rise in seawater temperature) to a potential 
impact, as well as adaptive capacity, or the capacity of the environment to 
adjust to climate change with minimum impact through coping strategies and 
long- term adaptation (Füssel, 2007). 

St. Maarten coastal habitats that are considered most vulnerable, due to a 
combination of potentially high exposure and sensitivity to climate change, 
include The Simpson Bay Lagoon, low-lying beaches, saline wetlands and 
ponds (Great Salt Pond), nursery sites (Mullet Pond), Coral Reefs, and Sea 
Grass meadows. 

The vulnerability of St. Maarten and the Man of War Shoals MPA to climate 
change will thus depend on a range of factors, such as the sensitivity of the 
site, the degree of exposure and its adaptive capacity. It will therefore be 
specific to a given location, species or community and depend on its 
ecological and socio-economic characteristics. 

 

 

 

 

 



Table 1. Vulnerable pre-identified habitats (UNEP-MAP, 2009) and potential 
climate change impacts. 

 

 

Vulnerable 
pre-
identified 
habitats 

 

 

Potential impacts 

 

Coastal lagoons, saline wetlands and 
ponds 

 

Inundation, flooding, salinization. 

 

Sandy low-lying beaches 

 

Effects of more frequent and 
extreme weather events on low-
lying coasts can potentially 
submerge low-laying areas with 
loss of nesting beaches. 
Increase in erosion, particularly 
on the seaward side; it can 
completely remove the sand 
from narrow beaches. 

Sand dune mobility. Acidification 
and changes in current 
dynamics can modify the benthic 
communities. 

 

Nursery sites 

 

Sea-level rise may impact 
coastal habitats important as 
breeding or nursery areas and 
reduce their size. Temperature 
increase may reduce 
populations of coastal fish, affect 
the life- history and movement of 
species, including commercial 
species and induce changes in 
the distribution of key fisheries 
and fishing effort. 

 

Coral Reefs 

 

Increase temperature and 
acidification could threaten 
calcium carbonate organisms 
algae) that sustain important 
structural habitats. Alien species 

could be favored by new climate 
conditions and/or outcompete 
species already affected by 
mass mortalities damages. 



 

Seagrass meadows 

 

An intense floration (i.e. caused 
by a temperature rise) could 
increase leaf mortality and have 
a negative net growth on some 
meadows. 

 

Sites with endemic, endangered and 
rare species 

 

Retreat of endemic habitats, 
keystone species and faunal 
assemblages. 

  

 

 

 Why monitor climate change effects in the Action Plan? 

The St. Maarten Coastal Zone is under growing pressure from both climate 
change and other anthropogenic influences, particularly coastal development. 
These pressures require an understanding and awareness of the 
environmental changes that are currently occurring and are likely to manifest 
themselves in the in the near future. Monitoring can be of assistance in 
identifying these adverse effects and providing early warnings. The inclusion 
of climate change in standard monitoring programs helps in assessing and 
putting in place appropriate management actions to protect the most resilient 
or least susceptible communities, habitats and areas, and in exploring other 
potential management adaptation strategies. 

Furthermore, these efforts will contribute to national, regional and international 
reporting requirements concerning biodiversity conservation and the 
Convention on Biological Diversity (CBD) targets.  

 

 indicators and monitoring procedures 

 Seawater temperature anomalies 

The analysis of the effects of climate change on biodiversity requires robust 
temperature datasets for coastal areas. First, such temperature time series 
will make it possible to characterize thermal regimes as a basis for assessing 
their current vulnerability to warming. Secondly, they will be vital for detecting 
temperature anomalies and for tracking warming trends in coastal areas.  

Large-scale sea-surface temperature data obtained from satellite images 
show a clear warming trend in the Caribbean. However, there is still limited 
information on the warming and changes in stratification dynamics occurring 
in coastal areas.  

Validated circulation models can be a powerful and reliable tool for forecasting 
and evaluating the expected impact of climate change at spatial scales 
relevant to management.  

The most significant resource for this is the NOAA Sea Surface Temperature 
Monitoring Indicator used on NOAA.org 



 

 

 

 

 

 

 

 

 

INDICATOR 

Anomalies of salinity, pH  

Several chemical and physical parameters of the seawater column, such as 
salinity, dissolved oxygen concentration, pH, organic and inorganic nutrients, 
and turbidity are recommended for measurement as they will provide a direct 
or indirect indication of the stability of marine communities. Surface salinity 
and pH are particularly important because they are most likely to change with 
climate variability and to have observable effects on marine communities (see 
page 14). 

 

 PROPOSED MONITORING PROCEDURE 

 Methods 

Samples are to be collected using standard sampling vials. Once collected the 
samples are tested for the various levels within 24 hours using the LaMotte 
Water Pollution testing kit (figure 2). Once levels are measured the data will 
be recorded and stored. pH levels and water temperature are to be tested 
using the Oakton Acorn Series pre-calibrated pH meter. Similarly the Salinity 
will be measured using an Oakton Salinity Meter  

A note on Accuracy: 

The parameters researched using the LaMotte water quality testing kit are 
accurate to 0.01 ppm which reflects a high level of accuracy. The same 
accuracy applies to the Oakton pH, temperature and salinity measures. 
Measurements of Fecal Coliform showed only a presence or absence value 
and not the precise levels present. 

Sampling 

Sampling water will be done with great care in order to avoid cross 
contamination and a skewing of results. Water samples are to be taken right 
below the surface through submersion of the sampling vial. Dissolved oxygen, 
Salinity, pH, turbidity and temperature were tested and other parameters were 
tested in the Nature Foundation Offices. 

 

Dissolved oxygen 



Direct reading titration procedure, uses a modified Winkler method. Range 0.2 
to 1.0 ppm (0.2 ppm interval), five reagents. 

Nitrates  

Quartet comparator method, uses the modified A.P.H.A. reagent system. 
Range 0.2 ppm to 1.0 ppm (0.2 ppm, 0.4 ppm, 0.6 ppm, 1.0 ppm), four 
reagents. 

Phosphate 

Quartet comparator method, uses the absorbic acid method to produce a 
series of blue colors. Range 0.2 ppm to 1.0 ppm (values 0.2, 0.4, 0.6, 0.8, 1.0 
ppm), four reagents. 

PH and Temperature 

Using Pre-calibrated Meter 

Salinity 

Using Pre-calibrated Meter 

MPA CASE STUDY 2 

 

 INDICATOR 

 Changes in reproduction and breeding dates of sea turtle species 

 Nesting season and hatching success 

 

In sea turtles, sex determination is dependent on incubation temperature. 
Lower temperatures result in male hatchlings and higher temperatures 
produce females. This means that eggs laid early in the season could be 
more likely to produce male hatchlings than eggs laid later on. For the 
breeding sea turtle species by recording the dates of arrival and of the start of 
the breeding (nesting) season, as well as hatching and nestling success, it is 
possible to analyze trends in the timing of these events and their potential 
effects. 

 PROPOSED MONITORING PROCEDURE 

Nesting beaches should be periodically monitored, and the dates of arrival 
and of the start of the breeding (nesting) season should be recorded for each 
species. 



 

Nesting Green Sea Turtle, Guana Bay Beach 

 

 3. Episodic events 

Since the mid-1970s, large-scale episodic events such as disease epidemics, 
mass mortalities and biological population blooms have been occurring in 
marine environments with increasing frequency, intensity, variety and range 
(Harvel et al., 1999; Hayes, 2001). There is some evidence that climatic 
anomalies are the underlying (direct or indirect) cause of many of these 
events (Harvel et al., 1999, 2002). Episodic weather events such as storms 
change flows and the export of nutrients to coastal waters, and also affect the 
salinity of coastal ecosystems. Temperature anomalies, even of short 
duration, can also trigger population explosions of species such as jellyfish, 
toxic blooms of phytoplankton, blooms of harmful benthic algae, mucilaginous 
blooms, and pathogens causing mass mortalities of marine organisms and/or 
serious harm to tourism and coastal industries.3 

  

 

 

 

 

 

 

 



INDICATOR 

 Mass-mortality events (Coral Bleaching) 

Corals are in an obligate symbiosis with single-celled photosynthetic 
algae called zooxanthellae, which live in the coral’s tissue. Corals get 
their energy from the photosynthetic products of the zooxanthellae. 
These algae also help rapid calcification, which is needed to form reef 
structures. The corals give the zooxanthellae protection and essential 
nutrients like nitrogen and inorganic carbon. The deep brown color of 
the corals results from the photosynthetic pigments within the algae. 
Coral bleaching describes the partial loss of zooxanthellae by the coral 
host or of the photosynthetic pigments within the algae. This makes the 
tissue layer translucent and the white calcium carbonate skeleton of the 
coral can be seen (Lough & van Oppen, 2009). 

 

The major triggers of coral bleaching are elevated sea temperature and 
solar radiation or a combination of both. Reduced salinity and 
decreased sea water temperatures can lead to local bleaching. Another 
possible cause of coral bleaching could be bacterial and other 
infections (Brown, 1997). Berkelsman (2009) showed that elevated sea 
temperature is the most important inducer of coral bleaching with the 
total monthly  

 

UV radiation rated less than 18% of the importance of maximum 
monthly sea surface temperature (SST) in his prediction model (Figure 
3.1).  

 

 PROPOSED MONITORING PROCEDURE 

Follows is the Nature Foundation St. Maarten Coral Reef Bleaching Response 
Plan. The initial section includes fields related to tasks and responses 
followed by a more detailed explanation of the fields. The response plan is 
divided into a pre-coral bleaching plan which will be executed during 
bleaching season but prior to bleaching events. The bleaching events actions 
will be executed once bleaching has been noticed and levels of actions 
depend on severity.  

 

 

 

 

 

 

 

 

 

 



 

Coral Bleaching Event 

 

Tasks                  Communication  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Give regular feedback to fishermen, dive 

shops, the local government and other 

marine parks. Present them options for 

action if possible and ask for their view 
on them. 

Exchange information with other marine 

parks, especially ones in the Caribbean. 

 

Meet the local dive shops and their 

employers to explain them what they have 

to do when they detect high water 

temperatures or discover coral bleaching. 

Tell them which information is important 

for the Marine Park. 

 

2.  Early Warning System 

Climate Monitoring: 

Monitor seasonal sea temperature forecasts 

using the NOAAClimate Prediction Center. 

(http://www.cpc.noaa.gov/)  

Monitor seasonal coral bleaching outlooks 

from NOAA Coral Reef Watch (CRW). 

(http://coralreefwatch.noaa.gov/satellite/blea

chingoutlook) 

Monitor 3 to 7-day forecasts and weather 

summaries. 

Sea Temperature Monitoring: 

Actively monitor ReefTemp stress indices. 

(http://www.cmar.csiro.au/remotesensing/gbr

mpa/ReefTemp.htm) 

Actively monitor NOAA CRW HotSpot and 
degree heating week indices. 

(http://coralreefwatch.noaa.gov/satellite) 

Evaluate sea temperature from weather 

stations and local in water measurement. 

Bleach Watch: 

Look for signs of bleaching while working 

underwater in the Marine Park. 

Work together with dive shops to detect 

bleaching.  

Set up a data base to collect the bleaching 

information.  

(Maynard et al., 2009) 

 

Inform fishermen, dive shops and the 
local government about this monitoring 

and explain them why you are conducting 

it. 

1.   Maintaining a reef that is resilient to 

coral bleaching. 

Monitoring of sea urchin, parrot fish and 

surgeon fish population including 

intervention when needed. 

Regularly conduct CoralWatch and Reef 

Check surveys to collect data about the reef. 

 

 

Pre-Coral Bleaching Event 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ecosystems resilience is the ability of the system to maintain key 
functions and processes in the face of stresses by either resisting 
or adapting to change. A resilient reef will be less affected by coral 
bleaching and can recover faster. Figure 5.2 shows what resilience 

to coral bleaching all includes. 

 

 

 

 

 

 

 

 

 

Present your findings of the end 
assessment to fishermen, dive shops, the 

local government and other marine parks. 

Inform fishermen, dive shops, the local 

government and other marine parks of the 

interventions you plan. Conduct a meeting 
or workshop if needed, especially if the 

interventions affect them and their work. 

 

 5.  End assessment 

Evaluate data collected before, during and 

after the bleaching event. 

Evaluate impact of management 

interventions conducted. 

Evaluate impact of the communication 

measurements. 

Write a report about the bleaching incident. 

4.  Management interventions 

Protect herbivore populations (sea urchin, 

parrot fish and surgeon fish) by either 

banning trap and spear gun fishing, 
implementing a non take policy on these 

species or a non fishing policy on reefs 

severely affected by bleaching. 

Limit diving and snorkeling activities on 

reefs severely affected by bleaching. 

3.  Impact assessment 

Work together with dive shops to detect 

severity of bleaching and type of coral 

affected. 

Use timed swims to detect which areas suffer 

from bleaching. 

Conduct CoralWatch and Reefcheck surveys 

at the sites it is regularly conducted and the 
sites suffering from bleaching. 

Conduct a socioeconomic impact study.  

(Marshall & Schuttenberg, 2006) 

 

 

Coral Bleaching Event 



 

 

 

 

 

 

 

Figure 3.2 Coral reef ecosystem resilience to mass coral bleaching The 
resilience of coral reef ecosystems to mass coral bleaching can be thought of 
as the integrated result of coral ‘resistance’ to heat stress, coral ‘tolerance’ 
during bleaching events, and reef ‘recovery’ after bleaching-related coral 
mortality. ‘Resistance’ determines the extent to which corals either withstand 
exposure to heat stress or bleach. Once bleached, tolerance determines the 
extent to which corals either survive the bleaching event or die. When coral 
mortality is high, reef recovery determines the extent to which the system either 
re-establishes coral dominance or remains degraded (Marshall & Schuttenberg, 
2006). 

 

Resilience to coral bleaching consists of three aspects: coral 
resistance, coral tolerance, and reef recovery. They are determined by 
a number of factors that can be broadly grouped into four categories: 
(1) ecosystem condition, (2) biological diversity, (3) connectivity 
between areas and (4) local environmental conditions. Implementing 
actions that either protect or strengthen these four resilience-conferring 
factors can help coral reef ecosystems survive predicted increases in 
the frequency and severity of mass coral bleaching events (Marshall & 
Schuttenberg, 2006). 

 

Ecosystem conditions include coral condition, coral cover, water 
quality and fish abundance. They influence survivorship and recovery 
after a mass bleaching event (Marshall & Schuttenberg, 2006). Coral 
conditions and water quality can be difficult to influence through a 
marine park. High fish abundance has a positive feedback on coral 
cover, it is therefore important that management actions are taking to 
reflect this. 

 

A healthy community of herbivores (diadema, parrotfish, and 
surgeonfish) is needed for a reef to recover after corals have died. They 
help coral recruitment by controlling the growth of algae and prevent the 
reef from turning into an algae dominated ecosystem (Aronson & 
Precht, 2006). Diadema are more effective grazers than parrotfish and it 
is therefore important to have them present in the reefs. Especially with 
the present coral cover of about 25% a decline to a stable macroalgal-
dominated state will be likely if diadema are not present (Figure 4.9). 
For this reason it is suggested that the Nature Foundation carefully 
monitors herbivore populations on  

 



local reefs. The grazing capacity should always exceed the level of the 
unstable equilibrium to make sure the reefs can recover after mortality. 

 

Biological diversity increases resilience by enhancing coral resistance 
to bleaching, coral survivorship during bleaching, and reef recovery 
after mass bleaching mortality. It is mostly genetic diversity within 
species which has a positive impact on resilience. Biological diversity 
means also having different species that fulfill the same function. This 
function will not be lost when a single species dies, and the ecosystem 
is less likely to collapse (Marshall & Schuttenberg, 2006).  

 

Genetic diversity of corals and zooxanthellae is difficult and costly to 
measure, therefore it is not suggested that the Nature Foundation 
should take any step in this direction. The diversity in coral species can 
only be changed by coral implantation, which is costly and time 
consuming. Since the diversity of corals is high on some local reefs, 
actions in this direction would not have a big effect to increase 
resilience. Having several herbivore species is important for the 
resilience of a reef in case one of them experiences mass mortality as 
Diadema antillarum did in 1983 (Mumby et al., 2007). Therefore actions 
should be taken to seek an increase in the local herbivore population. 
This effort goes well together with keeping herbivore population high to 
maintain ecosystem conditions. 

 

Connectivity plays a major role in reef recovery as it makes larvae drift 
to a damaged reef more likely (Marshall & Schuttenberg, 2006). Most 
reefs local reefs are well connected and the non reef habitats between 
them are relatively healthy, therefore no action is needed to increase 
connectivity. It might become an important part of managing coral 
bleaching in the future if bleaching increases in frequency and severity 
(Marshall & Schuttenberg, 2006). 

 

The Local environment can be responsible for how much heat stress, 
light levels or current speed a reef is exposed too. This is a very short 
scale factor and can vary even within a reef. It is very useful to identify 
resilient reefs which could be used as seed banks for other reefs 
(Marshall & Schuttenberg, 2006). 

 

It is important to be able to predict coral bleaching before it happens. It 
gives managers the possibility to start communications with 
stakeholders and the public early. Also managers can start planning the 
interventions they want to conduct once the bleaching starts. 
Furthermore, the credibility of managers is elevated by a successful 
prediction of bleaching. A manager who did not foresee a bleaching 
event can suffer from lack of information having to respond to questions 
from the media and stakeholders.  

Fortunately, mass coral bleaching events are easy to predict since they 
are preceded by a series of stages. During stage one; tropical sea 
temperatures are rising due to climate conditions like long, calm 



cloudless periods or El Niño (See chapter 3.2 for effects of El Niño on 
the Caribbean). A climate monitoring as shown in figure 5.1 is needed 
to detect climate conditions like these. When calm clear conditions, 
above average summer air and sea temperatures or below average 
rainfall is predicted, logistic preparations for a coral bleaching event 
should start. This is also the moment when one wants to start the sea 
temperature monitoring as described in figure 5.1. When high sea 
temperatures are discovered, the bleach watch part of the early warning 
system should be started (Maynard et al., 2009). As soon as bleaching 
is detected by bleach watch, it is considered a bleaching event and 
impact assessment will start. 

 

To be able make timely and effective management decisions and 
communicate the situation to others, a rapid assessment of the extent 
and severity of a bleaching event is crucial. This includes an ecological 
and socioeconomic assessment.  

 

There are many ways to assess the ecological impacts. Not all of 
them are suited for the coral reefs of St. Maarten, either because they 
are too costly or because they are designed for reefs of the size of 100-
1000 km. Three methods were selected to assess the ecological 
impact. The first method is working together with the dive shops to 
detect severity of bleaching and type of coral affected. A partnership 
with the dive shops is inexpensive and not very time consuming. The 
dive shops are interested in healthy reefs and therefore will be willing to 
provide the Nature Foundation with information. Timed swims should 
also be used to detect the ecological impact. This is a broad scale 
assessment and has the advantage that it identifies which reefs are 
affected by bleaching and how severely they are affected. For a closer 
assessment CoralWatch and Reefcheck surveys should be conducted 
at sites suffering the most from coral bleaching. This is very time 
consuming and the amount of sites which can be studied this way will 
be determined by time and staff members available.   

 

Reef Check is used to determine the state of coral reefs all over the 
world. Fish, invertebrate and substrate data are collected to get an 
overall view on the health of the reef ecosystem.  

 

Reef Check surveys are conducted using a 100 meter transect line. 
Data is collected from 0 meter to 20 meter, from 25 meter to 45 meter, 
from 50 meter to 70 meter and from 75 meter to 95 meter away from 
the start of the line (Figure 4.3). There are three different protocols 
which are filled out during this survey: fish, invertebrates and substrate. 
The fish and invertebrate data is collected using indicator species. For 
the fish survey a five by five meter imaginary square with the transect 
line in the middle of the bottom of the square is used. All species within 
this area are counted (Figure 3.3a). All invertebrates which are within 
2.5 meters of each side of the line are recorded in the protocol (Figure 
3.3b). To assess the substrate a plumb line (string with a small weight 
attached) is put down on every 0.5 meters of the transect line and the 
substrate which it touches is recorded. 



 

Distance in m:    0                       20         25                    45          50                       
70       75                          95  

Figure 3.3 Reef Check Transect line. This figure shows a transect line used for 
Reef Check. Data is collected only on the orange part of the line. 

 

 

 

Figure 3.4 Method to collect fish and invertebrate data. This figure shows how 

the data for the fish and invertebrates is collected on the transect line. The 
transect line is shown in orange. A Method to collect fish data. All 
indicator fish species in a square of five by five meter around the 
transect line are accounted for. b Method to collect invertebrate data. 
All indicator invertebrate species within 2.5 meter of either side of the 
transect line are recorded. 

For the graphs used in this study, the total amount of parrotfish (fish 
data) and diadema (invertebrate data) per transect line will be used. 

From the substrate data the percentage of ground covered by hard 
coral, soft coral and nutrient indicator algae will be utilized. Since the 
transect line is split into four segments, the standard error plotted in the 
graphs is the standard error of the mean of those four data sets. The 
percentage of total coral cover was calculated by adding the hard coral 
cover and the soft coral cover. 

The Nature Foundation also uses CoralWatch to monitor coral 
bleaching. Like in Reef Check a transect line is laid, but the length of it 
is not given, corals are recorded till the data sheet is filled (30 corals). 
For every coral which is directly under the transect line, the darkest spot 
and the lightest spot is recorded using the CoralWatch chart (Figure 
4.5). This is done by matching the color of the coral with an according 
color on the chart, which results in a score between one and six. The 
data is then entered in the online CoralWatch database, which 
produces different graphs for the user.  

5 m 

5 m 5 m 

a b 



 

Figure 3.5 CoralWatch chart. This chart is used to record the color of the corals 
when conducting CoralWatch source: CoralWatch. 

 

Socioeconomic assessment includes identifying the potential social 
and economical impacts of a bleaching event and evaluating the social 
and economic costs and benefits of various coral bleaching 
management strategies. This is done through integrating local 
knowledge with expert knowledge and it will include increased public 
involvement (Marshall & Schuttenberg, 2006). For the socioeconomic 
assessment one should study chapter 2.3. This will help to evaluate 
which impact the bleaching event has on the economics of the island. 
As a part of this evaluation, the local community should also be 
interrogated including asking them which management strategy they 
prefer and why. 

The main causes of coral bleaching (above average sea water 
temperatures, high radiation) are out of control of Marine Park 
Managers. But there are still actions which can be done to reduce the 
impact of bleaching events.  

Fishing has an impact on herbivore populations. As explained in 
chapter 3.1, herbivores play an important role in facilitating recovery of 
coral reefs. During a coral bleaching event, a reef manager may wish to 
protect the herbivore population more than they are already protected 
by the current Marine Park laws (Marshall & Schuttenberg, 2006). This 
can be done with many different approaches. One possibility is to ban 
trap and spear gun fishing. They target a high proportion of species 
which enable coral recovery after mortality. In a study in Kenya, they 
found that hand lines are more profitable than traps and therefore 
should be used as a good alternative (Figure 5.3) (Cinner et al., 2009). 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Figure 3.6. Plot of damage to coral, selectivity for species with high or moderate 
coral association, and profitability (indicated by size of bubbles) by gear type. 
Unshaded circles indicate the variation in profitability between crew and owners 
(for beach seine nets and gill nets only). Data has been collected in Kenya 
(Cinner et al., 2009). 

 

Another possibility to protect the herbivore population is through a non 
take policy on diadema, parrot fish and surgeon fish. This has an 
advantage because none of these valuable species will be fished, which 
is not guaranteed with the ban of fish traps and spear gun fishing. The 
last possibility is a non fishing policy on reefs severely affected by 
bleaching. This will not only help preserve the herbivores but will also 
take other fishing induced stressors off the reef.  

The majority of the local reefs, including most of the dive sites, are still 
not gazetted as the St. Maarten Marine Park. It is therefore essential 
that this occurs as soon as possible in order to facilitate management 
actions to maintain reef resilience to bleaching events. 

 

Snorkeling, diving and boat anchoring can cause physical injuries to 
corals if not carefully managed (Marshall & Schuttenberg, 2006). 
Anchoring should be prohibited and avoided at all costs. Diving on St. 
Maarten offshore reefs usually occurs under direct supervision of one of 
the dive centers or the Marine Park. This ensures that people do not 
touch the corals or harm them in any way. Of course, this is not a one 
hundred percent guarantee that no corals will be harmed, as an 
accidental touch is inevitable. This is why it may be necessary to limit 
diving and snorkeling on reefs that are severely affected by bleaching. 
Since severely bleached reefs are not what divers want to see when 
diving, limited diving on reefs affected by severe bleaching events 
should not be a serious issue for dive centers. 

Degraded Water quality affects corals as well and is an additional 
stressor when coral bleaching occurs. Corals need additional energy to 
clear sediments from their surface when sedimentation increases. 
During coral bleaching, energy is scare and this can lead to corals 
losing the battle against algae. Nutrient inputs can reduce coral 



recovery after bleaching-related mortality. The water quality in the 
Marine Park is mostly controlled by currents and swells and not by the 
island itself. If there is a sediment or nutrient input from the island when 
a bleaching event occurs, extensive actions should be initiated to avoid 
nutrient runoff from land, particularly the flushing out of the Great Salt 
Pond and sedimentation caused by development. 

After the coral bleaching event an end assessment should be 
conducted. This includes evaluation of the data collected before, during 
and after the bleaching event, the impact of the management 
interventions conducted and the impact of the communication 
measurements. All this information is then collected and a report about 
the bleaching incident is written. This stage is very important as it 
shows which actions worked and which did not and helps to improve 
the response to future coral bleaching events. 

Communication is very important during a coral bleaching event 
because many individuals are affected by it. It is therefore vital that the 
Nature Foundation is well informed and keeps the local community, 
especially the fishermen, dive shops and government abreast of the 
situation. The approach should be clear, well thought out, proactive, 
solution-oriented, balanced and respectful of political constraints 
(Marshall & Schuttenberg, 2006). Different stakeholders (dive shops, 
fishermen, local government and local community) are affected by the 
coral bleaching event. All of them should be informed appropriately and 
be involved in the decision making as much as possible. The level of 
knowledge about coral bleaching and the interest in the reefs of those 
stakeholders are very different. Therefore they have to be addressed 
individually. Since their cooperation is needed to be able to implement 
the management interventions, the communication between the Nature 
Foundation and those stakeholders should work very well.  

Communication with other marine parks will help in detecting coral 
bleaching risk early and deciding which management interventions 
should be taken. 

 

 

 5. Migration changes 

Evidence from regional studies of climate change effects have shown that 
some migrant species are shifting their migration departure time, the route 
they take or the time of their arrival in their wintering or breeding grounds 
(UNEP-CMS, 2006). Discrepancies between the new times of arrival or 
breeding and the availability of food supplies could have important 
consequences for the productivity and abundance of these populations or 
their prey. 

Long-term data can reveal trends in the spring or autumn arrival dates of 
these migratory species in MPAs. 

 INDICATOR 

 Recorded arrival dates of migratory species (Marine Mammals) 

Analysis of long-term data can reveal timing shifts in selected species. 
Migratory changes could in turn affect the productivity of these populations 
and the livelihoods of the fishing communities depending on them. 



In the case of most marine mammals, their distribution, abundance and 
migration are strongly influenced by prey availability. The habitat of the 
bottlenose dolphin Tursiops truncatus was found to shift from coastal to open 
waters in some areas during the abnormal temperatures recorded in 2003. 
Similar observations could give an idea about changes in their migration 
patterns. Oceanographic variation associated with climate change (e.g. 
temperature anomalies, stronger thermal stratification or differences in 
nutrient loads) can affect the abundance and distribution of prey species, 
producing a mismatch that may lead cetaceans to choose different habitats 
and feeding strategies in order to adapt to the new conditions. 

 PROPOSED MONITORING PROCEDURE 

A selection of a number a number of migrant species that are common in St. 
Maarten Territorial Waters should be recorded for their arrival. 

Local fishermen or other stakeholder groups might also be able to contribute 
invaluable information on trends in migratory animals. 

 

Data sheet for Marine Mammal Recording 



  

 1. Conserving and managing habitats under climate change 

 

Despite its challenges St. Maarten has a range of options for mitigating the 
effects of climate change and adapting to that change (Di Carlo and Otero, 
2012; also Keller et al., 2009; NRC, 2010). The options available for terrestrial 
zones include maintaining vegetation along beaches and the coast to create 
natural shading; reusing and recycling waste; incorporating climate change 
considerations into the planning of infrastructure maintenance and 
replacement; and minimizing coastal modifications so as to retain natural 
habitats that protect water and species and regulate local climate. 

Expanding high-priority marine areas for conservation — particularly those 
currently experiencing rapid climate impact and those that act as refugia and 
are likely to be resilient to climate change and/or support a broad array of 
species — will help in prioritizing future conservation efforts in the marine 
environment. 

Appropriate actions include limiting fishing gear and species-specific catches. 
It is especially important to control species that are detrimental to sensitive 
fish species and to encourage those that perform major ecological roles or 
compete with alien species; as such measures can assist in adapting to 
disturbances while maintaining the resilience of marine habitats. 

 

 2. Enhancing the capacity for effective management 

The ability of St. Maarten to adapt to climate change will be crucial to the 
future of the St. Maarten Coastal Zone. Incorporating adaptation into MPA 
management requires an overall view of the marine area (and any adjacent 
land areas) and integration across all sectors, including commercial and 
recreational fisheries, tourism, science, etc. Through partnerships with 
scientists, communities and other coastal stakeholders, stakeholders can take 
part in efforts to maintain the capacity of the environment to cope with climate 
change. 

Monitoring plays a vital role in climate change adaptation. It can alert to 
changes in the environment and their associated impacts and consequences 
in the marine communities. 

 

 3. Increasing knowledge and information on impacts for adaptive 
management 

The effective adaptive management of St. Maarten Ecosystems requires both 
long-term monitoring and collaboration with local and regional partners to 
implement this program. Some of the indicators described previously and the 
monitoring strategies proposed will have to be refined and enhanced on the 
basis of future scientific knowledge. 

Monitoring results can be used to identify key vulnerable habitats and 
communities and, as information is gathered, to aid in developing effective 
management strategies. The most important of such adaptation strategies will 
include creating no-take zones; adjusting buffer zones to protect areas of 
upwelling and nursery habitats that provide high marine productivity; 
identifying and incorporating resilient sites (refugia) into the management 



design to facilitate the recovery of less resistant areas; and reducing local 
impacts and stressors in projected high-risk (vulnerable) areas. 

By increasing communication with scientists and participating in meetings and 
forums, stakeholders can ensure that research objectives are aligned with 
their resources needs and priorities for addressing climate change.  

 

 4. Using decision support tools for adaptive management and 
dialogue 

Decision support tools such as vulnerability and risk assessments, strategic 
habitat conservation approaches and scenario planning, can be created in 
pilot projects to help improve the understanding of adaptation options and 
assist decision making under uncertain conditions. Existing knowledge should 
be collated, the climate analyzed and data integrated to produce readily 
usable information, which can help to rapidly assess climate change impacts, 
facilitate the adaptation of individual species, increase habitat resilience and 
identify pressures that may conflict with ecosystem needs. 

As climate change models become more precise through the acquisition of 
local and regional information, the modeling of different scenarios could help 
describe the varying vulnerabilities. These results, together with knowledge of 
the direct and indirect effects of climate change, will help to determine the 
range of possible mitigation measures and adaptive strategies in MPAs. 

Collaboration and dialogue with research groups and other institutions can 
provide guidance on conducting assessments and reporting, and can 
encourage other stakeholders to become involved in effectively managing 
MPAs in a changing climate. 

 

 5. Increasing awareness and information 

Communicating the benefits of PAs, their vulnerabilities and expected future 
changes can motivate stakeholders (the public and nature resource 
managers) to take part in planning efforts and actions to mitigate impacts. 
Protected area information centers should inform visitors about what climate 
change means and what effect it may have. 

Moreover, raising awareness among local residents and users is vitally 
important, and involving them in monitoring activities can be an effective way 
to engage communities and raise their awareness of climate change. 

 

 

 

 

 

 

 

 



 Conclusions  

From January to November 2013 the St. Maarten Nature Foundation has 
been compiling a rudimentary control plan to combat the effects of climate 
change to the coastal and nearshore environments of the country.  

This document is constructed as a plans of approach regarding the tackling of 
the effects global warming will have on the Marine and Coastal Zone 
Ecosystem of St. Maarten. This plan gives an overview of the causes and 
threats posed by Global Warming to the Marine and Coastal Zones, 
Parameters for Monitoring and Recording those threats and possible 
mitigating suggestions to the effects caused by Climate Change to the 
Coastal and Marine Environment, which are the ecosystems and population 
centers most greatly affected by Climate Change. 

From the mid-19th to the beginning of the 21st century, the air temperature at 
the earth’s surface increased by between 0.6 and 0.8°C, and this warming is 
expected to accelerate during the current century if mitigating measures are 
not put in place. The sea plays a key role in limiting this process as more than 
80% of the heat absorbed by the planet accumulates in the world’s oceans. 

For St. Maarten Climate Change will bring with it serious consequences, 
particularly with regards to sea level rise, ocean acidification, invasive species 
and coral bleaching. It is estimated that by 2073 various districts on the island 
including Great Bay, Simpson Bay and Cole Bay will be submerged if current 
estimated sea level rise continues. The report outlines suggestions for 
mitigating the effects climate change will have on the country and outlines 
plans of action for addressing the issues climate change will bring with it. 

St. Maarten, as a Small island developing State, is particularly vulnerable to 
climate change, climate variability and sea-level rise. The population of small 
islands like St. Maarten tends to have their population and infrastructure 
concentrated in the coastal zone and any rise in sea-level will have significant 
and profound effects on the economy and living conditions. The St. Maarten 
Nature Foundation hopes that, with this report, some measures can be taken 
to alleviate the stress climate change will have on St. Maarten.   
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