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Mangroves are located at the land-sea interface and are therefore confronted with human settlement in the coastal areas and associated pressures and uses. This unique habitat provides important ecosystem services to coastal communities worldwide, but the global decline of their surface area and their degradation over the past decades has put coastal communities even more at risk from the effects of climate change. This paper aims to present the first ecosystem services valuation of the mangroves of the French Overseas Territories. We provide the economic value of mangroves for coastal protection, carbon sequestration, water purification and fish biomass production. We coupled a geospatial analysis of mangrove's distribution with the characterisation of land artificialisation behind mangroves. Then we developed a vulnerability index based on multiple indicators of exposure to environmental and anthropogenic stressors, mangroves' sensitivity to pressures, and mangroves' adaptive capacity to adjust their production functions accordingly. We estimated the monetary value of regulation and support services provided by mangroves in French overseas territories to be on average EUR 1.6 billion annually, 60% of which is carbon sequestration, 28% coastal protection, 7% water purification and 6% fish biomass production. When considering

J o u r n a l P r e -p r o o f

Journal Pre-proof mangroves services without the vulnerability adjustment, the total value for those services would reach EUR 2 billion per year. Although much of the spatio-temporal variability in mangrove functioning could not be considered given the spatial scale of our study, these results demonstrate the value and socio-economic importance of mangroves to face and adapt from the effects of coastal change, at local and national scales, but also highlight the loss of services due to their vulnerability. This paper emphasises on the value of ecosystem services provided by mangroves to face coastal change so that a service-based approach to conservation would plead for increased national investment into their protection.

Introduction

Mangrove ecosystems globally are expected to be substantially influenced by climate change-related physical processes in the future [START_REF] Li | Evaluation of the threat from sea-level rise to the mangrove ecosystems in Tieshangang Bay, southern China[END_REF]Ward et al., 2017). At the land-sea interface, the complex functioning of those forests under diverse and changing environmental settings (i.e., species composition, tidal regime, precipitation, temperature, salinity, anthropogenic pressures, sea-level rise, sediment inputs, etc.) makes it difficult to anticipate future coastal changes. Yet, mangroves are one of the most effective ecosystems on Earth to mitigate and to adapt to the effects of climate change [START_REF] Alongi | Mangrove forests: resilience, protection from tsunamis, and responses to global climate change[END_REF][START_REF] Dahdouh-Guebas | How effective were mangroves as a defence against the recent tsunami[END_REF][START_REF] Mazda | Wave reduction in a mangrove forest dominated by Sonneratia sp[END_REF][START_REF] Taillardat | Mangrove blue carbon strategies for climate change mitigation are most effective at the national scale[END_REF]. Satellite altimetry has shown that global mean sea level has been rising at a rate of 3 mm yr -1 on average since 1993 [START_REF] Ablain | Satellite altimetry-based sea level at global and regional scales[END_REF], and this rate is accelerating by 0.084 mm yr -1 on average, meaning sealevel rise could reach up to 65 cm by 2100 [START_REF] Nerem | Climate-change-driven accelerated sea-level rise detected in the altimeter era[END_REF]. Although at smaller coastal scale, this very global trend will be affected either positively or negatively by atmospheric surges, tidal patterns and nearshore wave regimes [START_REF] Idier | Interactions between mean sea level, tide, surge, waves and flooding: mechanisms and contributions to sea level variations at the coast[END_REF][START_REF] Melet | Under-estimated wave contribution to coastal sea-level rise[END_REF], marine transgression will undoubtedly have a significant impact on mangroves that are dependent on sea level. Paleoenvironmental studies have shown that mangroves are able to adapt and maintain themselves during periods of sea-level rise, thanks to two distinct processes: 1) the accumulation/accretion of sediment allowing to counterbalance rising waters on the one hand, and 2) shifting inland when existing sites become flooded on the other hand [START_REF] Ellison | Long-term retrospection on mangrove development using sediment cores and pollen analysis: a review[END_REF][START_REF] Woodroffe | Mangrove sedimentation and response to relative sea-level rise[END_REF]. Therefore, the topography of flooded lands, sediment supply by rivers and human infrastructures" density behind mangroves are three determining factors in predicting responses of mangroves to sea-level rise. From pristine low-elevated islands to densely-populated volcanic islands and continental mangroves, not all mangroves are thus equal in the face of rising sea levels and storm surges [START_REF] Ellison | Vulnerability assessment of mangroves to climate change and sea-level rise impacts[END_REF]. precise valuation of ecosystem services and to shed light on the loss of services due to the current pressures. We focused in particular on mangroves" climate change adaptation and mitigation potential, through the services of coastal protection [START_REF] Alongi | Mangrove forests: resilience, protection from tsunamis, and responses to global climate change[END_REF][START_REF] Dahdouh-Guebas | How effective were mangroves as a defence against the recent tsunami[END_REF][START_REF] Mazda | Wave reduction in a mangrove forest dominated by Sonneratia sp[END_REF], carbon sequestration [START_REF] Donato | Mangroves among the most carbon-rich forests in the tropics[END_REF][START_REF] Ezcurra | Coastal landforms and accumulation of mangrove peat increase carbon sequestration and storage[END_REF][START_REF] Sasmito | Organic carbon burial and sources in soils of coastal mudflat and mangrove ecosystems[END_REF] as well as functions servicing the growing population in coastal areas, namely fish biomass production (that accounts for the nursery function [START_REF] Igulu | Mangrove habitat use by juvenile reef fish: metaanalysis reveals that tidal regime matters more than biogeographic region[END_REF] and water purification (improvement in water quality - [START_REF] Adame | Tropical coastal wetlands ameliorate nitrogen export during floods[END_REF].

This study provides the first ecosystem services valuation of all mangrove forests present in the French Overseas territories. This preliminary assessment, whose method is applicable to all territories, is a pivotal milestone toward the consideration of local contexts.

Indeed, environmental and socio-economic contexts are very different from one region to another and within each territory for the reasons mentioned before. A standardized assessment method could never fully apprehend all the processes involved in the provision of services.

Nonetheless, understanding mangrove services in all French overseas territories remains pertinent as it may support national interest, and therefore, policies and budget dedicated to their protection, which would then trickle down locally. The assessment of mangroves" vulnerability is a first step to the comprehension of the variability observed in mangroves forests across territories, and while it has been developed before (e.g. [START_REF] Ellison | Vulnerability assessment of mangroves to climate change and sea-level rise impacts[END_REF][START_REF] Ventura | A new empirical index for assessing the vulnerability of peri-urban mangroves[END_REF], and tested in the valuation of ecosystem services for other coastal marine ecosystems (e.g. [START_REF] Cabral | Marine habitats ecosystem service potential: A vulnerability approach in the Normand-Breton (Saint Malo) Gulf, France[END_REF], vulnerability indicators such as the ones developed here have never been used to adjust the assessment of mangroves ecosystem services to our knowledge.

In this paper, we first present the distribution of mangrove forests in French Overseas territories. Then, we provide a tailored assessment of mangroves" production functions using the vulnerability index that we developed specifically for this exercise and present the J o u r n a l P r e -p r o o f monetary value per territories of each ecosystem services. Finally, we were able to compare all nine territories according to their environmental and socio-economic characteristics, to draw conclusions for management and policy decisions at local and national scales.

Methods

Study area

French Overseas territories are administered by France but are located outside of the European continent. These territories have different legal statuses. They are all represented in the French Parliament except for districts of the French Southern and Antarctic Lands (TAAF) that do not have permanent populations (Table 1). Mangroves are naturally present in nine territories and introduced in French Polynesia.

Table 1

Socio-economic and demographic characteristics of French Overseas territories with mangroves.

Beyond the socio-economic and demographic characteristics, mangroves are present in very different environmental settings. In French Guiana and Mayotte, there are coastal and estuarine mangroves. In French Guiana, mangroves experience alternating periods of rapid and extensive progradation or erosion depending on sediment inputs from the Amazon [START_REF] Plaziat | Evolution of progradation/erosion along the French Guiana mangrove coast: a comparison of mapped shorelines since the 18th century with Holocene data[END_REF]). In the Lesser Antilles (Martinique, Guadeloupe), two types of mangroves are present: alluvial and colluvial mangroves, whether they develop along river shores or in sheltered bays, respectively [START_REF] Roussel | Les mangroves de l"Outre-mer français -Ecosystèmes associés aux récifs coralliens[END_REF]. In Saint-Martin and Saint-Barthelemy, mangroves are mostly present in internal lagoon. In Europa (Scattered Islands), coral lagoon mangroves develop in semi-arid conditions with low freshwater J o u r n a l P r e -p r o o f availability (Fromard 2014). Distinct morphotypes of mangroves are found in New-Caledonia depending on their locality: estuaries, deltas, bays, coast, and small islet. In Wallis, mangroves are mainly present in small muddy bays.

French Polynesia is a particular case because mangroves are not indigenous to this territory. One species of mangrove (Rhizophora stylosa) from New-Caledonia was introduced in the 1930s on the west coast of Moorea, Haapiti, to allow the development of the Crassostrea sp. oyster but the later never acclimated. However, mangroves proliferated in Moorea and spread to the nearby islands of Tahiti, Raiatea, Tahaa, Huahine, and Bora Bora [START_REF] Cavaloc | Palétuviers Moorea : colonisation des Rhizophora récemment introduits à Moorea (Société, Polynésie française). Bilan de répartition et conséquences écologiques[END_REF][START_REF] Fauchille | Colonisation des palétuviers -Rhizophora stylosa -sur l"île de Moorea, Polynésie française. Bilan de répartition et incidence écologique[END_REF][START_REF] Iltis | La mangrove introduite dans les archipels éloignés d'Océanie, entre assimilation et rejet[END_REF][START_REF] Taureau | Surveillons la mangrove de Polynésie Française ensemble: Etude cartographique dans les îles de la Société[END_REF]. We decided to keep the mangroves of French Polynesia in our analysis to shed light on the services rendered, despite being invasive. However, the disservices associated with the replacement of indigenous species such as Paspalum vaginatum saltmarshes and sub-mangrove forests should also be considered. A cost-benefit analysis would provide a more accurate valuation of these invasive mangroves, but we were not able to assess these disservices here because of a lack of data.

The valuation of ecosystem services provided by mangroves required a vast amount of data, analysis and literature review. An operational flow chart presents the different steps of our evaluation (Fig. 1), further described in the following sections. 

MAPPING OF MANGROVES

J o u r n a l P r e -p r o o f

According to the previous national estimate made in 2016 [START_REF] Taureau | Cartographie harmonisée des mangroves de l'Outre-mer français[END_REF], the French overseas territories account for a little over 90,000 ha of mangroves using the images from the American Landsat-8 (OLI) satellite -made available by the United States Geological Surveywhose sensor has a spatial resolution of 30 m (i.e. one pixel of 900 m 2 ). This harmonized assessment (identical data and methods regardless of the territory) nevertheless suffered from several limitations, and in particular insufficient spatial resolution to detect and map mangrove massifs representing small areas. Since then, the satellite imagery offer has grown considerably, in particular thanks to the Sentinel project developed by the European Space Agency (ESA), and the deployment since 2015 of a series of specialized and complementary sensors, in particular the sensor Sentinel-2. These new Sentinel-2 satellite data offer the opportunity to significantly improve the accuracy of the 2016 mapping, both in terms of planimetric accuracy (improvement of the contours of the mangrove delineation) and in the detection of smaller massifs with a spatial resolution of 10 m.

We updated the mangrove mapping using a mixt approach combining Sentinel-2 images from 2020 and manual photo interpretation to adjust the contours (see Figure S1 in Supplementary Materials for the operational flow-chart). This update was done for French Guiana, New Caledonia, Guadeloupe, Martinique, Mayotte and Europa (Scattered Islands), representing 99% of all French mangroves. Although the level of precision cannot be determined due to photo-interpretation source of error, the increase in spatial resolution provided by Sentinel-2 allows to minimize the presence of mixed pixels. Moreover, the precision of mangrove contours and the detection of the smallest patches is significantly improved than with Landsat-8 (previously used for the national map of mangroves) for which the overall precision was around 90% ± 5% [START_REF] Taureau | Cartographie harmonisée des mangroves de l'Outre-mer français[END_REF]. Based on the confusion matrix of Sentinel-2 classification [START_REF] Taureau | Cartographie harmonisée des mangroves de l'Outre-mer français[END_REF][START_REF] Taureau | Surveillons la mangrove de Polynésie Française ensemble: Etude cartographique dans les îles de la Société[END_REF], we can conservatively assume an overall accuracy of 92% in the French Overseas territories. However, it is not always easy on J o u r n a l P r e -p r o o f very high-resolution images to determine the limit of the mangrove with the rest of the vegetation, especially in French Guiana. Therefore, photo-interpretation should be perceived as a complementary approach to the Otsu classification [START_REF] Otsu | A Threshold Selection Method from Gray-Level Histograms[END_REF] but does not replace the necessity for ground truthing associated to any supervised, unsupervised or photo interpretation of remote sensing imagery, especially where spectral signatures of mangroves may look like the ones observed over surrounding flooded or white-sand forests [START_REF] Alatorre | Identification of mangrove areas by remote sensing: The ROC curve technique applied to the northwestern Mexico coastal zone using Landsat imagery[END_REF][START_REF] Wang | A review of remote sensing for mangrove forests: 1956-2018[END_REF].

For territories with minimal mangrove extents such as French Polynesia, Wallis-and-Futuna, Saint-Martin and Saint-Barthelemy, we mapped the mangroves separately based on manual photo-interpretation of Google Earth images from 2018, based on previous studies where mangrove areas had been previously identified [START_REF] Iltis | La mangrove introduite dans les archipels éloignés d'Océanie, entre assimilation et rejet[END_REF][START_REF] Salvat | Le suivi de l'état des récifs coralliens de Polynésie Française et leur récente évolution[END_REF][START_REF] Taureau | Cartographie harmonisée des mangroves de l'Outre-mer français[END_REF].

After the mapping of mangroves, we used Google Earth images to extract the total alongshore extent of mangroves per territory, the alongshore and cross-shore extents of each mangroves" units (described in Fig. 2).

Ecosystem vulnerability and production function weighting

We assessed the vulnerability of mangroves (V) considering the following three factors: exposure to environmental and anthropogenic stressors, associated sensitivity, and related adaptive capacity following the general approach of [START_REF] Ellison | Vulnerability assessment of mangroves to climate change and sea-level rise impacts[END_REF]. We chose seven parameters (most of them differ from [START_REF] Ellison | Vulnerability assessment of mangroves to climate change and sea-level rise impacts[END_REF] to assess these factors, and assigned a score to each of them (from 1 to 5), based on existing literature. Then we added up all scores to obtain a global vulnerability score for each territory, where 1 corresponds to a low vulnerability and 5 to a high one. Next, to adjust the production function of ecosystem services for each territory, a weighting factor (W) was attributed according to the vulnerability J o u r n a l P r e -p r o o f score of the territory (Fig. 1) as follow: mangroves that are highly vulnerable (V = 35) would provide only 10% (W = 0.1) of the production function supplied by mangroves in pristine condition (V = 7; W = 1.0).

Given the invasive character of mangroves in French Polynesia, we decided not to include this territory in the assessment of a vulnerability index and therefore provided a score of 1.

Exposure

We considered three parameters to assess exposure (Fig. 1):

1) Tidal range (>3m, 2-3m, 1.5-2.0m, 1-1.5m, <1m) considering that microtidal coasts are more vulnerable to storm impacts and Sea Level Rise (SLR) than macrotidal coasts due to their lower elevation capital [START_REF] Ellison | Vulnerability assessment of mangroves to climate change and sea-level rise impacts[END_REF][START_REF] Lovelock | The vulnerability of Indo-Pacific mangrove forests to sea-level rise[END_REF][START_REF] Ward | Impacts of climate change on mangrove ecosystems: a region by region overview[END_REF]. The tidal ranges were retrieved from the global database (https://maree.shom.fr).

2) Precipitation regimes predictions (becomes wetter, rainfall unchanged, somewhat drier, moderately drier, significantly drier) considering that changing precipitation regimes can affect the growth rate and productivity of mangroves. Hence a decrease in precipitation regime, associated with high evaporation, can result in an increase in the soil salinity with a detrimental effect on seedling survival, productivity and growth rates [START_REF] Ward | Impacts of climate change on mangrove ecosystems: a region by region overview[END_REF], while increased precipitation can increase mangrove productivity and resilience to SLR by reducing pore-water salinity and sulfate concentration, and increasing riverine discharge and sediment inputs [START_REF] Gilman | Assessment of mangrove response to projected relative sea-level rise and recent historical reconstruction of shoreline position[END_REF][START_REF] Ranasinghe | Climate-change impact assessment for inlet-interrupted coastlines[END_REF]. Changes in precipitation were sourced from [START_REF] Pendergrass | Precipitation variability increases in a warmer climate[END_REF]. The two former parameters follow the methodology of [START_REF] Ellison | Vulnerability assessment of mangroves to climate change and sea-level rise impacts[END_REF], and we assigned scores accordingly (see Fig. 1).

3) Artificialisation of the land behind mangroves, considering that the level of artificialisation at the vicinity of mangroves is a good indicator of anthropogenic pressures J o u r n a l P r e -p r o o f (organic and chemical pollution, waste, land-use change, exploitation, etc.). To assess this parameter, we characterised the presence and the type of man-made infrastructure behind mangroves in a cross-shore direction through a photo analysis of high-resolution images from Google Earth. Mangroves units were identified according to their respective categorisation of land artificialisation, their along-shore extent was measured, and we assigned a score i for each unit that corresponded to the following five categories: (A) no visible human presencescore of 1; (B) few houses and/or road-score of 2; (C) agricultural fields -often with a road and few housesscore of 3; (D) residential with/without sports fields-score of 4; (E) industrial with/without a harbour, airportscore of 5 (Fig. 2).

∑

With L i (km) the along-shore extent of a mangrove unit with the score i and L tot (km) the total along-shore extent of mangroves for a territory. 

Sensitivity

We assessed the sensitivity through two parameters: the general condition of the mangrove forest, and its functional sensitivity (Fig. 1). Scores of mangroves" general condition for each territory were based on the review by [START_REF] Roussel | Les mangroves de l"Outre-mer français -Ecosystèmes associés aux récifs coralliens[END_REF] and considering the following three criteria: trend in the evolution of mangrove"s geographic distribution over the past 50 years at the scale of a territory, extent of mangrove"s geographic J o u r n a l P r e -p r o o f distribution, and relative level of mangrove ecosystem degradation (Criterion A, B and C respectively of IUCN, 2015). Those criteria are among the ones currently being used for the IUCN Red List of Ecosystems assessments (IUCN French Committee, 2017). A score of 1 was assigned to mangroves in excellent condition (i.e. no apparent reduction in the mangrove"s geographic distribution over the past 50 years, widespread geographic distribution and no to low degradation of the mangrove"s ecosystem), whilst a score of 5 was assigned to highly degraded mangroves (i.e. reduction by at least 50% of the mangrove"s geographic distribution over the past 50 years, restricted geographic distribution and high degradation of the mangrove"s ecosystem).

To assess the functional sensitivity of mangroves, we measured the functional redundancy (as opposed to the functional originality) of mangroves in each territory as a proxy. Functional redundancy occurs when multiple species contribute similarly to ecosystem functions, such that redundant species may be able to functionally compensate for the decline or loss of one or more species [START_REF] Naeem | Biodiversity enhances ecosystem reliability[END_REF][START_REF] Walker | Conserving biological diversity through ecosystem resilience[END_REF]. Therefore, the loss of species would not significantly impact the functioning of the ecosystem until the last member of a functionally redundant group is lost. The loss of that last member could, however, lead to the complete loss of essential ecosystem functions and a shift of the ecosystem to an alternate state [START_REF] Hughes | Catastrophes, phase shifts, and large-scale degradation of a Caribbean coral reef[END_REF]. We therefore considered that the higher the functional redundancy, the less sensitive mangroves are to disturbances.

Functional biodiversity indices, which include functional originality, richness, diversity and dispersion indices (FOri, FRic, FDiv, and FDis respectively) among others, are based on species traits values. We compiled the following traits values for each true mangrove species present in French territories, based on Duke"s World Mangrove iD e-book Android Version 1.0 [START_REF] Duke | World Mangrove iD: expert information at your fingertips" Google Play Store Version 1.1 for Android[END_REF]. To our knowledge, this is the only database that covers every species of mangrove in the world, with a common terminology of traits between J o u r n a l P r e -p r o o f species. Species list might need correction or updating, as we removed some species that were never confirmed on some territory.

We selected traits to account for their tolerance to salinity (tidal zone and estuarine position), their ability to attenuate wave energy (growth form and roots type), to oxygenate and stabilize the sediment (roots type), their productivity (leaf type and leaf size) and their reproductive strategy (flowering and fruiting) (Table S1 in Supplementary Materials). Final traits selected are the following:

-Tidal zone (high, mid, low), ordered.

-Estuarine position (downstream, intermediate, upstream), ordered -Growth type (fern, palm, shrub, shrub-tree, tree), ordered.

-Roots (pneumatophores, below-ground, knee roots, aerial prop roots, sturdy props lenticellate, serpentine ribbon-like).

-Leaf type (simple, compound, pinnate), ordered.

-Leaf size (length in cm), ordered.

-Inflorescence type (spike, capitulum, raceme, panicle, catkins, dichasia, solitary, absent, cyme, branching).

-Fruit (capsule, drupe, berry, nutlet, pod, carpel, legume).

-Release (spore, seeds, hybrid, propagule), ordered.

-Seed number (unknown, hybrid, solitary, numerous).

-Germination (unknown, spore, hybrid, epigeal, hypogeal, viviparous, cryptoviviparous, embryo minute).

Given the high plasticity and adaptability of mangrove trees with changing environmental conditions [START_REF] Vovides | Morphological plasticity in mangrove trees: salinity-related changes in the allometry of Avicennia germinans[END_REF], some traits value certainly doesn"t reflect the reality in some territories. Functional biodiversity indices should therefore be interpreted with caution, J o u r n a l P r e -p r o o f and be adjusted in the future with a French data base of mangroves traits per territory for instance. Ideally, mangroves trees traits database should be accompanied with other taxa traits databases, but to this date, no database exists for French overseas territories.

To calculate these functional biodiversity indices, following [START_REF] Maire | How many dimensions are needed to accurately assess functional diversity? A pragmatic approach for assessing the quality of functional spaces[END_REF] approach, we first computed a Principal Coordinates Analysis (PCoA) using Gower"s metric on the matrix of these functional traits by species and retained the functional space showing the highest quality (the average error is less than 5 %) with the minimum number of dimensions.

In our case, the functional space presenting the higher quality had seven dimensions for an average error of 4.7%. We then computed these functional biodiversity indices (see Table S3 in Supplementary Materials) using the function multidimFD [START_REF] Villéger | New multidimensional functional diversity indices for a multifaceted framework in functional ecology[END_REF] with the matrix representing mangroves species in this new functional space and the presence/absence matrix of mangroves species in each territory (Table S2 in Supplementary Materials).

Finally, we calculated a functional redundancy index FRed as 1 -FOri, ranging from 0 to 1. Considering that the higher the functional redundancy, the less sensitive mangroves are, a functional sensitivity score of 1 was associated with FRed = 1, and a score of 5 was associated with FRed = 0. All analyses were computed using the R ver. 3.6.1 statistical environment (R Development Core Team, 2019).

Adaptive capacity

We considered the adaptive capacity of mangroves to be a function of their ability to cope with environmental changes and absorb disturbance, while maintaining their functions, thereby preventing the loss of critical ecosystem services [START_REF] Folke | Regime shifts, resilience, and biodiversity in ecosystem management[END_REF]. We assessed this adaptive capacity considering two parameters: mangrove functional diversity and existing level of protection (related to conservation measures in place). Indeed, functional diversity is J o u r n a l P r e -p r o o f expected to promote ecosystem resilience [START_REF] Folke | Regime shifts, resilience, and biodiversity in ecosystem management[END_REF], consequently maintaining ecosystem functions and services in the face of environmental fluctuations and global environmental change [START_REF] Bernhardt | Resilience to climate change in coastal marine ecosystems[END_REF]. The functional richness FRic and Functional diversity FDiv, two of the functional biodiversity indices presented in the previous sub-section, can only be computed if the number of species is larger than the number of functional axes resulting from the PCoA, which was not the case here. Therefore, we used the functional dispersion FDis [START_REF] Laliberté | A distance-based framework for measuring functional diversity from multiple traits[END_REF] provided by the function multidimFD [START_REF] Villéger | New multidimensional functional diversity indices for a multifaceted framework in functional ecology[END_REF]; see the previous sub-section for more details) as a proxy of functional diversity for each territory [START_REF] De Arruda Almeida | Comparing species richness, functional diversity and functional composition of waterbird communities along environmental gradients in the neotropics[END_REF]. FDis is a multivariate measure of the dispersion of species in the functional multidimensional space and represents the mean distance of species to the centroid of the community. This functional diversity index accounts for both the volume of occupied functional space and the distribution of species within this space. Given the index ranges from 0 to 1 and assuming that the higher the functional dispersion, the higher the adaptive capacities of mangroves, a score of 1 was associated with FDis = 1 and a score of 5 was associated with FDis = 0 (Fig. 1).

The level of protection was assessed through independent appraisal by experts from the French Tropical Wetlands Network, Conservatoire du Littoral, the Research Development Institute (IRD), universities and regional focal points in each overseas territory. The question asked to each expert was the following: considering the level of pressure on mangroves, is the level of protection sufficient in your territory? A score of 1 was assigned to territories where mangroves benefited from adequate regulatory protection and management, and a score of 5 was assigned to territories where mangroves severely lacked protective measures. Although one question certainly isn"t enough to apprehend such a difficult and often subjective task, it was intended to do so because current indicators based on the surface areas of mangroves "protected" and the surface areas of mangroves "effectively managed" in French Overseas J o u r n a l P r e -p r o o f territories are not mature enough to represent the true need of mangroves protection, nor the true level of mangroves management. For instance, in Wallis and New Caledonia, traditional mangrove management is not represented yet.

COASTAL PROTECTION (WAVE ATTENUATION, STORM SURGE PROTECTION)

Mangroves contribute to the control of erosion rates, regulate the hydrological cycle and water flow (including flood control and coastal protection), and provide wind protection (Haines-Young and Potschin, 2018). In this paper, we limited our assessment to the service of coastal protection against the physical impact of waves. As mangroves naturally develop in sheltered areas and are all protected to some extent by coral reefs, seagrass beds or mud banks, our evaluation concerns mostly high energetic waves observed during severe storms or extreme events whose energy and height have not been totally dampened by associated ecosystems such as coral reefs and seagrass beds. Depending on the along-shore variability of geomorphological settings, the service of coastal protection rendered by mangroves could, therefore, be relevant to protect both urbanized area and natural terrestrial habitats from tidal waves, wind waves, cyclonic swells, and tsunami.

We valued the service of coastal protection by considering the capacity of mangroves to attenuate wave height along a cross-shore transect [START_REF] Shepard | The protective role of coastal marshes: a systematic review and meta-analysis[END_REF]. First, the relationship between wave height attenuation rates and the cross-shore extent of mangroves that were extracted from a literature review was assessed using a linear mixed-effect model (LMM) with restricted maximum likelihood. We could only use ecosystem cross-shore extent (length from seaward edge to the upper reach of the tide) as an explanatory variable, as it was the only parameter consistently available throughout the literature review. Furthermore, to account for the natural variability and complexity in the geomorphic settings and wave characteristics, we only retained field experiments in our literature review, and we considered J o u r n a l P r e -p r o o f the origin of the data (i.e. the study id.) as a random effect to control for these factors.

Analysis of the residuals did not reveal any violation of model assumptions of normality and homoscedasticity. Following recommendations of [START_REF] Bates | Fitting Linear Mixed-Effects Models Using lme4[END_REF], the effect of ecosystem cross-shore extent on the wave attenuation rate was then assessed through likelihood ratio test (LRT) between the fitted model and the corresponding null model, with a significance threshold of p < 0.05. Finally, the goodness-of-fit of the LMM was evaluated by computing marginal and conditional R 2 ( and ) that correspond, respectively, to the proportion of variance explained by the fixed effect (i.e. the ecosystem cross-shore extent) and to the proportion of variance explained by both the fixed and the random effect (i.e. the ecosystem cross-shore extent and the origin of the data reflecting other environmental parameters). All analyses were computed using the R ver. 3.6.1 statistical environment (R Development Core

Team, 2019). LMM was fitted with lmer() ("lme4" package, [START_REF] Bates | Fitting Linear Mixed-Effects Models Using lme4[END_REF], while LRT was computed with anova() ("stats" package, R Development Core Team, 2019) and marginal and conditional R 2 were computed with r.squaredGLMM() ("MuMIn" package, [START_REF] Bartón | MuMIn: Multi-Model Inference[END_REF].

Estimates of LMM of wave height attenuation rates are presented in Table 2, along with the results of the LRT against the corresponding null models. The cross-shore extent of mangroves significantly explained the proportion of wave height reduction = 37.523, p < 0.001) following a logarithmic relationship (Fig. 3). In fact, mangroves cross-shore extent explained 52% of the variance observed in the wave attenuation factor ( = 0.525) with

other environmental parameters explaining an extra 46% of the variance observed ( = 0.979). Those environmental parameters probably refer to geomorphic settings, spatiotemporal variability, bathymetry, incidence angle and energy of waves, currents, sediments type, mangrove tree species, etc.). where riverine mangroves and marine fringing mangroves are sheltered respectively by coral reefs and intertidal sand banks, with wave heights ranging from 0.08 m to 0.6 m and wave period from 3.6 to 5.8 seconds in the Australian case studies [START_REF] Brinkman | Surface wave attenuation in mangrove forests[END_REF][START_REF] Wells | In the front line: shoreline protection and other ecosystem services from mangroves and coral reefs[END_REF].

Wave attenuation data from mangroves are missing in the first twenty meters, which causes a misleading origin for the negative ordinate. Consequently, in the case of mangroves for which the cross-shore extent is less than 20 m, we assumed a 1% attenuation rate.

In a second step, for each French Overseas territory, we measured both the alongshore and cross-shore extent (L j and l i respectively; Fig. 2 and1) of each mangrove unit previously identified in terms of land artificialisation (see Fig. 2 and 1, and sub-section "Exposure"). We then predicted the wave height attenuation rate for each mangrove unit J o u r n a l P r e -p r o o f based on the relationship we established between the wave height attenuation rate and the cross-shore extent for mangroves globally.

Finally, the value of the coastal protection service for each territory was calculated using the replacement (by different artificial structures) cost method, such as:

∑

with CP representing the value of coastal protection service for mangrove in a territory (€ yr - 1 ); WA i the wave attenuation rate for a unit with a land artificialisation score of i (0 -100%);

C RS the cost of implementation of an artificial replacement structure that offers full (100 %) coastal protection (€ km -1 yr -1 ); L i the along-shore extent of mangrove unit i (km); and W the weighting factor of the territory (proportion, 0.1-1.0).

In most countries where natural protections (i.e. coral reefs, mangroves) have disappeared as a result of human-induced degradation, heavy and expensive artificial systems have been constructed to protect the coast [START_REF] Cesar | Economic analysis of indonesian coral reefs[END_REF]. Breakwaters, seawalls, rock fills and artificial reefs are four of the most commonly used artificial structures. The annual costs of these four artificial structures were estimated from a review of literature in other countries (Table S4 in Supplementary Materials) and adjusted for France Gross Domestic Product at Purchasing Power Parity (GDP PPP) Per capita as follows: 1) costs derived from the literature were converted in euros using yearly averaged exchange rates of the estimation year, 2) costs were adjusted to 2017 prices accounting for each country inflation rates [START_REF] Campagne | The seagrass Posidonia oceanica: ecosystem services identification and economic evaluation of goods and benefits[END_REF], and 3) costs were adjusted to France 2017 GDP PPP Per capita through models of costs according to study countries" 2017 GDP PPP Per capita. Accordingly, the annual costs of breakwaters, seawalls, rock fills and artificial reefs were estimated respectively J o u r n a l P r e -p r o o f

Journal Pre-proof at 552,226 € km -1 yr -1 , 946,121 € km -1 yr -1 , 820,298 € km -1 yr -1 and 357,899 € km -1 yr -1 on average in 2017 in France for a GDP PPP Per capita of 38,978 €.

CARBON SEQUESTRATION

To estimate the service of carbon sequestration, we first determined the annual sequestration rate of mangroves for each territory through the net primary production (NPP = photosynthesis -respiration). We extracted NPP values from the Net Primary Production -NPP (MOD17A2/A3) products from the NASA Earth Observing System MODIS Land Algorithm for the year 2019 using the AppEEARS application (https://lpdaacsvc.cr.usgs.gov/appeears). NASA provides a regular global estimate of daily gross primary productivity (GPP) and annual net primary productivity (NPP) of the entire terrestrial earth surface at 500 m spatial resolution [START_REF] Running | A Continuous Satellite-Derived Measure of Global Terrestrial Primary Production[END_REF][START_REF] Zhao | Improvements of the MODIS terrestrial gross and net primary production global data set[END_REF].

The Primary Production products are designed to provide an accurate regular measure of the terrestrial vegetation growth. The derivation of a satellite estimate of terrestrial NPP has three theoretical components: (1) the idea that plant NPP is directly related to absorbed solar energy, (2) the theory that a connection exists between absorbed solar energy and satellitederived spectral indices of vegetation, and (3) the assumption that there are biophysical reasons why the actual conversion efficiency of absorbed solar energy may be reduced below the theoretical potential value (but see https://modis.gsfc.nasa.gov/data/dataprod/mod17.php for further details).

To calculate the monetary value, we used the 2030 tutelary value (reference price of carbon set by a State for public/private investments) of 250 € per tCO 2 given the evolution of objectives and techniques and observed delays in lowering the world"s greenhouse gas emissions (France Stratégie, 2019). This new tutelary value of carbon gives a monetary value to public and private decarbonisation actions to achieve objectives aligned with the Paris By making use of the tutelary value of carbon approach, we aim to value mangroves service as climate change mitigation providers. However, the blue carbon stock is partially offset by methane emissions, through the process of dissimilatory nitrate reduction into ammonium (DNRA), on average by 20 % [START_REF] Rosentreter | Methane emissions partially offset "blue carbon" burial in mangroves[END_REF]. Consequently, we applied a methane emission offsetting coefficient (ME) that corresponds to a 20% reduction in the climate mitigation value of carbon sequestration [START_REF] Tanner | Mangroves in the Galapagos: ecosystem services and their valuation[END_REF].

We also compared carbon sequestration with anthropogenic carbon emissions (energy, industrial processes, agriculture, residential and tertiary, waste management, transport) per territory (CITEPA, 2019) to measure the offsetting due to blue carbon generated by mangroves.

The value of the carbon sequestration service for each territory was thus calculated as:

with CS representing the value of carbon sequestration service for mangrove in a territory (€ yr -1 ); NPP the annual net primary production for the territory (tCO2eq km -2 year - 1 ); ME methane emission offsetting coefficient; A the total area of mangrove for the territory (km 2 ); and C CO2 the 2030 tutelary value of 1 ton of CO 2 in France (€ tCO 2 eq -1 ).

WATER PURIFICATION (NITROGEN REMOVAL)

Water purification by mangroves involves the uptake of nitrogen (N) from terrestrial or coastal sources. Few mechanisms exist through which nitrogen (N) can be removed; however, denitrification transforms biologically available N and releases it to the atmosphere as either dinitrogen (N 2 ), nitrous oxide (N 2 O) or ammonia (NH 3 ). Denitrification was found to be a dominant pathway for nitrogen loss in mangroves, with up to about 90 % of that loss J o u r n a l P r e -p r o o f from anoxic sediments in a subtropical mangrove forest in China [START_REF] Xiao | Nitrogen fate in a subtropical mangrove swamp: Potential association with seawater-groundwater exchange[END_REF]. [START_REF] Xiao | Nitrogen fate in a subtropical mangrove swamp: Potential association with seawater-groundwater exchange[END_REF] also found that denitrification rates were higher in vegetated sediments (5.01 nmol g -1 d -1 ) than in unvegetated ones (1.87 nmol g -1 d -1 ) which confirm the findings by [START_REF] Kristensen | Transformation and transport of inorganic nitrogen in sediments of a southeast Asian mangrove forest[END_REF] in Thailand with denitrification rate of 0.6 kg N km -2 d -1 and 0.2 kg N km -2 d -1

respectively in vegetated and unvegetated sediments. This outcome confirms the need to adjust the production function according to the ecological state of mangroves and to develop appropriate ecological indicators to assess the service of water purification.

To estimate the service of water purification, we first conducted a literature review of the denitrification rates of mangroves. The value of the water purification service for each territory was then calculated using the replacement cost method, such as:

with WP representing the value of water purification service for mangroves in a territory (€ yr -1 ); D the average denitrification rate of mangroves according to the literature (kgN km -2 year -1 ); A the total area of mangrove for the territory (km 2 ); C NR the cost of nitrogen removal through wastewater treatment plants in France (€ kgN -1 ); and W the weighting factor of the territory (proportion, 0.1-1.0).

The average denitrification rate measured in mangroves sediments is 11.6 tN km -2 yr -1 with a low value of 3.3 tN km -2 yr -1 and a high value of 17.2 tN km -2 yr -1 (see Table S5 in Supplementary Materials). The cost of nitrogen removal through wastewater treatment plants in France was determined using the average price paid by French consumers for water treated by wastewater treatment plants, expressed in € m -3 (see Table S6 in Supplementary Materials), and the average nitrogen load in the water at the entrance of wastewater treatment plants in France, expressed in kgN m -3 . The latter was estimated at 0.10 ± 0.001 kgN m -3 and corresponds to the ratio between the maximum incoming charge (expressed in equivalent inhabitant -EH), converted into kgN, considering that 1 EH = 60 g BOD5 = 15 gN day -1 , and J o u r n a l P r e -p r o o f the daily inflow (m 3 day -1 ) measured from all water treatment plants in France (n = 12,961) (MTES, 2018).

Fish biomass production

Mangroves are important food, breeding and nursery areas for many fish and shellfish of commercial interest [START_REF] Roussel | Les mangroves de l"Outre-mer français -Ecosystèmes associés aux récifs coralliens[END_REF]. Fringes of mangroves are most regularly inundated and are therefore essential for fish biomass production [START_REF] Trégarot | Evaluation of coastal and marine ecosystem services of Mayotte: Indirect use values of coral reefs and associated ecosystems[END_REF]. Furthermore, since the entire area contributes leaf detritus via the tidal exchange, which is recycled into the food chain, the entire mangrove area contributes to fish biomass production [START_REF] Hutchison | The role of mangroves in fisheries enhancement[END_REF].

To estimate the average fish biomass, we selected studies using the same sampling methods, i.e. blocking nets, set up at the opening of mangrove creeks at high tide. The pioneering submerged front surface at high tide is estimated, whilst the amount of fish caught at low tide allows the estimate of fish biomass per unit area. The monetary value is often calculated based on the market price of fish [START_REF] Failler | Détermination de la valeur socio-économique des récifs coralliens des mangroves et herbiers de phanérogames de la Martinique[END_REF][START_REF] Giry | Les bénéfices de la protection des mangroves de l"outremer français par le Conservatoire du littoral: une évaluation économique à l"horizon 2040[END_REF][START_REF] Trégarot | Evaluation of coastal and marine ecosystem services of Mayotte: Indirect use values of coral reefs and associated ecosystems[END_REF] and the catchable fish biomass [START_REF] Thollot | Les poissons de mangrove du lagon sud-ouest de Nouvelle-Calédonie[END_REF]. In this study, we used the estimate of fish biomass production through fish farming instead, and accordingly valued the fish biomass production service through the replacement cost method as follow:

with FBP representing the value of the fish biomass production service (€ yr -1 ); B the average annual biomass production of mangroves per unit area (kg km -2 yr -1 ); A the total area of mangroves for the territory (km 2 ); C FBP the cost of producing one kilogram of fish through fish farming (€ kg -1 ) adjusted to France GDP PPP Per Capita 2017 (38,978 €); and W the weighting factor of the territory (proportion, 0.1-1.0).
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The average fish biomass observed in mangroves is 149 ± 21 kg ha -1 (n = 89) (see Table S7 in Supplementary Materials). The annual costs of producing 1 kg of fish through fish farming were estimated at 8.51 ± 3.11 € for an exchange rate USD over EUR in 2017 at 1.129686 (Table S8 in Supplementary Materials).

RESULTS

MAPPING, SURFACE AREA OF MANGROVES AND LEVEL OF ARTIFICIALISATION/URBANISATION AT THEIR VICINITY IN FRENCH OVERSEAS

TERRITORIES.

Mangroves of the French Overseas territories, not including French Polynesia, cover 87,733 ha in total. French Guiana has the highest cover with 53,106 ha. In the Lesser Antilles, Guadeloupe hosts the largest extent of mangroves (3,306 ha), followed by Martinique (1,856 ha), and to a much lesser extent, Saint-Martin (5.3 ha) and Saint-Barthelemy (4.6 ha), where mangroves are often located within inland lagoons. In the Indian Ocean, mangroves cover 623 ha in Mayotte and 626 ha in the Scattered Islands (Europa and Juan de Nova). In the Pacific

Ocean, New-Caledonia has a mangrove extent of 28,173 ha, as for Wallis-and-Futuna, only the island of Wallis has mangroves (32.7 ha). In French Polynesia, introduced Rhizophora stylosa has colonised six islands, covering 40 ha in total. Fig. 4 shows the distribution of mangroves in each French overseas territory, including French Polynesia. 
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Land artificialisation behind the mangroves was characterised from Google Earth satellite imagery (Fig. 2), for all French Overseas territories, and is illustrated in Fig. 5. 

Vulnerability assessment

According to the different scores of exposure, sensitivity and adaptive capacity, the vulnerability assessment highlights a low vulnerability of mangroves in French Guiana, the Scattered Islands, New-Caledonia, and Wallis with a weighting factor of 0.8, followed by Mayotte (0.7). Mangroves presenting the highest vulnerability are in the Lesser Antilles, with a weighting factor of 0.6 for Martinique and Guadeloupe, 0.5 for Saint-Barthelemy, and 0.4

for Saint-Martin.

Table 3

Criteria for ranking mangrove vulnerability in French Overseas territories. Scores range from 1 to 5, 5 being the most vulnerable category.

COASTAL PROTECTION

From the wave height attenuation rate an, Table 4 shows coastal protection value per French Overseas territory, considering four types of artificial structures.
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Table 4 Economic value of the service of coastal protection provided by mangroves annually in the French Overseas territories expressed as mean [min-max] according to the cost of each artificial structure. The maximal total value for all territories corresponds to the value without applying the vulnerability index (weighting factor = 1).

Note that in Saint-Barthelemy, and partly in Saint-Martin, mangroves are located inland, around internal lagoons, and therefore do not directly protect coastal dwellings from waves and storm surges. In total, the mean annual value reaches 440 million euros per year for all French Overseas territories. The value would be 568 million euros per year if we did not consider the vulnerability of mangroves.

CARBON SEQUESTRATION

On an annual basis, mangroves sequestration rate in French Overseas territories reaches on average 41.14 tCO 2 eq ha -1 yr -1 from the NPP MODIS product. Table 5 shows the results of carbon sequestration in mangroves, carbon emissions in 2017 and the average annual value in euros considering the 20% offset from methane emissions.

Table 5

Annual monetary value of the service of carbon sequestration by the mangroves of the French Overseas territories (€ year -1 ). The maximal total value for all territories corresponds to the value if mangroves were not vulnerable (Here the weighting factor = 1/W i ).

In total, the service of carbon sequestration reaches an annual estimated value of 938 ± 427 million euros. The value would be around 1,190 ± 539 million euros if we considered the J o u r n a l P r e -p r o o f mangroves were not vulnerable to anthropogenic pressure and climate change. Mangroves in territories located in the Caribbean and Amazonia accounted for 69% of the total value, while mangroves in the Pacific and Indian Ocean territories account for 30% and 1% respectively.

The sequestration of carbon by mangroves offsets 77% of the total emissions in French Guiana, 28% in New Caledonia, and 30% for all territories" carbon emissions. The trend of carbon emission since 1990 has been rising steadily for most territories, with an 85% increase on average (CITEPA, 2019). Since the adoption of the Paris Agreement in 2015, carbon emissions have slightly decreased for most territories. Still, they remain higher in 2017 for Mayotte (+8.15%), Wallis and Futuna (+2.32%), French Polynesia (+1.24%) and Guadeloupe/Saint-Martin and Saint-Barthelemy combined (+0.65%).

WATER PURIFICATION

Based on a literature review of the average denitrification rates in mangroves, the cost of removing 1 kgN per territory, Table 6 presents the economic valuation of the water purification service per French overseas territory.

Table 6

Water purification annual monetary value in the mangroves of the French Overseas territories (€ year -1 ). The maximal total value for all territories corresponds to the value without applying the vulnerability index (weighting factor = 1).

We estimated the annual value of the service of water purification to be on average 109 million euros, which is 31 million less than if mangroves were not considered vulnerable.

In term of nitrogen removal, if we consider the nitrogen waste per equivalent inhabitant (1 EH: 5.475 kgN year -1 ), we can estimate what would represent the presence of mangroves in J o u r n a l P r e -p r o o f terms of water treatment. Across all territories, the amount of nutrients treated by mangroves is equivalent to 77.7% of the total population"s wastewater, and it would reach 98.6% if mangroves fully provided their function of water treatment.

Fish biomass production

Based on the mean fish biomass observed in mangroves and the annual cost of producing 1 kg of fish, Table 7 presents the annual monetary value of fish biomass production in mangroves of the French Overseas territories.

Table 7

Fish biomass production annual monetary value of mangroves in the French Overseas territories (€ year -1 ). The maximal total value for all territories corresponds to the value without applying the vulnerability index (weighting factor = 1).

In the current vulnerability conditions, French mangroves produce annually 10,323 ± 1,457 tons of fish, that correspond to a monetary value of 89 million euros on average, that is 79 % of the maximal monetary value if mangroves were considered in excellent condition.

Discussion

Assessing the value of ecosystem services for mangroves and possible future changes is important as it can facilitate dialogues between decision-makers and managers; recent examples have demonstrated that it can lead to concrete conservation actions. For instance, in Bonaire Marine Park (Netherlands Antilles), mangroves" contribution to water purification is J o u r n a l P r e -p r o o f recognised through payment for protection included in divers" entrance feesa good example of payment for ecosystem services (PES) [START_REF] Thur | User fees as sustainable financing mechanisms for marine protected areas: An application to the Bonaire National Marine Park[END_REF][START_REF] Wunder | Revisiting the concept of payments for environmental services[END_REF].

Overall, the monetary valuation of regulation and support services provided by mangroves in French overseas territories represents on average 1.6 billion euros per year, 60% of which is carbon sequestration, 28% coastal protection, 7% water purification and 6% fish biomass production. However, the monetary value should always be interpreted with caution, and be considered within the local environmental context (ecological and social). For instance, a pristine mangrove without any human infrastructure to protect from storm surges or sea-level rise would have a higher monetary value when considering the production function, but lower socio-economic importance than a vulnerable mangrove protecting industrial and residential areas.

Considering the above, several conclusions can be drawn out from this valuation exercise: (1) coastal protection being one of the most critical services that mangroves provide, mangrove patches most important for coastal protection should be prioritised for conservation and restoration, (2) mangroves have real potential as blue carbon sinks, and more attention should be drawn to that potential as it could fund conservation action, (3) nutrient retention is an essential service provided by mangroves, but this service provision does not replace the need for wastewater treatment plants, (4) fish biomass production is particularly important for French Guiana and New-Caledonia, but the future of this service provision is difficult to envisage.

Broader management implications are then discussed, with the specific case of French Polynesia discussed separately.

Coastal protection against waves and storm surges
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Coastal protection is one of the most important service provided by mangroves in French overseas territories, representing 28% of their overall monetary value and estimated to range between 202 M€ and 688 M€ on average. This value must be interpreted with care considering the limits of such evaluation. First, in our replacement cost approach, we used the total alongshore extent of mangroves per territory. Despite the fact that we adjusted the wave attenuation rate with the cross-shore extent and that we assigned a vulnerability index, the value might still be overestimated compared to the actual ecological and socio-economic stakes at risk. Moreover, adopting such coastal defense structures is simply, and often, unachievable and unjustified (particularly true in French Guiana and the Scattered Islands)

with regard to local geomorphic settings, nearshore processes or biodiversity conservation/protection measures. With the damage avoided cost approach, Pascal et al.

(2016) used the cost of damages to beachfront dwellings and the frequency of flooding events for the last 20 years or so. However, if there is no human infrastructure to protect, mangrove is worth nothing in terms of coastal protection, which can be a very limiting approach too with regard to the value of dwellings (house vs. home), or the presence of coastal sensitive habitats and fauna.

Secondly, it must be acknowledged that this service is probably one of the most complex to assess due to spatio-temporal variability of waves, currents, sediment supply, geomorphic settings, data at appropriate resolution. For instance, wave direction and incidence angle for each mangrove unit were not considered for the cross-shore extent measurement; other ecosystems like coral reefs, seagrass beds and mud banks contribute to the dampening of wave and to the loading of sediment on the coast [START_REF] Anthony | The Amazon-influenced muddy coast of South America: A review of mud-bank-shoreline interactions[END_REF][START_REF] Christianen | Low-canopy seagrass beds still provide important coastal protection services[END_REF][START_REF] Ferrario | The effectiveness of coral reefs for coastal hazard risk reduction and adaptation[END_REF]. The connectivity of those ecosystems and their cumulative attenuation of wave height along the shoreline, could shed light on their respective wave attenuation capacity. The more parameters we include, the more processes come into J o u r n a l P r e -p r o o f models. The availability of such specific data is a major constraint though across the French Overseas territories. Furthermore, our wave attenuation model relies on a few field studies that did not cover the Caribbean, Amazonia, nor the Indian Ocean where different mangrove species are found. However, data were collected in Vietnam, Japan, or Australia from deltaic, riverine, and marine fringing mangroves, representative of different geomorphic contexts, associated with large mud banks or coral reefs, as found in most of the French Overseas territories. Further field studies are still required to assess wave attenuation rates by mangroves according to the most prevailing geomorphic settings, mangrove forests" structures, and waves height and period. Offshore wave energy can be computed for all the French Overseas territories from wave data (i.e. wave height and period) found on webplatforms such as Marine Copernicus Service (see Table S9). However, wave conditions at the shorefront of mangroves are less energetic after being attenuated by adjacent ecosystems and the 1/12° i.e. 9 km spatial resolution of wave data found on Marine Copernicus Service is thus not exploitable for small French Overseas territories if we focused on mangroves. On the other hand, it can still be appropriate for large territories such as New-Caledonia, where the distance between the external barrier reef and mangroves can be larger than 10 km (see Figure S3).

In the Lesser Antilles (Guadeloupe, Martinique, Saint Martin and Saint Barthelemy)

where population densities are high, and coastal infrastructure is dense, coastal protection services reach an annual value ranging from 22 M€ to 57 M€, depending on the type of infrastructure located behind mangroves. In Martinique, we assessed the service ranging from 10 to 26 M€ yr -1 , which is similar to the values of 16 M€ and 16.6 M€ estimated by [START_REF] Failler | Détermination de la valeur socio-économique des récifs coralliens des mangroves et herbiers de phanérogames de la Martinique[END_REF] and [START_REF] Giry | Les bénéfices de la protection des mangroves de l"outremer français par le Conservatoire du littoral: une évaluation économique à l"horizon 2040[END_REF] who both used the benefit transfer methods. The coastal protection service provided by mangroves in the French West Indies is therefore highly J o u r n a l P r e -p r o o f relevant, but mangroves do not have much space to move inland, meaning they might become "trapped" when sea level rises.

In French Guiana, land artificialisation behind mangroves is lowonly 45% of all mangroves directly protect human infrastructures in this territoryso mangroves are less vulnerable to coastal squeeze, as in the French West Indies. But this also means that the coastal protection service provided by mangroves in French Guiana are not as essential as in the French West Indies. Furthermore, the coastal protection service is in fact mostly offered by the Amazon sediment supply and the presence of large mud banks (Anthony et al., 2010 and references within). Further studies on coastal hydrodynamics (currents and waves) and morphodynamics (sediment transports and supply, bathymetry) are required at finer scale to assess wave energy and incidence angle at the shorefront of mangroves. Furthermore, mangroves face exceptional spatio-temporal dynamics due to intense coastal hydrosedimentary processes [START_REF] Walcker | Remote sensing-based monitoring of the muddy mangrove coastline of French Guiana[END_REF]. Any point on the coast experiences alternating periods of rapid and extensive mangrove progradation or erosion, which is observable on a monthly basis. Sediment inputs is a critical parameter for mangroves to be able to adapt from sea-level rise and the variability in sediment loads is crucial for examining mangrove adaptability thresholds. The assessment of coastal protection in French Guiana is to be interpreted with the utmost caution. Although no replacement structure (artificial reefs, breakwater) can realistically be implemented in such environment the replacement cost approach makes it possible to assign a monetary value, for every territory.

Similarly, in the Pacific region (New-Caledonia, Wallis), only 57 % and 48 % of the mangroves" alongshore extent directly protect human infrastructure, meaning they are both less vulnerable and less "useful" to humans for coastal protection there. In the Indian Ocean, the low topography and low sediment supply in the Scattered Islands make mangroves vulnerable to rising sea levels, however since these islands are uninhabited, the service of
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Journal Pre-proof coastal protection to people is almost non-existent. Conversely in Mayotte, we estimated coastal protection monetary value to range from 5 to 14 M€ yr -1 on average, which is in the same order than [START_REF] Pascal | Récifs coralliens, mangroves et herbiers de Mayotte: Valeur économique des services écosystémiques[END_REF], estimated at 10.5 M€ yr -1 using the avoided damages cost approach. [START_REF] Trégarot | Evaluation of coastal and marine ecosystem services of Mayotte: Indirect use values of coral reefs and associated ecosystems[END_REF] considered the value of coastal protection by mangroves in Mayotte as an option value (4.2 M€ yr -1 , since the double barrier reef and the fringing reef provided most of the wave attenuation function. Mangroves" coastal protection service is nevertheless important through other functions like shore stabilisation and sediment accretion, both crucial in the face of sea-level rise. Mayotte could be a particularly interesting case study, since the earthquake swarm episode between May 2018 and fall 2019 has led to a drop (subsidence) of the coast, up to 16 cm in some locations [START_REF] Revosima | Réseau de surveillance Volcanologique et Sismologique de Mayotte[END_REF]. This is all the more a problem for mangroves than land use and land conversion reduce mangroves' ability to retreat inland, and the island"s topography, with 63% of Grande-Terre characterized by slopes steeper than 15%, prevent any possible retreat. They extend over a narrow coastal strip and are faced with increasing anthropogenic pressure from land, with rear mangroves classified as critically endangered (CR) (IUCN French Committee, 2017).

Mangroves are potential blue carbon sinks

The service of carbon sequestration provided by mangroves is the most important in French overseas territories, representing 60% of their overall monetary value (938 M€ year -1 ).

For this service too, results should be interpreted with care. While the use of the appEEARS tool from NASA appears like a great alternative to traditional valuation methods, only simple geometries can be processed by the tool, and we had to simplify the geometries to obtain NPP on our study areas (see Figure S2 in the Supplementary Materials for an example). Given the 500 m spatial resolution of NPP products provided by MODIS, and the reduced extent of mangrove patches on most of the sites of the study, the estimates of NPP we use here have to be considered J o u r n a l P r e -p r o o f with caution. Indeed, in vast territories such as French Guyana, Martinique, Guadeloupe or New Caledonia, mangrove patches are large enough to be sure that the remotely-sensed NPP at 500 m resolution is representative of the ecosystem status. However, on smaller islands, pixels, where mangrove is present, are strongly contaminated by other types of vegetation, and the NPP only provides a rough estimate of the actual productivity of mangrove.

Since vast territories account for more than 98 % of total French mangroves areas, our carbon sequestration estimates at the national scale, should not be impacted by the low resolution of MODIS NPP products. The amount of carbon sequestered annually represents the amount of carbon equivalent emitted by all territories" manufacturing industry, residential, tertiary, agriculture and forestry sectors combined. It represents 30 % of the total emissions of CO 2 of all territories. Even though mangroves are among the most effective ecosystems in sequestering atmospheric carbon, together with saltmarshes and seagrass beds [START_REF] Taillardat | Mangrove blue carbon strategies for climate change mitigation are most effective at the national scale[END_REF][START_REF] Cragg | Vascular plants are globally significant contributors to marine carbon fluxes and sinks[END_REF], complementary efforts are needed to reach carbon neutrality.

Starting by reducing carbon emission from the transport (38%), energy (35%) and manufacturing industries (25%) sectors, and implementing further conservation measures towards natural carbon sinks like other marine ecosystems and terrestrial forests. Now, PES schemes such as "Reducing Emissions from Deforestation and Degradation" (REDD+) incentivize conservation through "avoided deforestation", with a service buyer paying a service provider to store carbon that would otherwise be emitted due to land cover change.

Payments for avoided deforestation are frequent in terrestrial forest conservation and are rapidly gaining traction in mangrove research and policymaking under the term "blue carbon" [START_REF] Mcleod | A blueprint for blue carbon: toward an improved understanding of the role of vegetated coastal habitats in sequestering CO2[END_REF][START_REF] Sutton-Grier | Leveraging carbon services of coastal ecosystems for habitat protection and restoration[END_REF], with initiatives such as the International Blue Carbon Initiative, or the International Blue Carbon Partnership between Australia and Indonesia being created. This could gain even more traction if the carbon soil, and its variability across depth, space and age of mangroves, were accounted into the PES scheme REDD+ [START_REF] Cragg | Vascular plants are globally significant contributors to marine carbon fluxes and sinks[END_REF][START_REF] Walcker | Control of "blue carbon" storage by mangrove ageing: Evidence from a 66-year chronosequence in French Guiana[END_REF]. Mangroves could then play a real carbon J o u r n a l P r e -p r o o f sink role for France"s climate policies and strategies, including blue carbon schemes which could fund conservation and restoration efforts throughout French territories [START_REF] Donato | Mangroves among the most carbon-rich forests in the tropics[END_REF][START_REF] Locatelli | Turning the tide: how blue carbon and payments for ecosystem services (PES) might help save mangrove forests[END_REF].

In this paper, we used the rate of carbon sequestration, which can be evaluated on an annual basis, unlike the carbon stock present in soils and biomass, on average 885 Mg C.ha -1 or 3239 t CO 2 eq ha -1 [START_REF] Kauffman | Ecosystem carbon stocks of mangroves across broad environmental gradients in West-Central Africa: Global and regional comparisons[END_REF]. The level of carbon storage in the soil is reached over a long-timescale through the process of necromass and plant litter decomposition, followed by the process of burial into anoxic sediment where organic carbon breaks down very slowly [START_REF] Cragg | Vascular plants are globally significant contributors to marine carbon fluxes and sinks[END_REF]. However, the stock of carbon can be recirculated to the atmosphere if the mangroves are destroyed. If we consider that the total carbon stock of one hectare of mangrove, including the first meter of sediment, is released in the atmosphere following the reconversion of the territory [START_REF] Hamilton | Global carbon stocks and potential emissions due to mangrove deforestation from 2000 to 2012[END_REF], this represents 3,239 tCO 2 eq, worth 809,750 € ha -1 . Consequently, the land conversion of one hectare of mangroves would represent a societal cost of 845,000 € ha -1 for blue carbon over a generation (stock of carbon soils and biomass + annual sequestration of carbon for 30 years).

WATER PURIFICATION IS AN ESSENTIAL SERVICE BUT DOES NOT REPLACE THE NEED FOR WASTEWATER TREATMENT PLANTS

With a growing population, land-use changes, urbanisation and deforestation, runoffs constitute a significant stressor to coastal ecosystems. The service of nutrient filtration such as nitrogen removal provided by mangroves is essential, as it is estimated that they treat the equivalent of 77.7% of all French overseas territories" wastewater, for an annual monetary value of 109 million euros in total.

Similarly to coastal protection, the value of this service, or its relative importance, depends on the proximity of mangroves to dwellings, and more generally, to population J o u r n a l P r e -p r o o f density and activities. Therefore, the service of nutrient filtration is more pressing in densely populated territories such as Martinique or Mayotte (1,789 € ha -1 yr -1 and 1,949 € ha -1 yr -1 respectively), where water quality is essential for associated ecosystems (seagrass and coral reefs). This is not the case in French Guiana, where low population density and the absence of seagrass beds and coral reefs, due to naturally turbid waters, lower the importance of this service. However, even in the absence of human population, the function of nutrient cycling is essential to mangroves" productivity, which contributes to the provision of all other services and should therefore not be ignored. Another important consideration is the fact that the nutrient retention function by mangroves is not only beneficial to coastal water quality; it is also useful for agriculture. According to [START_REF] Hussain | Valuing mangrove ecosystem services: linking nutrient retention function of mangrove forests to enhanced agroecosystem production[END_REF], it is estimated that one hectare of mangroves contains additional nutrients worth US$232.49, and we estimated from satellite imagery that 32% of mangroves are currently adjoining agricultural fields in Guadeloupe, 19% in New-Caledonia and 15% in Martinique. Adjacent mangroves then help in the removal of nitrogen from agricultural runoffs that wastewater treatment plants cannot deal with. We would like to emphasise; however, that mangroves do not replace the need for wastewater treatment plants, because poor water quality negatively impacts their functioning [START_REF] Herteman | Evaluation des capacités bioremédiatrices d'une mangrove impactée par des eaux usées domestiques. Application au site pilote de Malamani[END_REF].

In any case, from a management point of view, it could be interesting to monitor parameters linked to this nutrient filtration service, such as vegetation density, soil salinity [START_REF] Wang | Salinity is a key factor driving the nitrogen cycling in the mangrove sediment[END_REF] and presence of crabs [START_REF] Herteman | Evaluation des capacités bioremédiatrices d'une mangrove impactée par des eaux usées domestiques. Application au site pilote de Malamani[END_REF] which all influence nitrification and denitrification processes. In addition to the removal of nitrogen from mangroves sediments by denitrification, other pathways could be included, namely the uptake of inorganic nitrogen by mangroves and anaerobic ammonium oxidation (anammox), that could remove about 10% of the nitrogen [START_REF] Adame | Tropical coastal wetlands ameliorate nitrogen export during floods[END_REF].

J o u r n a l P r e -p r o o f 4.4. Fish biomass production is particularly important for French Guiana and New Caledonia, but the future of this service provision is difficult to envisage.

Fish biomass production provided by mangroves in French territories were estimated at 10.3 ± 1.5 million kg year -1 , worth 88 million euros annually on average for all territories.

French Guiana is by far the territory where this service is the most valuable with 54 million € year -1 . However, the value would be significantly higher if we considered crustaceans since they use mangroves as an important nursery habitat [START_REF] Diop | The role of mangrove in the French Guiana shrimp fishery[END_REF]. In French Guiana, shrimp fishery represents the third export sector of the territory. In New Caledonia, where fish biomass production service value is also high (29 million € year -1 ), with 250 different fish species recorded in mangroves [START_REF] Thollot | Les poissons de mangrove du lagon sud-ouest de Nouvelle-Calédonie[END_REF], the number of invertebrate"s species is likely to be considerable, with some species representing important food resources (e.g. mud crab Scylla serrata). In any case, more than the surface or density of mangroves, functional traits of mangroves trees seem to influence fish assemblages. For instance, Laguncularia spp.

provides a more diverse array of conditions and generates a large amount of litterfall, while

Avicennia germinans has the highest leaf decomposition rate, contributing to high productivity and high fish biomass. However, the link between mangroves community structure and fish biomass is not completely clear, and further studies are needed to find the right indicators for this service, noting that fish assemblages are also linked to anthropogenic impacts [START_REF] López-Rasgado | Variation in isotopic trophic structure and fish diversity in mangrove systems subject to different levels of habitat modification in the Gulf of California, México[END_REF]. It is worth noting that mangroves increase fisheries yields [START_REF] Aburto-Oropeza | Mangroves in the Gulf of California increase fishery yields[END_REF] and contribute into inshore fisheries on associated ecosystems, such as coral reefs, through the function of nursery, and the outwelling of detritus [START_REF] Hutchison | The role of mangroves in fisheries enhancement[END_REF][START_REF] Mumby | Mangroves enhance the biomass of coral reef fish communities in the Caribbean[END_REF]. Therefore, we need to have a better understanding of the effects of anthropogenic stressors and climate change on mangrove"s functional ecology to predict their impacts (magnitude and direction of changes) on the J o u r n a l P r e -p r o o f associated fauna, which will ultimately affect most ecosystem services, including fish biomass production.

Implications for management

A range of legislative and regulatory tools exist to protect mangroves at different levels, from international conventions (Convention on Wetlands of international importance known as the Ramsar Convention, Convention on Biological Diversity, etc.), European laws (Water Framework Directive), and a plethora of national regulatory tools which differ from one territory to another. Territories with a less independent status (Overseas Regions or ORs in the European jargon) such as Guadeloupe, Martinique, French Guiana or Mayotte use French-specific protection tools such as national or regional natural reserves, national parks, marine parks or biotope protection regulations. In contrast, more independent territories such as Saint-Barthelemy, New-Caledonia or Wallis-and-Futuna have adopted their own mangrove protection regulations. An important conservation tool is the ability, for a State agency, named "Conservatoire du Littoral", to purchase parcels of mangroves with a habitat protection objective in Overseas Regions. To date, a large majority (over 80%) of mangroves in Martinique, Guadeloupe and Mayotte belongs to this Agency, which also owns over half of mangroves in French Guiana. However, mangroves continue to be threatened, due to limited financial, human and police means. This is illustrated by recently released results of two national indicators for French mangroves: "% of mangroves that are under legal protection" on the one hand, and "% of mangroves that are effectively managed" on the other (Pôle Relais Zones Humides Tropicales). ecological, and biogeochemical processes and they might not provide enough information to detect disturbances before it is too late [START_REF] Loiseau | Indices for assessing coral reef fish biodiversity: the need for a change in habits[END_REF]. The development of ecological indicators should, therefore, be driven by the need to monitor both changes in ecosystem condition, and changes in the provision of services. Our study shows that traits such as tree density, tree height, and stem diameter are relevant morphological traits to monitor coastal protection whilst net productivity, leaf surface, and tree height are most suited for assessing carbon sequestration, along with the hydroperiod and soil characteristics [START_REF] Sasmito | Organic carbon burial and sources in soils of coastal mudflat and mangrove ecosystems[END_REF]. However, ecosystem functioning is not only based on tree diversity but also on mangrove macrobenthos (e.g. crabs as ecosystem engineers), molluscs, microorganisms [START_REF] Cragg | Vascular plants are globally significant contributors to marine carbon fluxes and sinks[END_REF][START_REF] Kristensen | Mangrove crabs as ecosystem engineers; with emphasis on sediment processes[END_REF]Lee, 2008). Mangrove"s macro-and meiobenthos are yet to be fully documented in French Overseas territories. Monitoring functional traits from trees and other taxa could, therefore, make sense in the frame of ecosystem services provisioning, and the French mangrove monitoring network (ROM)which released a mobile application allowing to signal disturbances in mangroves in November 2019 -should aim at integrating these traits, through functional biodiversity indices and production functions, into national monitoring efforts. This, combined with the mobile app, could enhance managers" capacity to detect environmental changes and react on time.

J o u r n a l P r e -p r o o f

The specific case of introduced mangroves in French Polynesia

The mangrove species Rhizophora stylosa was introduced to French Polynesia in the 1930s and has since colonized six islands (Moorea, Tahiti, Huahine, Raiatea, Tahaa, and Bora Bora), covering a surface area of 40 ha [START_REF] Taureau | Surveillons la mangrove de Polynésie Française ensemble: Etude cartographique dans les îles de la Société[END_REF] and potentially replacing local coastal ecosystems such as Paspalum vaginatum-dominated saltmarshes [START_REF] Florence | Nadeaud botanical data base of Herbarium Polynesia (PAP) (Base de données botaniques Nadeaud de l'Herbier de la Polynésie Francaise (PAP)[END_REF][START_REF] Taureau | Surveillons la mangrove de Polynésie Française ensemble: Etude cartographique dans les îles de la Société[END_REF]. After 90 years of presence, uncertainty remains regarding 1) the exact threat or disservice mangroves in French Polynesia pose to the environment and local communities versus 2) ecosystem services they might provide, as highlighted in parts of the world where they occur naturally. In the French West Indies, a similar case exists with the phanerogam species Halophila stipulacea [START_REF] Maréchal | Occurrence of the alien seagrass Halophila stipulacea in Martinique (French West Indies)[END_REF]. Despite out-competing native phanerogam species, H. stipulacea still provides services such as carbon sequestration, coastal waters purification, habitat provision for important marine fishing resources, and shore erosion mitigation -similarly to local phanerogam species. As a consequence, this seagrass species has not been controlled.

Assessing the economic benefits of invasive species is ethically and scientifically disturbing. Still, when it comes to foundation species like mangroves, seagrass, or saltmarshes, potential economic benefits are hard to ignore, and the eradication of a productive ecosystem might be seen as counterproductive. We made the decision to include French Polynesian mangroves in this economic valuation study. However, these results

should not be a motive for new plantation, which is forbidden since 1982, nor the introduction of R. stylosa on other islands of French Polynesia, even if mangroves could provide more benefits than the local species P. vaginatum [START_REF] Ramus | An invasive foundation species enhances multifunctionality in a coastal ecosystem[END_REF]. Indeed, in order to make the most effective management action, further studies should be conducted to assess current and potential future the environmental and economic disservices [START_REF] Vaz | Integrating ecosystem services and disservices: insights from plant invasions[END_REF] and compare J o u r n a l P r e -p r o o f

Journal Pre-proof them to services provided by R. stylosa In French Polynesia, to then perform a cost/benefit analysis of mangroves eradication or control vs inaction or even planting, which is legally banned in French Polynesia at present.

CONCLUSION

We showed that mangroves provide essential ecosystem services in French Overseas territories, and contribute to the good functioning of coral reefs and seagrass beds. Moneywise, the service of carbon sequestration has the highest value and directly mitigates climate change through its feedbacks on atmospheric carbon concentration. The vulnerability index used here is a first step in adjusting mangroves production functions in French overseas territories, and lots of other parameters could be included [START_REF] Ellison | Vulnerability assessment of mangroves to climate change and sea-level rise impacts[END_REF]. The next step could be to consider all activities occurring in catchments, and not only the ones occurring at the immediate vicinity of the mangroves. Another research avenue could be to include other taxa in the assessment of mangroves" vulnerability. The IUCN Red List assessment of mangroves in Mayotte (IUCN French Committee, 2017) was an excellent initiative for assessing the vulnerability of mangroves in this territory, where mangroves are facing a steep rate of population growth and economic activities. This approach should be extended to all other territories, for which socio-economic pressures are still high, and the ongoing degradation of mangroves constitute a threat both for the local economy and the environmentstarting with the French West Indies.

This study is the first assessment of mangroves" ecosystem services at the French national scale, with conclusions that can be directly useful to managers and decision-makers.

This paper isn"t a global framework for monetary valuation of mangroves in France but is rather a starting point for more detailed, territory-specific valuation. Differences between J o u r n a l P r e -p r o o f territories have been underlined through the vulnerability index, which considers some of the territories" specificities in the valuation of ecosystem services. However, the exercise of mangrove services valuation is very difficult. It must be rooted as far as possible in a deep understanding of coastal processes and the acknowledgement of their variability at all -spatial and temporal -scales of observation. It is important to emphasize that, while mangroves in French overseas territories benefit from international, European, national and local regulatory measures, these measures remain insufficiently funded to be properly and efficiently implemented. With an increasing emphasis being currently placed on the value of ecosystem services provided by mangroves to face climate change, a serviced-based approach to conservation would plead for increased national investment into their protection. Economic value of the service of coastal protection provided by mangroves annually in the French Overseas territories expressed as mean [min-max] according to the cost of each artificial structure. The maximal total value for all territories corresponds to the value without applying the vulnerability index (weighting factor = 1). Table 5 Annual monetary value of the service of carbon sequestration by the mangroves of the French Overseas territories (€ year -1 ). The maximal total value for all territories corresponds to the value if mangroves were not vulnerable (Here the weighting factor = 1/W i ). 
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  First results indeed indicate that 70.6% of mangroves are under legal protection, but only 25.2% are effectively managed. A mapping protocol based on the exploitation of Sentinel-2 data via Google Earth Engine makes it possible to quantify future J o u r n a l P r e -p r o o f changes in mangroves distribution -particularly in French Guiana -and consequent changes in the provision of ecosystem services. Although the above surface-based indicators provide a good overview of mangrove protection efforts in French overseas territories, they do not provide information on ecosystem services gain or loss. The relevance of developing ecosystem health indicators is often questioned because of their cost, which may prevent effective use by managers in the longterm. However, indicators that are too simplistic fail to represent the complexity of biological,
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 2 Results from the Linear Mixed Model of the wave attenuation factor for mangroves and Likelihood Ratio Test with the null model (n = 21 observations).

	Fig. 3. Wave height attenuation rate by mangrove cross-shore extent from a Linear Mixed
	Model (LMM). Dotted lined indicates the standard error of LMM"s estimates.
	Wave attenuation data were collected from different regions with different

o u r n a l P r e -p r o o f environmental settings. Most data are from Vietnam, in the deltas of the Red River

(Bao, 2011;[START_REF] Quartel | Wave attenuation in coastal mangroves in the Red River Delta, Vietnam[END_REF]

, Tong King

[START_REF] Mazda | Mangroves as a coastal protection from waves in the Tong King delta, Vietnam[END_REF] Can Gio (Bao, 2011) 

where mangroves are sheltered from large intertidal mudflats and sand banks with mean wave height measured between 0.11 m and 1 m and wave period from 5 to 10 seconds. Wave attenuation from mangroves also came from Japan (Iriomote Island) and Australia (near Townsville)

Table 1

 1 Socio-economic and demographic characteristics of French Overseas territories with mangroves.

	French		Region	EU Overseas	GDP per	Population	Pop. Density	Yearly % change
	Overseas			Status	capita g		(hab./km 2 )*	(averaged over
	territory								10 years) g
	French Guiana Amazonia	Overseas	16,287 €	268,700 a		3.2	2.5 %
				Region				
	Martinique		Lesser	Overseas	23,274 €	372,594 a		330.3	-0.7 %
	Antilles Lesser Antilles Lesser Antilles Lesser Antilles Indian Ocean Indian Ocean New Caledonia Pacific Guadeloupe Saint Martin Saint Barthelemy Mayotte Scattered Islands J o u r n a l P r e -p r o o f Region Overseas Region 22,121 € 390,253 a Overseas Region 14,700 € 35,334 b Overseas Country and Territory 35,700 € 9,961 b Overseas Region 8,980 € 250,143 a Overseas Country and Territory NA 48 f Overseas 29,787 € 271,407 e	239.7 409.2 408.0 668.8 1.2 14.9	-0.3 % 0.1 % h 1.75 % i 3.1 % NA 1.6 %
			Ocean	Country and				
				Territory				
	Wallis	and	Pacific	Overseas	10,100 €	11,558 d		81.2	-2.0 %
	Futuna		Ocean	Country and				
				Territory				
	French		Pacific	Overseas	17,035 €	275,918 c		66.2	0.4 %
	Polynesia		Ocean	Country and				

Table 4
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Table 6 Water purification annual monetary value in the mangroves of the French Overseas territories (€/year). The maximal total value for all territories corresponds to the value without applying the vulnerability index (weighting factor = 1). French Guiana 4,928,237
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