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Ecosystem services 
 
Tropical coastal marine ecosystems embrace mangrove, seagrass, and coral and rock reefs. 
The complex structure of these ecosystems enables a large number of species to survive and 
coexist. Such ecosystems provide essential ecological services assessed according to health 
status and trend changes. Due principally to human pressure, tropical coastal marine 
ecosystems have significantly decreased during the past decades (Burke et al. 2011) and only 
few signs of recovery are visible (Graham et al. 2011). 

1. Definition. 
 
Environmental goods and services 
Environmental economics developed in the 90’s. End of the 1990’s, economists started to 
work on nature valuation. One of the major references on environmental economy concepts 
is probably (Costanza et al. 1997), in which the authors attribute a minimal value to the 
global ecosystem of 33 trillions USD, representing twice the PNB of the United States (18 
trillions USD). In this paper, the authors evaluate the economical value of coral reefs at 6075 
USD/ha/year. 
Ecosystems have two major components: structure (vegetal and animal biomass, non 
biological materials) and function (energie and fluxes). These components correspond 
respectively to economic goods (structure) and services (function) (Barbier 1994).  
Goods and services classification of coral reefs and mangroves have been established. The 
classification from the United Nations Environmental Program (UNEP) is described in the 
Millenium Ecosystem Assessment 2005 (Table 1). 
 

Table 1. Coral reefs and mangroves services after UNEP-WCMC (2006) 

Services 

 

Coral Reefs 

 

Mangroves 

 

Regulating 

 
Protection of beaches and coastlines from 
storm surges and waves 
Reduction of beach erosion  
Formation of beaches and islands 

Protection of beaches and coastlines from 
storm surges, waves and floods 
Reduction of beach and soil erosion 
Stabilization of land by trapping sediments 
Water quality maintenance  
Climate regulation 

Provisioning 

 

Subsistence and commercial fisheries  
Fish and invertebrates for the ornamental 
aquarium trade  
Pharmaceutical products  
Building materials  
Jewellery and other decoration 

Subsistence and commercial fisheries 
Aquaculture  
Honey  
Fuelwood 
Building materials  
Traditional medicines 

Cultural 

 

Tourism and recreation  
Spiritual and aesthetic appreciation 

Tourism and recreation  
Spiritual – sacred sites 

Supporting 

 

Cycling of nutrients  
Nursery habitats 

Cycling of nutrients  
Nursery habitats 

2. Quantifying ecosystem services. 
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The method used to estimate coral reefs and associated ecosystems (CRAE) services follow 4 
steps:  

 1: identification of services 
 2: ecosystems mapping and health status assessment 
 3: calculation of production function 
 4: weighting 

 
Evaluation of production function for ecosystems and regions depends essentially on 
environmental data availability. Several calculations are proposed according to data set 
(complete or limited). Calculations require reference values found in local existing data or 
litterature. These values are associated to ecosystem areas data and weighted by ecosystem 
health indices. Ecosystem services come from intrinsic ecological capacities of the 
ecosystem. Evaluation of the services depends more on the global ecological status of the 
ecosystem than the pressures exerted on the ecosystem. The approach favours the 
correlaion between ecological services and the real capacity of the ecosystem to provide a 
specific function. The use of anthropogenic pressure values exerted on ecosytems is 
secondary, and allows evaluating the efficiency of the systems to absorb the pressure and 
minimize their impact.  
Calculations imply both a profound knowledge of the ecosystem services and a rigorous 
evaluation of the health status. Available data on pressures are used to understand if 
ecosystem services allow the absorption of potential environmental degradation or if they 
are non-operant in front of the ample pressures.  
However, an alternative method is proposed in case of very limited data on ecosytems 
health status that will limit an accurate evaluation of the service provided by the ecosystem. 
This method is based on the environmental risk associated to the pressures exerted on the 
environment and the vulnerability of the ecosystem.  
The sum of the pressures for each waterbody is used to define a risk index for marine 
ecosystems and allowing for the weighting of the maximal capacity of production function 
provided by the ecosystem.   
 

3. Phase 1: Identification of ecosystem services. 
 
Marine ecosystems and ecosystem services retained in this poject are listed in table 2. 
(marked *). 

§ Data, methods and weighting. 
Ecosystem services are linked to ecosystems surfaces (km2) and are weighted according to 
health status. A production function is proposed, which reflects the ecosystem performance 
for a given service (Table 3). The weights are applied, based on literature references and 
field observations, to a function that would correspond to 100% of the service. A basic 
comprehensive environmental database should be developed first. 
 
Ecosystem services evaluation follows a simple methodology that can use several methods: 



 

 6 

• 1) estimation of a production function: quantify the production of a resource or an 
ecosystem service, 

Ø Estimation requires taking into account many parameters: 
   • Mapping and knowledge of the area occupied by ecosystems in the 
   study area; 
   • Knowledge of ecosystem health conditions related to the ecological 
   dynamics associated with services provided. 
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Table 2. Ecosystems and ecosystem services used in the assessment methods. Only marked services* described in this project.  

Ecosystem Service Description Reference 

Mangroves 

* Coastal stabilisation: risk of rising sea 
level, protection against waves, erosion, 
sediment trapping.  

Mangroves stabilize coastal soft bottoms by trapping sediments transported into 
rivers, runoff. Mangroves are natural ramparts facing waves, tsunami ... 

Millenium Ecosystem Assessment 
Ruitenbeek, 1992, 1994 
Vannucci, 1997 

* Water purification, nutrient cycles Mangroves are involved in freshwater filtration from land and limit dispersion of 
pollutants and sediments into coastal marine waters. Mangroves have a physiological 
capacity to absorb heavy metals and other toxic substances in the effluent. 
 

Millenium Ecosystem Assessment 
Lacerda and Abrao, 1984 
Herteman, 2010 
Robertson and Phillips, 1995 
Tann and Wong, 1999 
YIM and Tann, 1999 

Nursery Mangroves provide nurseries for seagrass and reef species. Juveniles grow in the 
mangrove roots. 
These species migrate toward coral reefs and seagrass at juvenile and adult stages. 
Some species spend their entire life in mangroves. 

Millenium Ecosystem Assessment 
Mumby et al., 2004 

*Biomass production  The nursery function gives high productivity to mangrove ecosystems. Fishing yields in 
areas adjacent to mangroves tend to be particularly high but vary by geographic 
region. 
 

Millenium Ecosystem Assessment 
Giesen et al., 1991 

Coral reefs 

Biodiversity The vast heterogeneity of reef habitat comes from their complex three-dimensional 
structure. It facilitates the diversification of ecological niches and opportunities for 
installation of new species. 
 

Sebens, 1994 
Millenium Ecosystem Assessment 
Ahmed et al., 2004 
Moberg and Folke 1999 
Birkeland, 1997 
Paulay, 1997 

*Biomass production The productivity of coral reefs is highly correlated with their health condition. Biomass 
is a direct function of species diversity and density values of individuals. These two 
criteria have high values in good quality reefs. 
 

Millenium Ecosystem Assessment 
Ahmed et al., 2004 
Moberg and Folke 1999 
Craik et al., 1990 
Birkeland, 1997 
Lecaillon et al., 2000 
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*Coastal protection against sea level rise, 
storms and waves, erosion 

Coastal protection is ensured by coral reefs: 
reefs disperse wave energy 
Erosion of reefs produces debris and participate to the formation of coral sand 
beaches It fattens and limit erosion of the coastline. 
 

Ahmed et al., 2004 
Moberg and Folke 1999 
 

Beach formation Erosion of limestone substrate (coral and coralline algae), cycle of calcareous algae, 
mollusc shells, contribute to the production of coral sands that form the beaches. 

Millenium Ecosystem Assessment 
Ahmed et al., 2004 
Moberg and Folke 1999 

Ehnace mangrove and seagrass 
development 

Coral reefs form a natural buffer against currents and waves, creating an environment 
conducive to the development of seagrass and mangroves in the lagoon areas. 

Ahmed et al., 2004 
Moberg and Folke, 1999 

Water purification, nutrient recycling This function is very limited in the reef ecosystem. However, in degraded reefs, the 
presence of algae that can use nutrients for growth can participate, to some extent, to 
a form of water piurification by absorbing some nutrients. 
Some pollutants can be bioaccumulated in the tissues of reef organisms (heavy metals, 
pesticides). 

Charles, 2010 
Ahmed et al., 2004 
Moberg and Folke 1999 
Peterson and Lubchenco, 1997 
De Groot, 1992 

Carbon sequestration Hard corals use dissolved CO2 to produce their skeletons according to the reaction:

 
However, the controversy surrounding carbon sequestration function by corals not 
being closed, this service is not included in the scope of this report. 

Laffoley et Grimsditch, 2009 
Ahmed et al., 2004 
Moberg and Folke 1999 

Seagrass bed 

Coastal protection against sea level rise, 
storms and waves, erosion, sediment 
trapping 

The rhizome network formed by the roots of the plants stabilizes sediments and 
reduces their resuspension and transport by currents and waves. 
The presence of seagrasses in the lagoon areas hinders the movement of water 
masses, and mitigates to some extent, the energy of waves and currents, contributing 
to coastal protection. 
 

Millenium Ecosystem Assessment 
Borum et al., 2004 
Fonseca and Cahalan, 1992 
 

Beach formation Seagrasses produce particles of biological origin (sand, debris...) that accumulate in the 
lagoons and beaches and form sand: skeletal fragments, shells or spines of marine 
organisms, calcareaous algae. 
  

Millenium Ecosystem Assessment 
Borum et al., 2004 
 

*Water purification, nutrient and gas cycle The leaves of seagrass retain some of the suspended particles acting as a filter of 
coastal waters. These plants absorb inorganic nutrients through their roots and leaves. 
Algae associated with seagrass beds also absorb part of the nutrients for their growth. 

Borum et al., 2004 
Duarte et al., 2008 
Breaux et al., 1995 
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*Carbon sequestration Primary production in seagrass is important. Like all photosynthetic organisms, 
seagrass fix carbon dioxide using light energy and convert it into organic carbon for 
growth and biomass production. 
 

Borum et al., 2004 
Duarte et al., 2008 

Habitat for marine organisms Seagrass beds provide habitat for many organisms. The canopy of leaves and the 
rhizomes network formed by the roots represent microhabitats for many species. They 
provide important protection against predation. It is recognized that seagrasses have a 
major function as nurseries for a set of juvenile organizations. 
 

Gray et al., 1996 
Heck et al., 1997 
Borum et al., 2004 

Biodiversity The abundance and diversity of fauna and flora living in seagrass beds are important in 
good health seagrass. Seagrass increase the diversity of microhabitats and promote 
biodiversity in coastal areas. 
 

Borum et al., 2004 

Nursery Seagrass are key habitats in the life cycle of many organizations, especially for juveniles 
(fish and shellfish). The nursery function is correlated to the availability of food and 
shelter features against predation. 
 

Millenium Ecosystem Assessment 
Kulczycki et al., 1981 
Borum et al., 2004 

*Biomass production Some species strictly associated with seagrass populations may be exploitable by 
fisheries (conch and sea urchins in the Caribbean). 
Fish, mainly juveniles in these ecosystems are poorly targeted by fisheries. However, 
some fishing practices can be practiced in seagrass areas (seine in the West Indies) 
 

Millenium Ecosystem Assessment 
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Table 3. Required data for production function calculation according to 
ecosystem services. 

Ecosystem service Assessment methods for 
production function Required data 

Carbon 
sequestration 

• Estimated quantity of carbon 
assimilated multiplied by the 
average price per ton of CO2 

• Ecosystem surfaces 
• Average carbon absorption rate in the 

ecosystem 
• Carbon storage capacity in biomass 
• Carbon storage capacity in soils 
• Plant biomass production rate 

Coastal protection 

• Estimation of the cost of 
replacing reefs by artificial 
breakwater-type structures. 

• Surfaces of ecosystems involved in 
coastal protection 

• Currents, swell and waves data 
• Type of protection according to the 

ecosystem 
• Activities supported or protected by the 

ecosystem  

Biomass 
production 

• Estimation of the biomass of 
commercial species multiplied 
by the local cost of 1kg of fish 

• Biomass production level by the 
ecosystem. 

• Commercial and exploitable species 

Water purification 

• Estimation of the cost of 
replacing natural functions for 
the purification of coastal 
waters by technological 
artefacts 

• Surfaces of ecosystems involved in 
water purification 

• Activities supported or protected by the 
ecosystem 

 

4. Phase 2: Ecosystem mapping and health status assessment. 
  
A detailed knowledge on ecosystem areas and their condition is required prior to 
ecosystem services evaluation. Health status largely contributes to the capacity of 
the ecosystem to provide a service.  
We consider three types of biocenoses: coral reefs, seagras and mangroves. Among 
coral reefs, we distinguish bioconstructed coral reefs from coral communities 
developed on rock substratum, as they will not deliver similar services. Mapping data 
are often incomplete, especially for deep communities. They only reflect a limited 
part of the real ecosystem and consequently can only provide an imprecise 
evaluation of ecosystem services. Generally, geographical mapping data must be 
precise enough and cover a depth in relation to the considered ecosystems. 
 
Geormophological criteria are not sufficient and provide only little information on 
biological aspects. These data should be coupled with biological information 
available for each site to overlay ecological and geological information. 
 
Ecosystem health status in parallel is essential, but partial data do not allow 
extrapolation at the scale of a large territory. In this case, evaluations have to be 
restrained to the area of study. Health assessment of coral reef, seagrass and 
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mangrove ecosystems requires specific quantitative and objective methods. Results 
need codification to weigh the production function and services.  
 

5. Phase 3: production function calculation. 

a. Carbon regulation. 
 
Carbon dioxide emissions (CO2) in the atmosphere reach about 8.6 PgC.year-1. This 
greenhouse gaz effect largely produced by human activities is very often pointed as 
the cause of global warming. Environmental policies target a significant decrease of 
CO2 releases in the atmosphere. To do so, human have looked into Nature and its 
capacity to absorb and trap CO2, although a major question remains: which natural 
ecosystems could participate to the trapping of atmospheric CO2?  
 
The ocean has been cited very often because of its 
large CO2 absorption capacity, essentially through 
pelagic microorganisms like the coccolithophorids 
(Iglesias-Rodriguez et al. 2008). 
The oceans absorb about 50% of the total carbon 
released in the atmosphere. Specific marine 
ecosystems as coral reefs, seagrass and mangroves 
provide essential habitats for sink organisms, able to 
trap atmospheric carbon (Laffoley and Grimsditch, 
2009).  
Along the past two decades, oceans have trapped about 500 Gt CO2 of the 1300 Gt 
released by anthropogenic activities, representing 40% of the releases (Metz et al., 
2005). 
 
Two mechanisms are identified:  
 

1)  Sequestration: is the process of atmospheric CO2 trapping, and measures the 
rate of carbon catched each year, 

2)  Storage: is the storage of carbon on the long term, in plants, calcareous 
orgnaisms and limestones. 
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Figure 1. Atmospheric carbon fixation in sediments and living tissues of seagrass beds, 
mangroves and tropical forests in tCO2eq/ha (after Murray et al., 2011a). 

 
Recent studies show that mangroves and tropical wetlands have an annual carbon 
sequestration capacity 2 to 4 times more important than tropical forests. These 
ecosystems store 3 to 5 times more carbon. Carbon is stored principally in soils and 
less in the plants themselves (Fig. 1 - Murray et al., 2011a). 
Mangroves and seagrass absorb atmospheric CO2 through photosynthesis activity 
and release CO2 though respiration and oxidation. Carbon is stored in the live 
biomass, but also in soils as organic carbon (Knowlton 2001; Walters et al. 2008) (Fig. 
2).  
 
Three processes are involved: dissolution, use through photosynthesis of 
phytoplankton and macroalgae, and calcification of biogen organisms with carbonate 
skeleton and test. 
 
 1) CO2 dissolution in seawater: 
 

 
 
Dissolution has globaly augmented with the increase in atmospheric CO2, leading to 
ocean acidification. The relative increase in pH affects the calcification of calcareous 
organisms in coral reefs (Doney et al. 2009). This dissolution is not considered in the 
calculation of the carbon sequestration of coral reefs and associated ecosystems. 
 
 2) Photosynthesis CO2 absorption: 
 

6CO2 + 12H2O + lumière → C6H12O6 + 6O2 + 6H2O 

 
In phytoplankton, algae and plants, photosynthesis is used to absorb atmospheric 
CO2 and incorporate carbon in organic compounds ensuring growth, and thanks to 
energy metabolism, energy input. Primary production is particularly important in 
seagrass (Agostini et al. 2003), which are among the most productive communities 
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worldwide (Duarte et al., 2008) with a CO2 fixation of 129 tC/km/year and in 
mangroves (Alongi, 2012) with 25.5.106 tC/year (Ong, 1993). 
 

 
Figure 2. CO2 trapping in the major marine 
compartments at the global scale (after Cebrian and 
Duarte 1996; Duarte et al. 2005; Bouillon at al. 
2008) 
 

 
 3) Biogenic calcification in calcareous skeleton organisms.  
These organisms use calcium dissolved in seawater  (!"#$) and carbonate ions 
(!%&#') to produce calcium carbonate (!"!%&) according to the formula: 
 

 
 
Coral reefs contribute to the annual output of calcium carbonate to 1/6 of the world 
production (Langer et al., 1997; Allemand et al., 2004), with an average rate between 
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0.5 and 5.2 kg CaCO3.m- 2y-1 (Pescud, 2012). However, atmospheric carbon 
sequestration capacity by coral reefs is not clear. Carbonate sediments represent the 
largest reservoir of solid carbon, but that sequestered carbon is released as a 
function of concentrations of !"#$ and !%&#'in the water. If oceans are "sinks" for 
carbon, it is difficult to conclude that coral reefs are also carbon sinks. Some authors 
rather consider them as sources of CO2

 (Wells et al., 2006).  

v Coral reefs 
 

The carbon uptake by corals follows a complex chemical 
process that makes it difficult to estimate. Corals absorb or 
reject carbonate depending on the level of carbon 
saturation of the ocean, involving two parameters: coral 
species and water pH. The construction of the reef results 
from a balance between biomineralization and dissolution, 
essentially dependent on the ability of species to absorb or 
reject carbon depending on the level of water saturation. 
Nevertheless, research ouputs argue that increased 

aqueous CO2 partial pressure, along with rising temperatures, would lead to a 
significant reduction in calcification and dissolution of calcareous structures (ocean 
acidification). 
 
In addition to the parameters related to coral species and water saturation, the 
health of coral reefs is an essential criterion to consider for carbon metabolism in 
reefs. A healthy reef has a better carbon absorption capacity than a degraded reef. 
Corals develop a calcareous skeleton and trap some CO2 dissolves in water. With 
617,000 km² of reefs on earth, the amount of carbon absorbed is equivalent to 111 
million tons per year (approximately 407 million tonnes of CO2 per year) (Laubier 
2003). However, the CO2 sequestration capacity should be reported to alive coral 
cover surfaces and not simply to the total area of coral reefs. 
 
Carbon sequestration capacity by corals as calcium carbonate is balanced by the CO2 

production in the overall equation of balance of electric charges. Thus, for each 
bicarbonate atom converted to carbonate and deposited as limestone, one 
bicarbonate molecule is converted to carbonic acid and CO2 released into the 
atmosphere. For each carbon deposited in the limestone, a carbon atom is released 
into the atmosphere as CO2. 
The balance between carbon sequestration and recirculation into the atmosphere 
makes the concept of carbon sinks incorrect for coral reefs. This feature is not 
considered in the methods presented below. 
 
Primary production in the ocean represents half of the total primary production, 
absorbing between 35 and 65 Gt Carbon per year (del Giorgio and Duarte 2002). 
Calcareous algae of the genus Halimeda present on algo-coral reefs have an 
important carbon binding capacity through carbonates production (50 gC.m-2/year = 
50 tC/km2/year [Wefer 1980]). According to species of algae, the carbon absorption 
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may be equivalent or superior to that of corals. A thorough knowledge of algal 
assemblage and carbon absorption rate appears necessary to assess more accurately 
the ability of algae to fix certain forms of carbon. 
 

v Seagrasses 
 

Inorganic carbon sequestration by seagrass beds is 
estimated to average 129 tC/km/year (Champenoy, 2008; 
Laffoley, 2009; Chauvaud and Bouchon, 1997, Agostini et 
al., 2003). According to Champenoy (2008) Posidonia 

Oceanica are able of absorbing 72 tC/km/year (264 
tCO2/km/year), and 68-147 tC/km2/year according to 
Pergent et al. (1997). Laffoley (2009) estimates that 
seagrasses trap 83 tC/km/year in average in limestone. 
This carbon is trapped for thousands of years. The values 

vary according to species, methods of measurement, geographic location. Among 
the Caribbean tropical species Syringodium filiforme has an annual production rate 
estimated at about 292-1095 g/C/m2, and 329-5840 g/C/m2 for Thalassia testudinum 
(Virnstein 1982). In T. testudinum, Lee and Dunton (1996) confirm the unequal 
distribution of carbon in the tissues (111-203 mgC/g dry weight in the rhizome and 
46-70 mg C/g dry weight in the leaves), and carbon storage function in the zhizome. 
The results of these studies also show a match between the dry weight gain of 
primary productivity and carbon equivalent gain (1g dry weight/m2/year = 0.32 g 
C/m2/year). 
 
According to Murray et al. (2011b), only 5% of the CO2 stored by seagrass is 
contained in living biomass. Ninety-five percent of carbon reserves are found in the 
ground. The sequestration rate would be 4 tCO2/ha/year in the seagrass plants, 
against 500 tCO2/ha/year in the ground. The assessment method for the carbon 
regulation function by seagrass includes both absorption of carbon by plants and the 
amount retained in the ground due to the existence of seagrass beds, which are 19 
times more than in the plant. Most of the organic carbon produced by seagrass is 
stored in the ground, making these ecosystem hotspots for carbon sequestration 
(Duarte et al. 2005; Orth et al. 2006). The calculation of carbon sequestration 
function and storage can be achieved in three distinct ways: 
 

• Carbon absorption by seagrass in tons CO2/year = seagrass surface area (in 
km²) x 264 (average t CO2 absorbed/km²/year) (method from Champenoy 
2008). 

• Carbon absorption and primary production (/year): seagrass surface area (in 
km²) x primary production x 0,32 = g C/m2/year. 

• Carbon absorption by seagrass in t CO2/ha/year = seagrass surface area (in 
ha) x 4 + seagrass surface area (in ha) x 500 (Method from Muray et al., 
2010). 
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v Mangroves 
 

Mangroves are ecosystem sinks for carbon. According to 
Alongi (2012), mangroves sequester approximately 1% 
(13.5 GtC/year) of the amount of carbon stored in forests, 
and contain about 937 tC/ha. Mangroves would store 1494 
t CO2eq.ha-1 (vegetation and soils). As a coastal habitat, 
mangroves contribute to 14% of carbon sequestration in 
the ocean. The amount of carbon absorbed is estimated to 
153 tC/km/year in average (Well et al., 2006; FAO, 2007) 
and 139 tC/km/year Laffoley (2009). All mangroves in the 

world represent 15.2 million hectares (FAO, 2007), and might absorb 
25.5.106 tC/year. 
 

 
Figure 3. Average amount of carbon stored in soil and vegetation in coastal marine 
ecosystems compared to forest ecosystems (Fourqurean et al. 2012; Pan et al. 2011; 
Pendleton et al. 2012). 
 
Several studies show that keeping the vegetation in intact and healthy ecosystems 
ensures a constant sequestration and carbon storage in the soil and biomass (Duarte 
et al. 2005; Jennerjahn and Ittekkot 2002); Suzuki and Kawahata, 2004). Carbon 
sequestration rates in biomass vary from 6 to 8 tCO2/ha/year. Carbon storage in soils 
is 2,000 tCO2/ha, representing only 20 to 40% of carbon in plant biomass (Murray et 
al., 2011). These values should be weighted according to the types of mangroves, 
dominant species and their geographical origin, as the amount of CO2 contained in-
ground biomass can vary significantly. 



 

 17 

The evaluation method of the carbon regulation function combines the carbon sink 
function and the retention capacity by mangroves. 

The parameters to be estimated are: 

• The annual rate of carbon uptake by the ecosystem 

• The carbon stock in both biomass and sediment 

 
According to IPCC1, the variability of estimates varies between 50 and 90%. The 
calculation of the carbon absorption function is based on: 
 

• Carbon Absorption by the mangrove ecosystem = Mangroves surface x 
Average Carbon absorption  

• Average carbon absorption in mangrove = 146 tC/km/year 

• CO2 sequestration = Carbon Absorption by mangrove x 3.666 (C to CO2 
conversion) 

b. Fish biomass production function 
 

Sustainable management of fisheries in coral environment 
is more difficult as the diversity of target and non-target 
species is high, and the spatial variability of productivity 
areas is wide. These difficulties deviate possibilities for 
stocks management, quotas, fishing effort, which are 
methods used for industrial fisheries in temperate zones. 
 
Production of fishable biomass is the most tangible and 
direct benefit associated with coral reefs (Burke et al. 
2011). The global potential catch in coral reefs (Newton at 
al, 2007) as estimated at 6 million tonnes per year in 1978, 
representing 9% of the volume of world fisheries (Smith 
1978). According to (Dalzell 1996) the fisheries world 
production of coral reef environment was between 1.4 and 
4.2 million tonnes per year. Similarly, mangroves provide a 
suitable habitat for fish and shellfish (refuge against 
predation for juveniles, availability of food), and thus 

house a considerable fishable biomass, with an estimated market value of 750 and 
1670 USD/ha/year worldwide (Rönnbäck 1999). Seagrass beds support a catchable 
biomass much lower than that recorded for the other two ecosystems, about 1.9 
t/km²/year of fishable biomass in the Gulf of Mexico (Martin and Coopers, 1981), 
and between 1 and 2t/km/year in Australia (Blaber, 1989, 1992). 
 

 
1 IPCC: Intergovernmental Panel on Climate Change. http://www.ipcc.ch/  
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For seagrass beds and mangroves, the topic of fishable 
biomass production poses a supplementary question. 
Fishing practices in these two ecosystems are generally less 
developed and target very specific resources. In the 
Caribbean, except for the harvest of certain specific 
resources such as conch, sea urchins and lobsters, these 
two ecosystems are essentially nursery areas and shelter 
juvenile fish populations. Thus, mangrove ecosystems and 

seagrass beds are not the main areas of fishing activity and the fishable biomass 
estimate does not fully reflect the ecological importance of these ecosystems. 

Accordingly, it is necessary to define a catchable biomass value that takes into 
account the ecological function of ecosystems. Therefore, if a species is caught in 
adulthood on the reef but reproduces and grows in mangroves, catchable biomass 
value will be weighted by the importance of the role played by mangroves in 
biomass production of this species. Without it, the value will be directly charged to 
the reef without any change of the value of the mangrove, despite the full ecological 
function (Mumby et al. 2004). 

 
The concept of MSY is difficult to apply in the case of coral reefs and is not used 
here. Several reasons justify this choice: 
 
• Sustainable management of fisheries in coral environment is more difficult as the 
diversity of target, non-target species is high, and the spatial variability of 
productivity areas is wide. These difficulties deviate possibilities for stocks 
management, quotas, fishing effort, which are methods used for industrial fisheries 
in temperate zones. 
 
• There is a wide diversity of reef fish species and also species exploited by common 
fishing techniques. Fisheries in coral reefs are described as multi-specific reef 
fisheries. (Lecaillon et al, 2000) limit the use of MSY level for one species when it is 
difficult to justify the estimated MSY level (Pauly, 1985); 
 
• Ignorance of the biology of most reef species poses difficulties estimating key data 
to calcuate MSY (growth of species, breeding period, population size). These data are 
very difficult to obtain in complex systems such as coral reefs; especially age and size 
class, key elements of estimated MSY (very few individuals); 
 
• There is a very high variability of populations in reefs, causing significant variations 
in biomass from one year to another, making the use of a fixed MSY non applicable; 
and 
 
• Catches from small scale fishing in reefs affect not only adults but also juveniles. 
 
The catchable biomass is the only accountable estimated value for ecosystem 
ecological function (refuge, nursery, breeding site, etc.). Without this value, the 
biomass production of ecosystems will not be evaluated. The value of the fisheries 
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service, even with the establishment of a level of MSY, is totally attributed to the 
coral reef where the majority of catches occur. 

c. Water purification function 

v Coral reefs 
 

Coral reefs participate very little to water treatment but are 
highly sensitive to coastal water quality. Symbiotic 
zooxanthellaes use CO2, nitrogen and phosphorus available 
in the water to produce organic matter, and purify 
surrounding water (Failler et al., 2010). However, an 
excessive nutrient enrichment of the water is detrimental to 
coral growth. Purification function of coastal waters from 
coral reefs is negligible compared to the other two 

ecosystems. However, degraded reefs with large algae populations might act as 
nutrient filter as well. In this case, a debatable question is: what ecological value do 
we attribute to the algal water purification service since algal population are a sign 
of degraded reef ecosystem? 

v Seagrass 
 

Seagrass are considered as natural filters of coastal waters 
(Duarte, 2000; Short and Short, 1984). They trap part of the 
suspended matter in their roots and stabilize soft substrate. 
Seagrasses also purify water using minerals and nutrients for 
their own growth. This process promotes coral growth by 
maintaining a low nutrients water quality, limiting their 
impact on corals (Harborne et al. 2006). 
 

Seagrass water filtration is characterized by two processes: 
 

• Use of nutrients: seagrass and colonizing epiphytic algae absorb the nutrients 
in the water for their development (Cornelisen and Thomas, 2006). 

• Sedimentation of suspended particles: leafs and root systems promote the 
deposition of particles (Short et al, 2006; Vidali, 2001). 

v Mangroves 
 
Mangroves organisms can absorb pollutants such as heavy 
metals or other toxic substances (Lacerda and Abrao, 1984), 
nutrients (especially nitrogen and phosphorus) and trap 



 

 20 

suspended matter (Ewel et al, 1998; Victor et al, 2004). They are sewage wastewater 
filters and limit the dispersion of pollutants into coastal waters before their offshore 
recirculation (Herteman, 2010; Robertson and Phillips, 1995; Tann and Wong, 1999, 
1993; Furukawa et al. 1997). Mangroves are involved in the filtration of ground 
water runoff and provide a form of treatment by limiting the dispersion of pollutants 
and sediments to coastal marine waters. 
 
(Chung et al., 2008; Seitzinger, 1988) showed that mangroves can potentially treat 
2244 kgN.ha-1.year-1 in Cerops facies and 3638 kgN.ha-1.year-1 in Rhizophora facies. 
Storage and consumption of nutrients enclosed in the the first layers of soil are also 
a part of this water processing function, mangroves taking a portion of these 
supplies for their own development (Vidali, 2001). The root system promotes the 
sedimentation of sediments by slowing the flow of water. This hydrodynamic filter 
processes water and other elements such as phosphorus and nitrogen (Seitzinger, 
1988). The presence of burrowing crabs in mangroves soils increases the contact 
between water and soil microorganisms. This activity allows crabs to hire a water 
filtration process (Herteman 2010). The crabs feed part of the nutrients in the water 
and sediment. Their burrows facilitate the penetration of water into the first layers 
of the soil and increase exchanges between the two environments (Kristensen, 
2008). 
 
The water absorption capacity by mangroves varies between 163 m3/d/ha in the 
Ceriops facies and 76 m3/d/ha in the Rhizophora facies (Herteman, 2010). Salinity 
decrease from fresh water input from land tends to increase water consumption in 
mangroves and boost their overall growth (Wong et al. 1995, 1997), which could 
explain the very low levels of nitrogen in these facies (Nedwell 1975). Processes 
contributing to the wastewater by mangroves are2: 
 
- Nitrification / denitrification: 

Crabs activities promote infiltration of wastewater effluent and penetration in the 
sediment. They increase the exchange surface with microorganisms up to 116% in 
Ceriops facies and 228% in Rhizophora facies. The nitrification and denitrification 
processes are greatly stimulated (Yang et al., 2008). Mangroves have important 
nitrification and denitrification capacities. In the first 50 cm, the mangrove trees are 
able of potentially denitrify 2244 kgN.ha-1.year-1 in Ceriops facies and 3638 kgN.ha-

1.an-1 in Rhizophora facies (Herteman, 2010). Mangroves have a great capacity for 
water absorption and pumping some of the nutrients (nitrogen) content in the 
sediment.  
 
- Storage of nutrients in sediments: 

Grounds contain nutrients necessary for plant and animal species. Although the 
contents of nitrogen and phosphorus nutrients are naturally low in mangrove 
sediments, the mangroves trees will collect some of the resources needed for their 
development. In most of the mangroves, the concentrations of nitrogen elements 

 
2 This information is adapted from Herteman's thesis on the treatment of water by mangroves 
in Mayotte (Herteman, 2010). 
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are 1 to 2 μg(N-NO3).l-1.g(MS), 20 μg(NNH4).l-1.g(MS) in the Ceriops facies and 35 
μg(N-NH4).l-1.g(MS) in the Rhizophora facies (Alongi et al., 1992; Saenger, 2002). 
 

d. Coastal protection 

v Coral reefs 
 

Coral reefs, mangroves and seagrasses (to a certain extent) 
create protection against the swell by forming physical 
barriers along the coastline. Similarly, lagoons protected by 
barrier reefs are generally calm areas that favour the 
multiple uses of the marine environment. Several studies 
(Lugo Fernandez et al., 1998; Brander et al., 2006; Kench 
and Brander 2006) show that reefs behave comparably to 
submerged breakwater structures. They impose strong 
constraints on the ocean swell resulting in changes in wave 

characteristics and rapid attenuation of wave energy. Fringing reefs as well as reef 
ridges absorb much of this force, up to 90% at low and high tide (Lugo Fernandez et 
al., 1998). 
However, there is strong variability depending upon the type of reef, depth and 
wave regime (Kench and Brander 2006). Moreover, the function of coral reefs, 
mangroves and seagrasses in protecting the coastline is difficult to isolate from other 
variables. A combination of factors is involved throughout this process: (i) 
bathymetry (ii) geomorphology (iii) topography and (iv) vegetation cover (Burke et al 
2011). Few studies have isolated the contributing function of reefs in the 
combination of factors (Barbier et al., 2011). 
 
Similarly, Barbier et al. (2011) reveal that the relationship between reef area, and the 
energy absorption process is nonlinear. However, there is a linear relationship 
between coral reef health status and attenuation effectiveness. This leads to 
additional complexity to the evaluation of the coastal protection service.  
 
Some studies have suggested the importance of reefs and mangroves in the 
attenuation of tsunami waves. (Nott, 2003) work shows that the tsunami crossed the 
Great Barrier Reef only through passes. Similarly, mangroves trees density seems to 
explain the reduction effects of tsunami waves. A tsunami wave is much larger and 
energy is distributed throughout the water column. Effects are amplified along a 
gradual depth.  
 
What appears from these studies is that the extension of the reefs or mangroves is 
not the main factor influencing damage along the coast. Coastal bathymetry and 
geomorphological profiles of the coast are probably key explanatory factors. 
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Other processes than coastal protection exist, such as reefs as sand suppliers to 
beaches and islands. Sediment inputs from dead calcified or coral organisms are 
generated mainly by reef systems. Beaches exist in a dynamic equilibrium (between 
erosive forces of storms, waves, restorative power of currents and tides and 
contributions from corals and limestone skeletons). Even if this process is 
demonstrated, there is, to our knowledge, no sufficient detailed studies to quantify 
this service. 

v Seagrasses 
 

Seagrass, usually located between reefs and mangrove 
forests, stabilize the sediment and reduce wave energy by 
about 40 % (Fonseca & Cahalan 1992, Christianen et al. 
2013). The increasing loss of seagrasses across the oceans 
threatens coastal ecosystems (Waycott et al. 2009).  
 
 
 

v Mangroves 
 
Mangrove trees Sonneratia sp. that characterises the 
pioneer front of mangrove forests, absorb about 50 % of 
wave energy over a distance of 100 meters (Mazda et al. 
2006). These values provide an estimate of the 
effectiveness of the coastal protection function from 
ecosystems presenting high ecological status (Vermaat and 
Thampanya, 2006). 
 

 
 

6. Phase 4: Weighting ecosystem services. 
 

a. Weighting coefficient and ecosystem health. 

i. Weighting production function by health 
status index.  

 
The weighting of production functions by the health status of ecosystems is a 
fundamental step in the assessment of ecosystem services. The efficiency of a 
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service is correlated to the health status of the ecosystem and its functional capacity 
to perform the service, which is dependent on the structure, organization and 
physiology of organisms and communities. The capacity of ecosystems to ensure a 
production function slightly decreases proportionally to the degree of degradation 
observed. However, data available on health status of ecosystems across a territory 
are rare and it is often difficult to apply a weighting, which correctly reflects the 
ability of ecosystems to provide environmental services. 
 
When such data sets exist, it is necessary to link the biological communities health 
status and the capacity of ecosystems to provide services. Tools of assessing the 
health of coral reefs, mangroves and seagrass beds are available. They are based on 
several types of criteria such as loss of biodiversity (number of species) or species 
density, the development of diseases, the presence of indicator or invasive species, 
recruitment rates, or the increase in the frequency of tolerant species. The indicator 
of mangrove condition proposed here has two parameters: the dominant species or 
populations and their recovery rate (Herteman, 2010). 
 
Nevertheless, unless mapped or georeferenced data on the health status of 
biological communities to assess are available, it is difficult to achieve such a 
weighting. Indeed, it must both have different classes of health conditions and the 
weighted value of the services associated with them, but local data on health status 
indicators. For example, health status indicators for mangroves are the dominant 
species, as well as the density and structure of sylvatic populations (Table 4). A 
coefficient is applied according to the evaluated health status to estimate a given 
function. Health status is derived from an ecosystem quality index (gradient from 0 
to 5, 0 = totally degraded habitat; 5 = habitat in excellent condition) determined by 
mapping and in situ evaluation. A coefficient for the health condition is applied to 
the maximum estimated value. The health status is characterized by the dominant 
species of the habitat and the percentage of vegetation cover: a mangrove in 
excellent condition providing 100% of a particular service has a dominant Rhizophora 
population, a moderately productive mangrove in terms of ecosystem services (50%) 
is a dominant Avicennia population. A very degraded mangrove (10% of production 
services) is bare or with little vegetation and is characterized as denuded saline soils 
or “tan”. These percentages are then refined based on the latest literature 
references and sylvatic dynamics of local biological communities. 
 
 

Table 4. Health status index for mangroves in Mayotte (after Herteman 
2010).  
Index 0 1 2 3 4 5 
Protection level nul low medium good Very good excellent 
% of total 
service 

0 0.2 0.4 0.5 0.8 1 

Corresponding 
type of habitat Tan Herbacea 

tan 

Scattered  
Avicennia 
mangrove 

Dense 
Avicennia 

mangrove 

Scattered  
Rizophora 

mangrove 

Dense 
Rizophora 
mangrove 
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Equivalent tables for reefs and seagrass beds should be developed taking into 
account the specificities of the ecoregion in which the study is conducted. 
In the specific case of fishable biomass production, population of commercial species 
must be taken into account in the weighting of the service. Biomass production 
decline is not necessarily correlated with a degradation of ecosystem health. In 
degraded reef ecosystems in the Caribbean, macroalgae populations tend to 
increase sharply (Edwards and Gomez, 2007). The new habitat consisting of a high 
proportion of plant species is generally favorable to herbivorous fish whose total 
biomass tends to increase (positive aspect for fishing, including the exploitation of 
parrotfish). The health data ecosystem and detailed knowledge of fish stocks in 
healthy areas and in degraded areas are necessary for the assessment of biomass 
production. 
These complex indicators require accurate data often not available or incomplete. 
 
The weighting of the coastal protection service by coral reefs is based on the results 
from Sheppard et al. (2005) and Ferrario et al. (2014): 

• a 100% coral mortality on reefs leads to a reduction in the wave attenuation 
effect of 10% on average; 

• outer barrier absorbs up to 91% of wave energy; 
• there is a linear relationship between coral reef health status and attenuation 

effectiveness; 
• the width of the reef flat influences the attenuation of the remaining energy. 

 
The coastal protection service from coral reefs can be evaluated as follow: 
 
Wave energy attenuation by the reef crest, depending on reef health status: 

δEcr= (91 − 10) + 10 × Xcr 
Rate of wave attenuation by the width of the reef flat (Ferrario et al., 2014): 

δElp = 86,2 × (1 − e(−lp/210,2)) 
Rate of wave attenuation by the reef flat, according to reef health status: 

δEp = (δElp − 10) + 10 × Xp 

 
δEtot = δEcr (health status) + δEplatier(width + health status) 
 

δEtot =  δEcr + (100 − δEcr) × (δElp − 10 + 10 Xp) / 100 
 
δEtot = 81 + 10 Xcr + (100 – ((81 + 10 Xcr)) × (86,2 × (1-e(-lp/210,2))-10 + 10 Xp) / 100 
 
with: 
δEtot : wave energy attenuation, expressed in % 
Xcr : coral cover over the reef crest (between 0 and 1) 
lp : width of the reef flat in meters (m) 
Xp: coral cover over the reef flat (between 0 and 1) 
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ii. Weighting production function by 
ecosystem vulnerability. 

 
An alternative option, based on the potential impact of sources of degradation 
rather than the actual health status of ecosystems, often unknown at the scale of a 
territory (or often extrapolated which gives a false picture of reality), can be 
proposed. The principle is based on the potential impact of anthropogenic pressures 
(which are outside of major climatic events - cyclones, global marine surface water - 
major sources of degradation) on coastal marine ecosystems. In the absence of 
pressures, ecosystems should achieve an optimal ecological balance (climax), be in 
very good health, with strong resilience and resistance capacities. The human impact 
factors strongly associated to degradation of biological communities or the 
significant increase in their vulnerability could be used as an indirect source for 
assessing the state of ecosystem degradation. In particular, they may reflect the 
state of potential vulnerability of biological communities and therefore allow 
extrapolating the ecological trajectories of ecosystems in terms of health status. 
The ability of ecosystems to provide ecosystem services then seems more relevant 
to show in respect to their vulnerability and resilience rather than their actual health 
status at time t. 
A regional assessment of potential pressures on the marine environment should be 
made to assess the degree of vulnerability of coastal biocenoses. Information 
relating to coastal water quality monitoring is available in local reports. Monitoring 
networks such as quality monitoring network of the marine environment monitor 
the levels and trends of general parameters of marine environmental quality 
(suspended matter, nitrates, nitrites, ammonia, phosphates) and chemical 
contaminants (hydrocarbons, TBT, PCBs, heavy metals) and can be used to gather 
the necessary data. 
 
Monitoring networks are interested in specific assessment factors of environmental 
quality (bacteria, pesticides, fungicides, nutrients, suspended matter, various 
pollutants). The real impact of these elements on ecosystems is not really known, 
although the combination of these disturbing elements affect coastal marine 
biocenoses. 
 
Major sources of impacts on marine coastal environments can be gathered into five 
subsets (Table 5): 
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Table 5. Major sources of impacts on tropical marine coastal environments. 

 

 

• Agriculture factor: agriculture and livestock are factors 
of degradation by the use of pesticides and fertilizers 
drained to coastal areas by rivers and runoff and, in 
the case of farms, discharges of liquid manure 
especially. 

 

• Domestic factor: water treatment by sewage 
treatment plants is not always effective and non-
collective sanitation sometimes ineffective in island 
environments. The domestic factor also includes 
landbased leachate flow directly to coastal 
environments. Waste dumps are also important 
domestic pollution factors. 

 

 
 

 
 

• Industrial factor: there are several sensitive sectors 
including agriculture, marine mining and those in the 
chemical and oil industry, all sectors with high 
environmental risks. 

 

 

• Harvesting factors: the fishing activities have a direct 
impact on marine biological communities; chronic 
overexploitation of the environment is associated with 
the gradual degradation of ecosystems. 

 

• Tourist factor: tourism activities including recreational 
fishing, diving, swimming, but also constructions, such 
as port infrastructure and coastal urbanization, are 
potential factors of coastal degradation to take into 
consideration. 
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Figure 4. Anthropogenic pressures on marine ecosystems. NUT : nutrients, SMA: 
suspended matter, CHM : chemicals, HCA : hydrocarbures, HME: heavy metals, 
PDEG. : physical degradation, OVEX: overexploitation. 

 
 
Data processing is achieved by watershed, each having specific characteristics that 
can explain the effects of concentration or dilution of pollutants into coastal waters. 
For example, steep slopes coupled with muddy soil or sandy clay and heavy 
precipitation events will cause a significant contribution in particules in streams. If it 
flows directly into coastal waters, a too weak water purification service will not limit 
the impact of pollution on the marine environment. The impact of pollution factors 
has to be lessened depending on the surrounding physical environment. As such, 
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bays are more sensitive physical environments that tend to concentrate pollutions. 
According to Legrand (2010), biological communities within bays are always more 
affected than those located outisde bay where diffusion and dilution of pollutants by 
currents and waves are more important. Generally, the biological communities 
health is better as sources of pollution are kept away. Biological communities 
adjacent to the shore and shallows (less than 30 meters) are more vulnerable than 
biological communities located further offshore. The diffusion of pollutants in 
coastal waters is an important element to be considered for their impact on marine 
biological communities, the main parameters being the swell, the underwater 
topography and currents. These data are however often nonexistent. 
 
Quantitative data is generally not available for the analysis of pollution factors. 
Attention to the surfaces occupied by each sector of activity may constitute an 
alternative item. Coding is performed according to four levels of magnitude of risk of 
pollution: 1 - low risk; 2 - moderate risk; 3 - high risk; 4 - very high risk. The absence 
of such pressure and therefore no risk, is coded 0. The factors taken into account, 
originally developed for Martinique, are flexible according to local contexts: 
 
- Crops: pesticides, fungicides and fertilizers used in agriculture make this activity an 
important source of pollution. A classification was performed according to the 
minimum and maximum sizes of crops and four risk classes are proposed. The 
classes are defined according to equal intervals method. 
 
- Livestock: usually it is considered that from 50 equivalents animals (EA), a pig farm 
represents a risk to the environment. Beyond 450 EA, the risk of pollution is 
considered very important. These regulatory thresholds are used to define the 
extreme classes (risk 1 and 4) in the risk scale. 
 
- Wastewater treatment plant: as for farms, the risk classification is based on 
regulation. Treatment plants higher than 2000 inhabitant equivalents (IE) must 
implement a self-monitoring control of each major release of the operating program. 
The environmental risk is assumed higher from this level. For plants beyond 10 000 
IE, the risk is considered very high. Sewage plants under 500 IE are considered low 
risk. 
 
- Food industry: these industries systematically represent a significant risk to the 
environment. Therefore, two risk classes have been defined around the average 
processing capacity of crude products (Tons/year): Risk 3 for a capacity <15 000 
t/year and risk 4 for a capacity> 15 000 t / year. 
 
- Urbanization: as for crops, there is no simple way to assess the risk from a known 
urbanised surface. The risk classes have been defined by the method of equal 
intervals from the maximum and minimum values of urbanised surfaces for each 
watershed. 
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- Quarriyng: production capacity less than 250 000 t/year (average of all companies) 
are considered high risk. A risk 4 is given to quarries whose production capacity 
exceeds this threshold. 
 
 

 
 
The pressure assessment must be performed for each watershed. A global risk index 
on this scale must be calculated. Several methods based on: highest frequency of 
occurrence of a risk, most detrimental index, average risk, weighted linear 
combinations, etc. In case failure or heterogeneity of the available data does not 
allow to ranking pressure (prioritization) or because of the impossibility to weight 
the pressures, the choice to assign the same weight to each pressure can be 
retained. 
Comparing the watershed risk indices and the health status of marine biological 
communities in high and very high-risk context shows that coral communities and 
seagrasses are usually in a degraded or very degraded condition. Currents and waves 
shall also be taken into account, as some high-risk watershed can affect other 
sectors associated to lower risk (water movements). 
The link between the health status of biological communities and the level of risk 
watershed is described in Table 7. 
 

Table 6. Risk and pressure coding. 
 

 Pressure / Risk 1 = low risk 2 = moderate 
risk 3 = high risk 4 = very high 

risk 

 

Crops (ha) – 
banana, sugar 
cane, vegetables 
… 

<Minimum 
size (Tm) 2nd quartil 3rd quartil > Maximum 

size 

 

Live stocks 
(Equivalent 
animals - EA) 

<50 50-250 250-450 >450 

 

Sewage 
treatment plants 
(treatment 
capacity – 
Equivalent 
inhabitants - EI) 

<500 500-2000 >2000 >10000 

 

Food Industry 
(T/an) - - <15000 >15000 

 

Quarrying 
(T/an) - - <250000 >250000 

 

Urbanisation 
(ha) <Minimum 

size (Tm) 2nd quartil 3rd quartil > Maximum 
size 
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These estimates are approximates and must be defined locally by in situ assessment 
of health status to confirm biological communities vulnerability maps. It is important 
to stress that ecosystems in good condition can be very vulnerable in the presence of 
high or very high-risk watershed. Even if the health status corresponding risk is not 
found locally, the high vulnerability of communities could lead to their rapid 
degradation and thus a lessening in ecosystem services. The relationship between 
the ability of ecosystems to provide ecosystem services and their health status is 
summarized in Table 8. 
 
Table 8. Exemple of simple production function weighting related to ecosystem 
vulnerability. 

Vulnerability Low or nul Low medium Medium high High 

Likely health 
status Very good Good Degraded Very degraded 

% of total 
ecosystem service  100 75 50 25 

 
 
If the relationship between vulnerability of ecological communities and likely health 
status is often obvious, the relationship between the capacity of the ecosystems to 
provide ecosystem services and their health status is also appreciable. Whereas an 
ecosystem in very good condition is capable of providing 100% of the services, we 
believe that this capacity decreases linearly by applying the same factor per health 
status (a decrease of 25% health). It is then important to note that this method of 
weighting the vulnerability of biological communities only reflects the potential 

Tableau 7. Link between risk, vulnerability and health status. 
Global risk / 
watershed Marine ecosystem vulnerability Marine ecosystem health status 

Very high  
risk 

High vulnerability 
Nearby ecosystems, or likely 
affected by currents.  

Systematic very degraded health 
status of marine ecosystems, and 
nearby degraded marine ecosystems.  

High risk 

High vulnerability 
Nearby ecosystems, bays, rivers 
increasing local risk or nearby 
watershed with Very high risk. 

Very degraded marine ecosystems if 
high risk coastline, bays and rivers. 
Health status usually degraded in 
other conditions. 

Moderate  
risk 

Moderate vulnerability 
When topography does not favour 
risks accumulation, or no currents 
conveying risks from other 
watershed.   

Health status depending on distance 
from the coastline and risk sources, 
varies from degraded to good.  

Low risk 

Low vulnerability 
When the coastline has low or 
moderate risk. 

Health status depending on distance 
from the coastline and risk sources, 
varies from very good to good. 
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decrease of the normal value (ie maximum) for services provided by marine 
ecosystems. 

7. Conclusion. 
Two methods are proposed from two separate analyzes developed in Figure 5: 
 

• Weighting by health status indicators and quality of the environment, 

• Weighting by anthropogenic pressures, risk of degradation of biological 
communities and their vulnerability. 

This analysis aims at evaluating the sources of pollution for each watershed to 
estimate the risk of potential degradation of marine and coastal biological 
communities, and thus their vulnerability and attainable health status. According to 
UNEP (United Nations Environment Programme), 80% of marine pollution are from 
land and anthropogenic origin and from many sources: industrial waste, domestic 
and urban effluents, diffuse inputs from agriculture uses... 
The relationship between these sources of pollution/watershed and the health 
status of marine biological communities is achieved through the estimation of their 
degradation risk. More sources of pollution, the larger the risk of degradation of 
biological communities is high, and their vulnerability increases. 
The goal is to obtain a regional scheme of potential pressures exerted on the marine 
environment, and use it to assess the degree of vulnerability of coastal communities.  

 
Figure 5. Steps in weighting ecosystem services. 
 
 
 

 

 
  

(1) Weighting by anthropogenic 
pressures, risk of commiunity 
degradation and vulnerability

Assessment of anthropogenic 
pressures per watershed

Degradation risk assessment of 
biological communities

% of ecosystem services 
according to degradation risk 
and likely vulnerability of 
ecosystems

(2) Weighting by anthropogenic 
pressures, health status 
indocators of biological 
communities and 
environmental quality

Ecosystem degradation 
assessment through health 
status indicators available.

Transposition of health status 
to similar ecological quality 
areas.

% of ecosystem services 
according to health status 
indicators and ecological 
quality of water bodies.  

Ecosystem services weighted by either one of the two methods
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