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1. Introduction 

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.  

2. 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 colour 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). 

2.1 Causes of coral bleaching 

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/m
2
, 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). 

 

2.2 Weather conditions that can lead to coral bleaching 

El Niño-Southern Oscillation
*
 (ENSO) events are known to trigger coral bleaching 

especially in the eastern Pacific (Figure 3.2a). Four major global bleaching events 

occurred in years with a very negative deviation of the Southern Oscillation Index
*
 

(SOI), El Niño
*
 years. Coral reefs in the west Pacific show more bleaching during La 

Niña
*
 years, when the water warms up in this region (Figure 3.2c) (0liver et al., 2009). 

In the Caribbean, coral bleaching often occurs a year after the actual ENSO event  

                                                 
*
  See Glossary. 



 

(Figure 3.2b). In 2005, the year of a major coral bleaching event in the Caribbean, the 

global temperatures were higher than in 1998. Only 0.2°C of this 0.9°C rise in ocean 

temperature was due to the mild El Niño in 2004-2005, The Atlantic multidecadal 

oscillation
*
 (AMO) caused an increase of 0.1°C and the continuous rise in global SST 

was responsible for 0.45°C of the warming. Due to global warming coral bleaching 

events like this could occur almost biannually in the Caribbean by the year 2030 

(Eakin et al., 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 Significantly (at 5% level) warmer (red) or cooler (blue) annual maximum SST 

difference: a El Niño year t, b El Niño year t+1, c La Niña year t and d La Niña year t+1. 

Average values calculated for 20 El Niño events, 20 La Niña events and tested for significant 

differences from 20 ENSO-neutral years. The groups of years were identified from the Troup 

(1965) SOI updated by the Australian Bureau of Meteorology (Eakin et al., 2009). 

 

 

Another factor that can influence coral bleaching is local weather conditions. 

Hurricanes, aerosols, local water quality, upwelling and oceanographic cycles can 

make coral bleaching events less severe because they cool off the water (McClanahan 

et al., 2009). Wind has a big influence on water temperature and therefore on coral 

bleaching. Low winds can reduce vertical mixing, evaporative cooling and sensible 

heat transfer, leading to high water temperatures and light penetration, which are all 

causes of coral bleaching. Another effect of calm weather is increased stratification in 

the water column. Due to this photo-degradation of colored dissolved organic matter 

is enhanced and shading is reduced (Eakin et al., 2009) making a coral bleaching 

event more likely. 

2.3 Effects of coral bleaching 

Coral bleaching changes the biochemical composition of coral tissue. Proteins, lipids, 

mycosporine-like amino acids and carotenoid concentrations can be reduced. The fatty 

acid and lipid content of bleached coral is significantly lower than in healthy corals. 

Due to this, the reef can be changed in the following ways: 



 

- Reduction/interruption of metabolic processes in the host 

- Significant reduction in translocation of the photosynthetic products 

- Reduction in growth rates 

- Reduction in mucus production 

- Reduction in competitive abilities 

- Reduction in heterotrophic feeding activities 

- Reduced capacity to regenerate tissue 

- Increased susceptibility to diseases/stress 

- Partial/total mortality of the colony 

- Changes in the structure and functioning of population and reef communities 

- Reduction in live cover 

- Reduction/increase in diversity 

- Phase shifts to different group/species community composition 

 

The reproductive output of corals is also affected by bleaching. It can alter the egg 

size and quality; reduce the polyp fecundity and the number of whole colonies 

breeding in a given year (McClanahan et al., 2009). 

 

Coral bleaching does not only affect the corals but the whole reef ecosystem. It 

decreases the net rate of calcium carbonate accretion and can change the primary 

production (McClanahan, 2009). The space provided by dead corals can be used by 

turf-forming algae colonies. If the site lacks herbivorous fishes and/or urchins, fleshly 

macroalgae can develop within months after the corals have died and limit the future 

recovery of the coral reef. It could even lead to a phase shift from coral to macroalgal-

dominated reefs. This will have severe consequences for motile reef fauna. Species 

which are specialized on live corals for feeding, shelter or recruiting will not be able 

to survive in an algae-dominated reef. 

 

The immediate effect of coral bleaching on a coral reef ecosystem is the loss of live 

coral tissue, this effects species which feed, shelter or recruit on live corals. Their 

physiological condition and reproductive output can decline due to the bleaching. It 

can also lead to a decline in biodiversity, shifts in species compositions and local 

extinction of certain species. After a coral bleaching event with extensive mortality, 

the structural complexity of the reef declines trough erosion of dead coral skeletons. 

This has a strong influence on competition and predations and has a bigger impact on 

motile reef organisms than the loss of coral cover by itself. Approximately 65% of 

reef fish need live coral to settle in new locations, declined reefs struggle therefore to 

regain the species they hosted before. 

 

Coral bleaching also has a major effect on the local economy. The decline of the 

diversity of motile reef organisms and their numbers will have an effect on the catch 

rates of fishermen. Tourists who visit a location with extensive coral bleaching and  



 

severe reef mortality may not return because their opinion of the destination is linked 

to the state the reef and the fish communities are in (Pratchett et al., 2009). 

2.4 Coral bleaching vulnerability 

Hydrocorals and scleractinians are most affected by coral bleaching. Branching corals 

suffer more of bleaching and show a higher mortality than non-branching corals 

(McClanahan et al., 2009). A study of Caribbean corals including Montastrea 

annularis, M. cavernosa, Agaricia agaricites, and A. lamarcki (Figure 3.3), shows that 

taxa respond differently to stress induced coral bleaching. In the field, it has been 

observed that Montastrea annularis is one of the first species to suffer of coral 

bleaching. M. cavernosa on the other hand rarely bleaches. The result of the study 

showed that the density of zooxanthellae in Montastrea annularis, Aguricia lamarcki 

and A. agaricites is significally reduced when they are exposed to abnormally high 

temperatures. But M. cavernosa showed no significant reduction in algae during the 

experiment (Fitt & Warner, 1995). 
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Figure 3.3: 

aMontastrea annularis source: www.meerwasser-

lexikon.de  

b A. lamarcki source: http://www.xcalak.info  

c Agaricia agaricites source: http://reefguide.org  

dM.cavernosa source:  www.advancedaquarist.com. 

 

Not only the difference in vulnerability to coral bleaching of different species 

determines whether or not a coral bleaches, but bleaching is also habitat specific. 

Mortality after a bleaching event is lower at greater depth, in turbid habitats and 

lagoons while reef edges suffer the most from the bleaching. Isolated reefs have less 

recruitment from other reefs and are therefore much more sensitive to a drop in 

viability of local populations. 

 

The composition of the coral reef ecosystem also plays a vital role in the response to 

high temperatures and coral bleaching. Corals which have survived a bleaching event  



 

are less likely to be bleached in subsequent bleaching inducing conditions. Herbivore 

populations (diadema, parrotfish, and surgeonfish) determine how fast a coral reef can 

recover from coral bleaching. After a severe coral bleaching event with a lot of 

mortality, coral recruitment is dependent on the availability of reef substrate suitable 

for settlement. Herbivores crop algae and maintain the benthos in a suitable state for 

coral recovery and can lead to a coral cover regain within five to ten years 

(McClanahan et al., 2009). 

 

The presence of diadema is very important for reef recovery since parrotfish can only 

graze about 40% of the reef. Modest urchin (diadema) populations are more effective 

grazers than parrotfish and a combination of both will make a reef very resilient 

against changing into an algae dominated ecosystem (Figure 3.4) (Mumby et al., 

2007).  

 

Figure 2.4 Probability that reefs of given initial state will remain above the unstable 

equilibrium during a 25-year period. The physical disturbance regime includes stochastic 

hurricanes with a 20-year periodicity and the algal–coral overgrowth rate is 8 cm2yr-1. The 

unstable equilibrium is denoted with a thick dashed white line. Reefs above and to the right of 

an unstable equilibrium follow a trajectory towards a stable equilibrium at high coral cover 

whereas those below and left of the line decline to a stable, macroalgal-dominated state with 

low coral cover (Mumby et al., 2007) 

 

 

 

 
 

 



 

3. Response Plan 
 

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 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 snorkelling 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 



 

3.1 Maintain a reef that is resilient to coral bleaching 

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. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

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. A 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). 

3.2 Early Warning System 

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. 

3.3 Impact assessment 

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 colour of the coral with an according 

colour 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.  

 

Figure 3.5 CoralWatch chart. This chart is used to record the colour of the corals when 

conducting CoralWatch source: CoralWatch. 
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5 m 5 m 

a b 



 

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. 

3.4 Management interventions 

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 loosing 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. 

3.5 End assessment 

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. 



  

3.6 Communication 

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 

governement 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. 

 

4. Conclusion 

The main cause for coral bleaching is elevated sea temperatures. With the global 

temperatures rising due to climate change, coral bleaching events will occur more 

frequently. St. Maarten is very dependent on its reefs. This makes it important to be 

prepared for a bleaching event and to have a Coral Bleaching Response Plan.  

 

The reefs of St. Maarten face a large amount of stress, making them less and less 

resilient to a coral bleaching event. With the establishment of the St. St. Maarten 

Marine Park many of the actions which the Coral Bleaching Response Plan 

recommends will be facilitated and implemented. Despite this the Nature Foundation 

will continue to implement actions outlined in this response plan. 

 

On a regular base the reefs are monitored using the Reef Check and CoralWatch 

methods and the weather and sea temperatures will be checked. Good communication 

will be the most important task during a future bleaching event. The success of the 

other measurements will be dependent on it.  

 

 

 

 

 



  

5. Glossary 

Atlantic multidecadal oscillation (AMO) 

The North Atlantic Ocean on goes a series of long-durations changes in the sea 

surface temperature called AMO. The cooling and warming phases of the AMO can 

last from anywhere between 20-40 years. The difference between the extremes is 

about 1 °F. Most of the Atlantic between the equator and Greenland change the same. 

During warm phases of the AMO, the change of the occurrence of severe hurricanes is 

at least twice as big as during the cold phase (NOAA, 2005). 

El Niño  

During El Niño the sea-surface temperatures in the east-central equatorial Pacific is 

above average. It represents the warm phase of the ENSO cycle, and is sometimes 

referred to as a Pacific warm episode (NOAA/ National Weather Service, 2005). 

El Niño-Southern Oscillation (ENSO) 

The ENSO is the year-to year variation in sea-surface temperatures, convective 

rainfall, surface air pressure, and atmospheric circulation the equatorial Pacific Ocean. 

This variation can be stronger in certain years than others. The opposite extremes in 

the ENSO cycle are called El Niño and La Niña (NOAA/ National Weather Service, 

2005). 

La Niña 

When the sea-surface temperature across the east-central equatorial Pacific is cooler 

than average it is called La Niña. It represents the cold phase of the ENSO cycle, and 

is sometimes referred to as a Pacific cold episode (NOAA/ National Weather Service, 

2005). 

Southern Oscillation Index (SOI) 

The sea level pressure in eastern and central Pacific can indicate the cyclic warming 

and cooling of this ocean. This is why the SOI is generated by using the difference 

between the pressure measured at Darwin and the pressure at Tahiti. A positive 

number indicates La Niña and a negative number indicates El Niño 

(NOAA/OAR/ESRL PSD, 2009). 
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