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Abstract  

Anthropogenic and natural impacts threaten the sustainability of ecosystem services provided 

by the ocean and its coastlines. Coral reefs are an endangered and important component of 

the tropical realm. Coral reef science, management and conservation programs greatly benefit 

from habitat maps when they are available. This study reviews the use of the Millennium 

Coral Reef Mapping Project (MCRMP), which hierarchically mapped since 2004 coral reefs 

worldwide using Landsat satellite multispectral imagery at 30 meter spatial resolution. 

Tracking in the scientific literature the impact of MCRMP products proved to be difficult 

because of frequent lack of citations (omission errors) and confusion with products that have 

integrated MCRMP data but degraded them (commission errors). To categorize the 

applications themes, we selected 62 representative studies that unambiguously used MCRMP 

products. MCRMP products were used prominently to achieve new results in coral reef 

inventories; conservation planning; enhancement of biodiversity and fishery resource 

mapping, monitoring and modeling; connectivity and climate change modeling. The products 

were also useful to map other ecosystems. We evaluate the main strengths, weaknesses, 

opportunities, and threats to MCRMP products. From this review, we also make 

recommendations and reflect more generally on the value of future global-scale mapping 

projects targeting specific ecosystems. 

Key-words: conservation; fishery; climate change; habitat mapping;  

Introduction 

Over the last decades, human population and infrastructure development have grown 

exponentially. The increasing global demand for natural resources, unsustainable pressures 

on marine ecosystems and climate change impacting the Biosphere have led to the so-called 

Anthropocene era, a new geological epoch defined by the marked influence of humans 

(Lewis and Maslin 2015). In particular, marine biodiversity and ecosystems are increasingly 

suffering from pollution, mineral extraction, fishing, overexploitation and rising atmospheric 
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carbon dioxide levels (CO2) which results in an increase of ocean temperature and acidity 

(Doney et al. 2012) and from the complex interactions of all these disturbances, 

Tropical human societies depend on healthy marine and coastal environmental that can 

provide a large range of ecosystem services such as materials, carbon regulation, food 

resources and fisheries, and physical protection. This is notably the case for coral reefs, 

seagrass, and mangroves (Doney et al. 2012). With the intensifying threats, countless 

conservation initiatives have increased their focus on these ecosystems especially in the past 

20 years. These initiatives require and use a variety of integrated socio-ecosystem metrics and 

indicators to describe conservation status, targets, and measures. On the biological side of 

these metrics, biological diversity, species distribution, population size and condition, habitat 

distribution, extent and condition, and ecosystem structure are all critical information. 

Habitat mapping is an important component of management and conservation strategies and 

programs (Turner et al. 2003, Kachelriess et al. 2014). Habitat maps can inform these 

programs in many ways, for instance to facilitate participatory workshops involving 

stakeholders, design field-based sampling protocols, identify remarkable zones, or delineate 

management planning units (Van Wynsberge et al. 2015). The design of many conservation 

programs has benefited from the increased availability of habitat maps for mangroves, 

seagrass meadows and coral reefs, despite the many gaps still left (Purkis 2018, Wang et al. 

2019, Veettil et al. 2020).  

If we focus on coral reefs, back in the late 1990s and early 2000s, strong emphasis was put by 

managers on simply knowing how much coral reef areas existed, and where, globally, 

nationally and locally (Spalding et al; 2001). Consistent inventories was a management 

priority. This was before more complex analysis on a variety of processes could be tackled. 

Today, the focus and perceived important gaps may be different, but habitat maps are still 

needed to understand better and mitigate the effects of intensive fishing, climate change, 

pelagic and benthic mortalities, sea level rise, increased frequencies of extreme events such 

as cyclones, and all other natural and human-induced stressors (Hamylton 2017, El Mahrad et 

al. 2020). In 2002, to respond to the rising demand for accurate coverage statistics, maps, and 

to foster spatially-explicit coral reef studies, the Oceanography Program of the National 

Aeronautics and Space Administration (NASA), funded the Institute for Marine Remote 

Sensing (IMaRS) at University of South Florida to launch the Millennium Coral Reef 

Mapping Project (MCRMP) and distribute the products. The project was also further funded 

by Institut de Recherche pour le Développement (IRD) by mid-2003 through in kind 

contribution. Throughout the subsequent years, the objective remained to move forward 
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towards a consistent cartographic product of coral reefs worldwide and to distribute these 

products as Geographical Information System (GIS) layers to help coral reef science and 

management initiatives (Andréfouët et al. 2006). After 2008, however, the creation of new 

products became more project-oriented, and on-request, instead of filling gaps systematically. 

The primary aim of this literature review was to assess for which science and management 

application MCRMP products have been useful, nearly 20 years after the initial funding was 

awarded. From this assessment, it is possible to discuss if MCRMP met its objectives, and in 

which field in particular. It is also possible to discuss if the products were adequately used or 

not. Finally, the review can also highlight in the case of future similar niche global-scale 

mapping projects that focus on specific ecosystems i) if they are really needed, compared to 

more local projects, and ii) if some lessons can be learnt from the MCRMP project.  

Background on MCRMP and Methods 

The context of remote sensing of coral reefs in the early 2000s 

At the time of the genesis of the MCRMP project, in the early 2000s, an intense period of 

research performed by various groups worldwide and facilitated by a rise of available sensors 

had recently clarified what was possible using remote sensing for coral reef investigation and 

for coral reef habitat mapping in particular (Andréfouët and Riegl 2004). Several key simple 

facts valid 20 years ago (many still relevant today, Kutser et al. 2020) need to be re-

emphasized, because they conditioned MCRMP. We list them as bullet points.  

 The extent of coral reefs was still imprecise at national and international scales, and better, 

more consistent, inventories were needed in priority (Spalding et al. 2001).  

 Coral reef habitats globally can be described with geomorphological (continental/oceanic, 

reef forms, depth, etc) and benthic (cover, architecture, rugosity, species, etc.) attributes 

(Andréfouët et al. 2003) 

 Accuracy of habitat maps is highly variable. The mapping of geomorphological attributes 

is more accurate than benthic attributes (Andréfouët et al. 2003, NOAA 2003).  

 While spectral signatures (i.e., the reflectance spectra of an object, or the variation of 

reflected light as a function of wavelength) can be differentiated at small (organism) 

spatial scales (Hochberg et al. 2003), spatial mixing of benthic organisms on reefs 

complicate the detection of individual components of reef benthos. When depth increases, 

even for spectrally distinct features such as bleached corals, the discrimination of 

individual submerged objects is even more very limited, (Andréfouët et al. 2002; Hedley 

et al. 2012).  

 Although managers often focus on the live coral cover index as a measure of reef health, 
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mapping live coral cover basically remains an utopia when using remote sensing, except 

when very specific conditions (homogeneous cover, clear water, shallow depth) and high 

resolution sensing capacities can be met (Hedley et al. 2012). 

 Field-based accuracy assessment can be easily and optimistically affected by a biased 

control sampling (Andréfouët 2008), but it is a necessary evil in order to trust the quality 

of any maps (Foody 2002). Geomorphological maps do not require ground-truthing 

because class boundaries are fairly obvious, but the interpretation of geomorphology 

(labelling) may vary (Andréfouët et al. 2006).  

 High mapped geomorphological richness, as a proxy of habitat richness, could be linked to 

high species diversity (Andréfouët and Guzman 2005). 

 Image processing methods for habitat mapping are multiple, but the most efficient 

combine a mix of spectral, spatial, and contextual editing approaches, the latter being 

particularly effective for geomorphological mapping (Andréfouët 2008). 

 In 2000, only the Landsat 7 Enhanced Thematic Mapper Plus (ETM+) mission, providing 

30m resolution multispectral images, had plan a systematic acquisition of coral reefs, 

which occurred between 1999 and 2003 (Arvidson et al. 2001). The mission is now 

continued with Landsat 8 since 2013. Very high spatial resolution (1-4m) multispectral (4-

8 bands) images became increasingly available starting in the early 2000s, and quickly 

became the most common source of data for local coral reef mapping, but they remained 

expensive for large areas. Nowadays, in 2020, 10m-resolution data are available for free, 

almost globally, with the Sentinel-2 mission, and 3.7m resolution Planet archived data cost 

start at about 1.5-2 $.km
-2

. 

From these key-points, twenty years ago, an innovative, valuable, cost-effective, consistent, 

first global mapping of coral reefs could be feasible only by 1) using Landsat satellite; 2) 

avoiding costly ground-truthing; 3) mapping geomorphological entities compatible with 

Landsat spatial resolution, 4) maximizing the geomorphological thematic richness globally to 

offer a maximum of potential application for biodiversity applications: 5) mapping 

consistently between locations, with the same classification scheme, the same methods and 

the same trained mapping team familiar with coral reefs (Andréfouët et al. 2006). 

MCRMP products 

MCRMP mapping products describe coral reef geomorphological units, which provides a 

first level of habitat description and definition. They are created by using cloud-free Landsat 

7 remote sensing images. These images have a spatial resolution of 30 m, and 4 of the 7 

spectral bands were used for MCRMP (blue, green, red, and near-infra-red). Images used by 
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MCRMP were acquired from 1999 to 2003. After a period of trials, it was decided that to be 

able to use the maps universally and for different applications, coral reefs could be classified 

geomorphologically into five hierarchical levels of thematic resolution. Level 1 – the simplest 

– corresponds to the differentiation between oceanic and continental (shelf) reefs. Then from 

Levels 2 to 5, the higher the level, the more detailed the classification is. To illustrate this 

hierarchical typology, Figure 1 shows examples of maps for Levels 3, 4 and 5 for Huahine, a 

high oceanic island in French Polynesia. Huahine is an Oceanic (Level 1) Island (Level 2). At 

Level 3, it includes several geomorphological reef entities such as ‘outer barrier reef’, 

‘coastal barrier reef’, ‘oceanic exposed fringing reef’, and ‘lagoon-exposed fringing reef’. 

We note that Level 4 provides a separate catalogue of coral reef geomorphological structures 

than can be present in each of the Level 3 structures. For instance, the Level 4 class ‘forereef’ 

(Figure 1, middle) can be found either in the Level 3 ‘outer barrier reef complex’ class or in 

the Level 3 ‘coastal barrier reef complex’ class (Figure 1, top). Level 5, the most complex 

level, combines the levels 1 to 4. As such, the Level 5 class: ‘reef flat’ (L4) of an ‘oceanic 

exposed fringing reef’ (L3) of a ‘island’ (L2) ‘oceanic’ (L1) is different from the ‘reef flat’ of 

an ‘oceanic exposed fringing reef’ of a ‘island’ ‘continental’. Similarly, the ‘reef flat’ of an 

‘oceanic exposed fringing reef’ of a ‘island’ ‘oceanic’ (cf. code ‘224’ in Figure 1) is different 

at Level 5 from the ‘forereef’ of an ‘oceanic exposed fringing reef’ of a ‘island’ ‘oceanic’ (cf. 

code ‘222’ in Figure 1).  

All polygons are also described by several attributes that indicate if they are part of the land 

area or not (LAND = 1, 0), hard-bottom or sedimentary dominated areas (REEF = 1, 0), and 

provide a qualitative indication of depth.  

Overall, a total of 805 Level 5 classes are defined for all coral reefs worldwide. However, not 

all classes occur in a single location (Andréfouët et al. 2006). A complex island like 

Huahine has 19 Level 5 entities, not 805 (Figure 1). It is important to reemphasize that 

MCRMP products do not necessitate ground-truth data for the identification of 

geomorphological classes. This is a real advantage, and a necessity, for the feasibility of a 

global mapping project with limited budget. 

A very important point is that MCRMP products target applications preferentially at a 

regional meso-scale. In other words, they are not suitable for small-scale (e.g. < 1 km
2
) 

studies, but rather for larger areas (i.e. > 100 km
2
), thus encompassing large islands, 

archipelagos, and zones up to the scale of nations or regions. To date, most coral reef regions 

have Level 1-5 products at national scales, but gaps still remain, namely for the Red Sea (no 

product) and Indonesia-Philippines which are partially mapped at Level 3 only. Several 
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previous products have also not been updated using the current classification scheme and 

codes (most recent version from 2012). 

Since 2006, MCRMP products have been integrated in other coral reef map databases, 

notably in the UNEP World Conservation Monitoring Centre (UNEP-WCMC) database 

(available here: https://data.unep-wcmc.org/datasets/1). The UNEP-WCMC compiled coral 

reef data from MCRMP and from the previous World Atlas of Coral Reefs (Spalding et al. 

2001), as well as several other sources for specific locations. It provides a global coverage. 

However, it should be made very clear that UNEP-WCMC products only provide a single-

attribute reef layer, without any geomorphological or depth attributes or any classification of 

types of coral reefs as they are found on MCRMP data. In other words, all reefs are the same. 

Furthermore, in agreement with NASA and IMaRS, UNEP-WCMC integrated after its own 

interpretation a number of non-validated MCRMP products which is the reason why the 

product is not endorsed by IRD. This integration allowed increasing the spatial coverage of 

the product but resulted in a number of problems (e.g., duplicate polygons, deletion of in 

particular fringing reef areas, inconsistent reinterpretation of several features, etc.). Some of 

these problems were detected and described for instance by Cros et al. (2014) when 

themselves integrated these products into another database (Coral Triangle Atlas). Since 

2008, no other MCRMP products have been added to the UNEP-WCMC database to our 

knowledge and products updated and finalized after 2008 are available on request to IRD.  

Another product integrated MCRMP data, namely the Reef at Risk/World Resources Institute 

(WRI) Caribbean coral reef layer (Burke and Maidens 2004). This product includes 

resampled Caribbean MCRMP products (those available in 2004) at 500 meter resolution. 

The WRI product merges various data sources (MCRMP, NOAA, UNEP-WCMC) as a 

binary product without hierarchical levels of description.  

Scientific literature search  

A literature search was conducted through the SCOPUS, Google Scholar and Web of Science 

(WOS) databases for articles citing the initial article presenting the MCRMP (Andréfouët et 

al. 2006) or containing ‘Millennium Coral Reefs Mapping Project’. For instance, according to 

Google Scholar, 254 papers and reports cite the initial article (as of 18/01/2021). The 

Reefbase library (http://www.reefbase.org) was also searched as it includes coral reef 

conference proceedings. Papers cited by the identified references were also scrutinized to 

identify grey literature reports that are more difficult to find. Often, the Principal Investigator 

of the MCRMP project was involved in studies using the products, especially in the initial 

years, but many studies were also conducted from downloaded data and without any 
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exchanges with the MCRMP team. Therefore, no filtering on authors was applied.  

A major bias when trying to perform an exhaustive review of the use of MCRMP products 

quickly appeared when analyzing each reference. Namely, many papers referred to MCRMP 

while they actually used the UNEP-WCMC product, resulting in commission errors. 

Furthermore, it seems clear that the differences between the products was not always properly 

perceived by the users (see Discussion).  

Considering this bias, we decided to switch our review strategy and instead of trying to be 

exhaustive by listing all MCRMP-based performed studies, we aimed to identify and list at 

least one study to represent as many topics as possible (e.g. conservation, fishery, remote 

sensing, climate forcing, etc.). In other words, from these studies that did not make any 

confusions between products, topical representativeness was sought for, and not overall 

exhaustivity. If several themes were treated in one paper, topics were ordered hierarchically 

with the main theme put first. From each paper, we also noted: the study objectives, country, 

region, area, and level of description of MCRMP products (its thematic resolution). We also 

flagged studies when MCRMP data may have been inappropriate for the intended 

application, considering their hypotheses, scales, and type of analyses. References used for 

this study are listed in Table 1.  

Another bias, less critical but frequent, is when authors used MCRMP data but do not cite 

any source, resulting in omission errors. This happens frequently, notably at the most basic 

level of use, for instance when the authors provide a location map to describe their sampling 

sites. In this case, it is obviously difficult to search and identify such studies, but we came 

across many examples, mostly randomly, when consulting articles of interests in other 

contexts than the present review.  

Results and Discussion 

A total of 62 studies were eventually selected and scrutinized for this report. These studies 

could be categorized as follows: 

- 1) Coral reef visualization and inventories, 

- 2) Conservation planning,  

- 3) Enhancing the monitoring, spatial representation and description of coral reef 

biodiversity and ecological processes, 

- 4) Fishery resource assessment, 

- 5) Incidental benefits for the description and mapping of other ecosystems and the study 

of non-coral reef species, 

- 6) Evolution and coral reef connectivity modelling, 
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- 7) Coral reef and climate change modelling, 

- 8) Geological processes 

- 9) Carbonate budget 

- 10) Socio-economic applications 

Four topics were more represented than others, namely ‘visualization and inventories, 

‘conservation planning’, ‘fishery resources’ and ‘connectivity modelling’. Because several 

papers could be related to several of the topics above, we organize hereafter the discussion 

according to seven synthetic topics, namely, MCRMP for: 1) coral reef visualization and 

inventories, 2) conservation planning, 3) enhancing the spatial description of coral reef 

biodiversity and ecological processes, 4) fishery resource assessment, 5) Incidental benefits 

for the description of other ecosystems and the study of non-coral reef species, 6) Evolution 

and connectivity modelling, 7) Modelling of future reefs in a climate change era, and a last 8) 

all other studies. 

MCRMP for coral reef visualization and inventories 

The initial intended application of MCRMP was to provide accurate statistics of coral reef 

areas at national scales in a consistent fashion, in order to allow trans-boundary analysis and 

comparisons, and coherent planning. All GIS software can be used to extract statistics at any 

level of description (L2 to L5) as a user may wish for his needs.  

The value of MCRMP quickly emerged when comparing with previously available statistics 

that may have suffered from inconsistent description (e.g. sometimes including lagoons, 

sedimentary areas, or just shallow hard bottom areas, see Spalding et al. (2001)). Range of 

discrepancies reached easily a factor 2, but sometimes much more (Andréfouët et al. 2006, 

Wabnitz et al. 2010). Errors in MCRMP have also been reported. For instance Cohen et al. 

(2013) reported 2 missing coastal reefs for the Solomon Island product, although it is not 

clear which were the missing reefs and the reasons (cloud cover, small size, etc). 

Several countries and archipelagoes have been the object, on request or with additional 

funding, of e-Atlas (electronic atlases, often not available on papers to limit costs), provided 

as pdf files, with detailed pre-computed statistics per island at the Level 5 of classification, 

for instance for Papua New Guinea, the French overseas territories, for the Central and 

Western Indian Ocean (Andréfouët et al. 2008a, Andréfouët et al. 2008b, 2009), and for all 

Pacific countries but Fiji which was not available before 2008. Book chapters, monographies, 

and papers have also provided detailed statistics, for instance for New Caledonia (Andréfouët 

et al; 2009), UK reefs (Hamylton and Andréfouët 2013), or Cuba (Andréfouët and Bionaz, 

submitted). Such atlases and publications will likely be continued on an opportunistic basis.  
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The most basic utilization of MCRMP products is the display of coral reef locations in a 

realistic way, for instance to overlay the location of coral reefs over sampling stations or 

some statistics. While the products are often referenced, in many instances, it is not the case. 

See for instance Riegl et al. (2012) for Chagos, Miller et al. (2018) for the Lau Group in Fiji, 

Boussarie et al. (2018) for New Caledonia, or the Pacific Ocean report of the Global Coral 

Reef Monitoring Network (Moritz et al. 2018). However, even when MCRMP is not cited, it 

is possible to identify the source by recognizing specific polygons and the overall level of 

details.  

The simple visualization of coral reefs in a realistic way also motivated most of Pacific Island 

countries to request the products for their environmental or fishery management offices. 

While it is difficult, in an academic review context, to track through publications how the 

products have been used in a governmental office, we note that the products are present on 

national geographic data web portal when they exist, and contribute to national statistics. For 

instance, see the New Caledonia portal http://georep.nc or the French Polynesia portal 

https://www.tefenua.gov.pf/. The compilation of spatial layers for Tonga (Smalhorn-West et 

al. 2020) expresses in a scientific paper the principles of these multi data sets portals that 

generally compile both land and marine data sets for all stakeholders (government, scientists, 

private sectors and general public). 

Several papers have also now compared MCRMP products with higher spatial resolution 

products in various places. This includes for instance the north atolls of New Caledonia 

(Lyons et al. 2020), and Admirantes in Seychelles (Hamylton et al. 2012), plus several 

comparisons when mapping at high spatial and thematic resolution various areas (in Mayotte, 

Papua New Guinea, French Polynesia, etc.; see Figure 2 afterwards). The general trends are 

agreement, but precise comparisons can be meaningful only at geomorphological level and 

are dependent of the classification scheme and the sites. These papers, and others (Dalleau et 

al. 2010), clearly shows that many maps can exist for a given site, all providing different 

information potentially useful in different contexts. However, and more importantly, we find 

inadequate use of MCRMP when comparing inventories through time when using different 

type of maps. For instance, McClenachan et al. (2017) used MCRMP maps with other map 

products for the Florida Keys to estimate the loss of coral reef areas. Unfortunately, in this 

context, the MCRMP product is not adequate. MCRMP is not conceived to conduct any 

change detection analysis and no such work should be performed (Andréfouët et al. 2006).  

Coral reef extent has most of the time been estimated globally using some of type of charts 

(Smith 1978, Spalding et al. 2001, Vecsei 2004), models (Kleypas 1997) and then recently 
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remote sensing (Andréfouët et al. 2006) or a combination of multiple sources (UNEP-WCMC 

product). Recently, (Li et al. 2020) used several MCRMP Level 4 products (version available 

before 2008) to train a classifier to identify reefs on a global true color Planet Dove mosaic. 

The Level 4 classes were reinterpreted by Li et al. (2000) into multiple reef classes 

considering the different resolution provided respectively by Planet Dive imagery (~4.5m) 

and the MCRMP discernible unit of about 1 ha. Although they conclude that their model 

performances were affected by inaccuracies in the extent or category of reef in the MCRMP 

training data, strangely, the accuracy of the product, or the tuning of the probability 

thresholds, were quantitatively tested against lower quality products than MCRMP, namely 

Spalding et al. (2001) (which often have a factor 2, in excess or in deficit compared to 

MCRMP surface areas) and UNEP-WCMC (which include non-validated MCRMP pre-

products). Some of their choices (considering passes or deep lagoon as ‘water’) can also be 

argued. They also considered several types of MCRMP lagoons as reefs, but many MCRMP 

lagoons are also missing from their projections. Hence, the Li et al. (2020) new map of coral 

reef, based on probability compared to other products brings in itself many questions and 

inaccuracies, and cannot be considered a better product than actual map derived from remote 

sensing observations. Same conclusions could be done for the previous models of coral reef 

distribution, which were too coarse to be able to resolve many fine features (Kleypas 1997). 

MCRMP for conservation planning 

MCRMP products are often used in Systematic Conservation Planning (SCP) (Margules and 

Pressey 2000; Kukkala and Moilanen 2013) to inform the design of marine protected areas 

(MPAs). SCP require biological, habitat and socio-economic spatial data, as well as specific 

optimization schemes that are implemented in toolboxes such as the MARXAN software. 

SCP often define conservation objectives using biological (e.g. species) and physical (e.g. 

habitat types) features that need to be met while minimizing some socio-economic costs. In 

order to foster the protection of marine ecosystems, international conventions and agreements 

have emerged, with requirements for the signatory countries to increase the size of their 

protected coastal and marine areas. For instance the Coral Triangle Initiative recommended 

that at least 20% of each coral reef-associated habitat should be included in no-take areas 

(CTI-CFF 2013, White et al. 2014). As such, MCRMP was frequently used to set coral reef 

habitats conservation objectives and to calculate the percentage area of different habitats that 

is under protection.  

SCP studies that have considered MCRMP products were purely academic or driven by 

governmental and NGO initiatives, based on the list of authors affiliations. Among the 
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applications related to SCP, we can distinguish i) conservation gap analyses, ii) sensitivity 

analyses of conservation solutions to habitat maps and definition, and iii) SCP scenarios to 

investigate solutions based on habitat representation objectives and various environmental 

and socio-economic data sets. 

Conservation gap analyses aim to identify areas where there is insufficient protection efforts 

considering the co-occurrence of a high level of remarkable features and threats. MCRMP 

data have been used to identify these remarkable features and gaps. Mora et al. (2006) 

pioneered this application globally using coral reef maps. Nationally or locally, numerous 

examples followed. For instance, in Fiji, Weeks and Jupiter (2013) used MCRMP to identify 

reef classes for which data were lacking and where collection was needed. Andréfouët and 

Hamel (2014) also used MCRMP and a metadata inventory to guide a gap analysis in 

Solomon Islands. They showed in particular that several areas of very high habitat richness, 

and thus with potentially high conservation value, were data-deficient compared to other, less 

habitat-rich, areas. These habitat-rich areas could be prioritized in the future for data 

collection.  

Globally, the Convention for Biological Diversity (CBD, 2010) stated as part of the so-called 

CBD Aichi Biodiversity Target 11 that at least 10% of marine and coastal areas globally 

should be protected by 2020 using protected area systems and other conservation policies. 

CBD emphasized coral reef ecosystems as part of Target 11. A clear definition of ‘coral reef 

habitat’ is, however, still lacking when assessing these targets. Recently, Gairin and 

Andréfouët (2020) highlighted with New Caledonia MCRMP data the importance of having a 

clear definition of coral reef habitats to assess ABT11, by showing how the scores of 

protection are greatly affected depending on which level of habitat description is used.  

Hierarchical coral reef map products like MCRMP represent a real advantage in 

conservation. Several studies checked the effect of different factors on conservation plans, 

including the habitat map thematic resolution (i.e., practically, the level of mapping in 

MCRMP data). Cheok et al. (2016) for instance studied in Fiji this influence with also two 

other key factors (planning-unit size, and socio-economic cost). They observed that thematic 

resolution impacted prioritization the least; the only directly observed effect was that the 

reserve surface area increased with the thematic resolution. However, prioritization was 

strongly sensitive to increases in resolution (except at level 4) when socioeconomic costs 

were spatially variable. Another example is for Wallis, Futuna and Alofi. Hamel et al. (2013) 

showed for these islands that conservation objectives (set at 20% of the area of each habitat) 

could not be achieved for numerous habitat types without including traditional fishing areas, 
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hence without loss of fishing grounds for fishers. The level of this opportunity cost was 

however dependent on the thematic resolution.  

Finally, besides the examples above, MCRMP data have been used in many SCP studies in 

the search of conservation solutions, as one of the many habitats, environmental and socio-

economic data sets. We can cite here for instance studies in Papua New Guinea, Solomon, 

Maldives, Madagascar, New Caledonia or Fiji (Green et al. 2008; Lipsett-Moore et al. 2010, 

Hamel and Andréfouët 2012, Allnutt et al. 2012, Deas et al. 2013, Tulloch et al. 2016, Cheok 

et al. 2018). 

MCRMP to enhance the spatial description of coral reef biodiversity and ecological 

processes 

MCRMP products can be useful to identify high priority conservation areas by the number of 

habitats present, but also when combined with biological data or environmental data. For 

instance, Hamel and Andréfouët (2012) and Lipsett-Moore et al. (2010) used MCRMP 

products with fish data in the Maldives and the Solomon Islands to identify areas of high 

biodiversity, and thus protected areas candidates. In New Caledonia, Andréfouët and Wantiez 

(2010) showed that different benthic structures and fish assemblages were linked to various 

reef geomorphological classes, justifying the use of MCRMP data to stratify the monitoring 

of the Lagoons of New Caledonia UNESCO World Heritage Area. Green et al. (2008) also 

analyzed the distribution of biodiversity features with MCRMP products in Kimbe Bay, 

Papua New Guinea. By combining with MCRMP coral reef fish, seagrass, and estuarine 

communities data, along with other biological and environmental data, they were able to 

identify areas to achieve a protection of 20% for each of the above features. Ferretti et al. 

(2018) used MCRMP to estimate populations of two species of sharks by multiplying coral 

reef area by reef shark density data. They did not consider the different classes or their levels 

of description, but it is possible that using a higher level of geomorphological description and 

specific classes could have provided more precise estimates for each species, if shark data, 

possibly from different places, could point to specific habitat uses. 

Finally, Millennium products were also used to study specific coral habitats. For instance in 

Belize, Chollett and Mumby (2012) used wave exposure, locations of landmasses, and reef 

crests provided by MCRMP to identify areas susceptible to be dominated by Orbicella coral. 

In the East Caribbean, Williams et al. (2017) also localized Orbicella-dominated reefs using 

the level 5 ‘forereef’ class to study the relationships between Orbicella reefs state and benthic 

and herbivorous communities. In Maldives, for Baa atoll, a UNESCO Man and the Biosphere 

reserve, Andréfouët et al. (2012) generalized extensive field data with MCRMP habitats to 
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infer the spatial distribution of coral cover and dominant growth forms, before injecting this 

data set in conservation plans (Hamel and Andréfouët 2012). Andréfouët and Guzman (2005) 

measured the link between benthic (coral and sponges) and habitat diversity using a MCRMP 

prototype product. Using MCRMP as a surrogate of benthic or pelagic richness and diversity 

has received less attention than expected after this initial paper, but again, limitations and 

sampling bias on field data could be a reason (Van Wynsberge et al. 2012). 

MCRMP for fishery resource assessment  

In a coral reef fishery context, when coupled with species abundance data (for fishes or 

invertebrates), coral reef habitat maps can be used to better constraint sampling designs and 

scale-up biomass at the scale of islands or archipelagos, before assessing the sustainability of 

exploited populations (Hamel and Andréfouët 2010). The implicit assumption is that the 

mapped habitat(s) represent well the habitat(s) of the targeted species. The outcomes can be 

used to design MPA networks that have fishery-oriented objectives and constraints. However, 

resource assessment is also the domain where we found most examples of data misuses.  

At Pacific Ocean scale; Bell et al. (2009) broadly scaled-up fish biomass using MCRMP reef 

and lagoon areas for Pacific Ocean countries, to rank them based on forecasts of the fish 

required in 2030 to meet recommended per capita fish consumption, or to maintain current 

consumption as estimated from household surveys. The model allowed to point out to 

countries where coral reef fishery would not meet food security objectives, which were 16 

out of 22 countries. No scaling was performed for a specific (group of) species, and the fish 

biomass and yearly yield of 3 tonnes per km
2
 of reef was generic, based on Newton et al. 

(2007). There was much room to enhance this scaling regionally and locally through better 

modelling, with locally estimated fish biomass and revised yields (McClanahan and Azali 

2020), fishery and household socio-economic surveys, distances to markets, and local 

management practices. An example of such refined analysis, still based on MCRMP data, can 

be found in Dacks et al. (2018) for a series of villages in Fiji.  

Sampling strategy in a coral reef fishery context were helped by MCRMP products in several 

instances. For instance, the ProcFish project sampled 17 countries in the Pacific Ocean 

between 2002 and 2009 (Pinca et al. 2009, 2012). Four sites were selected and investigated 

for each country, and for most of the sites the commercial finfish (91 commercial genera and 

392 species) reef sampling stations were selected using MCRMP data (e.g. for Kiribati, see 

Awira et al. 2008). Surface areas of different reef types were also used for the analyses of 

multiple fish guilds (Pinca et al. 2012). Several interesting examples of species-level 

modelling can also be pointed out. For instance, still in the Solomon Islands, Pearse et al. 
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(2018) evaluated vulnerability to fishing pressure of two large, iconic, but declining coral reef 

fish species, the ‘Napoleon’ humphead wrasse (Cheilinus undulatus) and the bumphead 

parrotfish (B. muricatum). Responses to fishing pressure differed between the two species. 

Using MCRMP to define coral reef habitat types but also design their sampling strategy, 

Pearse et al. (2018) were able to determine the present habitat preference of these two 

species, their abundances and distributions.  

Other interesting studies focused on existing management approaches for fishery resources, 

like locally managed marine areas (LMMA) (Govan et al. 2009). LMMA are generally small 

coastal areas managed by local villagers and communities. These often use purely local rules, 

cultural habits, and customs. Cohen et al. (2013) and Jupiter et al. (2017), for example, 

focused on periodically harvested closures (PHC) in LMMAs. By using land-based records of 

fish catches and MCRMP to calculate fishing ground areas, Cohen et al. (2013) estimated 

daily fishing efforts of PHCs after their opening, which was compared with reef areas 

adjacent to PHC zones and open for harvesting all year-round. Their results suggest that 

when PHCs open up, there is an increase of overall fish catches. Jupiter et al. (2017) assessed 

management tool efficiency by estimating protection of resource units (using targeted fish 

species biomass) and biodiversity conservation (using fish diversity). The level 3 

geomorphological classes were used to characterize the environment of the LMMAs. Unlike 

Cohen et al. (2013), these authors found that PHCs presented few benefits for biodiversity 

conservation with only one (out of 8 PHCs studied) containing a higher reef fish diversity, 

which could be explained by the specific reef slope geomorphology rather than by 

conservation effects.  

Several problems also emerged when using MCRMP data in a fishery context. Problems are 

generally related to a lack of precaution (or data) when pairing (or not) geomorphological 

classes and species. Using the ProcFish underwater visual census (UVC) data combined with 

several other datasets, Harborne et al. (2018) established in Micronesia (Marshall Island, 

Palau, Federate States of Micronesia, Guam and Commonwealth of the Northern Marianas) a 

model to estimate fish biomass and fishery impacts to inform and help coral reef management 

decisions. A total of 19 fish species where included. They merged these species data with 

Level 4 MCRMP classes to delineate habitat types and to estimate fishing grounds. Although 

the exercise can be done, its value for management and accurate stock estimate is entirely 

dependent on the fish sampling scheme and the biomass scaling to habitats level, which in 

this case missed several important and extensive classes (such as lagoons), hence omitting 

potentially important habitats. Conversely, habitat commission errors can be shown. For 
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instance, still in Micronesia, Weeks et al. (2016) reviewed MPAs of Pohnpei Island and 

proposed a new MPAs network using MCRMP products. Based on recommendations by 

Green et al. (2008), they decided that MPA size should be twice the home range of the 

species requiring protection. However, all ‘shallow geomorphic reef classes’ were considered 

as potential habitats for the focal species. In this case, further research, and local data 

collection, should be necessary before making this assumption. In the Solomon Islands, 

Hamilton et al. (2017) used MCRMP products to assess the influence of reef habitat types on 

adult abundance of bumphead parrotfish (Bolbometopon muricatum) and to identify the reef 

habitats of juveniles, which were solely found on sheltered lagoonal fringing reefs. Where 

juveniles’ habitats were identified, they estimated the local logging impacts on the habitats by 

measuring water clarity. However, what was done for the survey sampling strategy is unclear 

and it is difficult to judge if MCRMP classes (one or several) were correctly used to represent 

juveniles’ habitats. Sometimes, only one MCRMP class could be linked to a species habitat 

with confidence, prior to infer stocks and management recommendations (e.g., for the green 

snail, Andréfouët et al. 2014). This may probably occur frequently, and extensive surveys 

were needed to establish even such a simple relationship (Andréfouët et al. 2014). 

Incidental benefits of MCRMP products for the description of other ecosystems and the 

study of non-coral reef species 

A noteworthy application is the use of Millennium geomorphological classes to enhance the 

mapping of other, non-coral, habitats and ecosystems. For instance, Wabnitz et al. (2008) 

used the MCRMP classes to prioritize location of specific seagrass mapping in the Caribbean. 

In the Pacific Ocean, coral reef maps were also used to better identify seamounts, which are 

important reservoirs of resources and biodiversity. Seamounts locations still remain 

imperfectly known because their presence is estimated using satellite altimetry. However, 

numerous ‘false positive’ (i.e., detected seamounts which are actually sub-surface features) 

occur with this method. In Allain et al. (2008), Pacific Ocean databases on seamounts and 

bathymetry data were cross-checked with MCRMP products to identify false seamounts that 

were in fact shallow coral reefs, mostly low-lying atolls. The process eventually enhanced 

global seamount databases.  

Investigating the interaction and relationship between physical features and between different 

ecosystems is also a developing research question in oceanic fishery since the results can 

explain oceanic resource distribution and other metrics. Allain et al. (2012) studied in the 

Pacific Ocean the relationship between oceanic and coastal ecosystems by analyzing stomach 

contents of tuna and their distance to reefs using MCRMP, and distance to land using the 
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National Geospatial Intelligence World Vector Shoreline. From their model, they found that 

consumption of reef preys was more affected by proximity to land than proximity to reefs. 

Letessier et al. (2016), in Chagos, highlighted the ecological interaction between the 

mesopelagic realm (defined by a depth between 200 to 1000 m) and nearby atolls with 

acoustic fish data, MCRMP, and seamounts location data, to estimate the distance between 

each sampling unit and its closest topography structure. In doing so, they showed that Chagos 

represented mid-water biomass hotspots in tropical Indian Ocean.  

Coral reef maps were also helpful to model marine mammal distribution and movements 

around islands. For instance, in New Caledonia, Derville et al. (2018a, 2018b) studied 

humpback whale (Megaptera novaeangliae) social groups distribution and behaviors. In 

these two studies, using MCRMP, whale biopsies and GPS data from scientific field surveys 

and from crowd-sourced data, they calculated the distance between humpback whale groups 

and the closest reef or land, and relate social behaviors with the environment of different 

breeding grounds.  

In the oceanic applications above, we note that no use was made of specific levels of 

mapping and only the information on reef (attribute REEF=1) was considered.  

MCRMP to model connectivity 

Understanding genetic and demographic connectivity between marine organism populations 

through the distribution of habitat patches is the object of numerous empirical and modeling 

studies. Marine organisms can migrate across a certain distance at various life-stages (e.g. 

through larval dispersal, and as adults through their home range size) and depending on 

spatial and temporal scales, these studies can be oriented to processes related to population 

dynamics, evolution and speciation, and conservation (Cowen et al. 2006, Carr et al. 2017). 

Understanding connectivity help define the range of reef extent needed for conservation, their 

locations as well as the ranges of distances between individual conservation zones in order to 

maintain exchanges between populations (Sale et al. 2005). Related to this topic, seascape 

genetics aims to link connectivity with environmental factors affecting dispersal (Selkoe et al. 

2009). 

Environmental features (e.g. coral reef configuration, distance between habitat patches, 

current velocity, larval dispersal duration, etc.) can act as a barrier to genetic and 

demographic flows resulting in variations at regional scale. For instance, the concept of 

isolation by distance (IBD) is often used to link genetic structure with distance between 

habitat patches (Wright 1946). Van Wynsberge et al. (2017) using an IBD model tried to 

explain the genetic structure of giant clams in the Western Pacific Ocean and Coral Sea, 
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between Vanuatu and New Caledonia. They used MCRMP products from Level 3 to Level 1. 

By comparing their results with genetic data, they showed that habitat configuration can 

enhance population connectivity modelling and comprehension. Kool et al. (2010) also used 

MCRMP Level 4 products, combined with other map products, to identify different coral 

habitat patches (e.g. patch reef, forereef, terraces and others) in the Caribbean Sea. They 

combined the resulting maps with current velocity data and created a dispersal model to 

explain the genetic break observed between the Eastern and Western Caribbean for coral 

species. Their model showed the formation of regional clusters with individuals who tend to 

settle near the source population. The Kool et al. (2010) model was later tested by Foster et 

al. (2012) with genetic data, and a multi-coral species extension was implemented by 

Holstein et al. (2014) this time using MCRMP and WRI data.  

At post-settlement stage, for juvenile and adult movements, Weeks (2017) used MCRMP 

maps and a mangrove layer to calculate distance between nursery and adult habitats of the 

bumphead parrotfish (B. muricatum) in Yap Island, Micronesia. From this, a seascape 

connectivity metric and cost function was derived to identify conservation areas to prioritize. 

This study is an example of the growing number of applications that consider SCP scenario 

for fishery targets and with connectivity constraints, and is an example of multi-topics study 

(Table 1). 

Theoretical studies have focused on openness and self-persistence of populations under 

spatial constraints through habitat distribution. Using MCRMP data to calculate realistic 

spacing between habitat patches, Pinsky et al. (2012) identified open and closed populations 

using larvae dispersal models and spacing between habitat patches in Bahamas and Papua 

New Guinea. Afterwards, they created a generic model to link habitat patchiness and 

dispersal ability with population openness. Their results quantified how population self-

persistence depends on the relationship between patch size and dispersal while population 

openness depends on the spacing between habitat patches and dispersal.  

MCRMP and the modeling of future reefs in a climate change era 

As climate change is accelerating and its impacts are increasing, simulations and models are 

developed to forecast the effects of global warming on coral reefs with the intention to 

propose solutions to mitigate the impacts (IPCC 2014). Thus far, to predict the impact of 

climate change on coral reefs, models in their most simple form combine maps of thermal 

stress, at present time or under various IPCC climate scenarios (e.g., RCP 4.5 and RCP 8.5 

for intermediate and pessimistic scenarios, respectively), overlaid with coral reef locations 

map to infer where the most exposed (to coral bleaching) and safest coral reefs would be 
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(Van Hooidonk et al. 2013), and what the extent of coral reefs could be in future time 

(Freeman et al. 2013). In several cases, MCRMP is referenced, but it is actually the global 

UNEP-WCMC product, also referenced, which was primarily used (e.g., Van Hooidonk et al. 

2013, 2014). Only a single reef layer without geomorphological details was used.  

In more sophisticated models, the dynamics of local biological communities are exposed to 

climate change-related threats. Several scenarios have also integrated in the equation other 

stressors such as acidification (Van Hooidonk et al. 2014) but also data on socio-economy, 

fishery, land-use, pollution and hurricanes, for instance in Meso-America with the CORSET 

simulation tool, Melbourne-Thomas et al. 2011). In the Bahamas, Silver et al. (2019) used 

MCRMP data to assess with the InVEST Coastal Vulnerability model the spatial variations in 

coastal protection potential to sea level rise, storm surges, flooding and erosion. This study 

stands out in this review because it uses mangroves, coral reefs and seagrass layers. However, 

even if the MCRMP was used to represent coral reef locations (e.g., for Meso-America in 

Melbourne-Thomas et al. 2011, or Bahamas in Silver et al. 2019) only the simplest reef layer 

was used, without geomorphological details (REEF=1). Furthermore, the combination of 

various sources of coral reef location data to complement MCRMP or the WRI product is 

common in numerous Caribbean-scale (e.g., Holstein et al. 2014) or sub-region-scale papers 

(e;g., Chollet et al. 2017).  

In Africa, MCRMP was used in multi-criteria contexts for climate change vulnerability study, 

using spatial planning tools as in the Conservation section presented above. These studies 

also took advantage of using several geomorphological classes. Maina et al. (2015) identified 

conservation areas in Kenya according to different fishing and habitat-based scenarios and 

ensuring that these areas are climate resilient by considering their exposure to climate-

induced stresses. They used the Marxan prioritization tool based on a criteria of habitat 

representation which was MCRMP-compatible (i.e. mapped at high resolution but with 

MCRMP Level 3 geomorphological attributes). The solutions were most sensitive to whether 

the emphasis was put on protecting the least or the most climate exposed areas. In 

Madagascar, Allnutt et al. (2012) identified areas for conservation with Marxan and Zonation 

spatial prioritization tools using three parameters: thermal stress exposure, fishing pressure, 

and finally biodiversity in which 16 coral reef geomorphological classes were included.  

Throughout the world, the estimation of the carbon and carbonate budget of a coral reef 

environment provides insights on the health and growth of the communities, the local 

sedimentology and accretion, and overall the role of the reef in the carbon cycle, which is a 

key information in a global change context to quantify carbon sinks and sources (Perry et al. 
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2008, Lange et al. 2020). A budget serves also to estimate the capacity of a reef to maintain 

its ecological services, such as coastal protection. A metabolic budget compares carbonate 

production from corals, coralline algae, and a variety of calcifying organisms (mollusks) with 

mechanical, chemical and biological erosion. The census-based method recently applied on 

several coral reefs aggregates the performances of individual building or eroding components 

at a fine local scale (Lange et al. 2020). Due to the relative stability of metabolic 

performances for several typical communities, reef and archipelago-scale budgets have been 

estimated by using map of these communities and standard metabolic rates. In Florida, Moses 

et al. (2008) used this approach with MCRMP, other benthic mapping products, and local 

metabolic measurements to estimate the overall contribution of the Florida Keys in term of 

gross production, net production and calcification. Simple models also suggest sensitivity of 

these values to ocean acidification, with increased local dissolution of carbonate sediments.  

MCRMP for other topical studies 

Less represented in the literature are several examples of MCRMP-based  study that we 

report here. They cover applications in physical oceanography modeling, geological 

processes, and socio-economy. 

The MRCMP layers were used to infer realistic shallow water bathymetry for previously 

uncharted areas and allows the enhancement of hydrodynamic numerical model in coral reef 

environments. Lindo-Atichati et al. (2016) used this process in Meso-America to better 

resolve currents and surface transports around reefs. Similar process is currently implemented 

in New Caledonia (J. Lefevre, pers. comm.). 

Still in New Caledonia, Andréfouët et al. (2009) used MCRMP, bathymetric multibeam data 

and coring data to review the complex suite of geological processes that have shaped the 

coral reef formations of this archipelago. In fact, while such synthesis work was not 

published for other regions, similar comparisons made at the time of the genesis and early 

years of the MCRMP project were instrumental to design the MCRMP typology. In particular 

geological and sedimentological map from the Great Barrier Reef in Australia, French 

Polynesia, Panama, Belize, Maldives and Indonesia were critical (see references in 

Andréfouët et al; 2006).  

Finally, In Kiribati, where MCRMP was used to calculate reef areas associated to each 

individual island, Reddy et al. (2014) reported conflicts between conservation and activities. 

Their results highlighted an increase of fishing labor, and of its impacts on reefs, in response 

to rising copra price. This example shows how coral reef surface areas can be used in 

economic models, beyond just purely fishery aspects as discussed above. Economic valuation 
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of coral reef services, at reef, island and archipelagic scales have received lots of attention in 

the past 20 years, (e.g., Albert et al. 2015 for the Solomon Islands, Pascal et al. 2015 for 

Vanuatu). However, while scaling fishery yield, as a biomass, has been done in many cases 

as described in the Fishery section above (e.g., Bell et al. 2009), we surprisingly did not 

identify studies in the literature that could have benefited from MCRMP to scale-up local 

(village scale) areal-based estimates of services for their monetary economic value.  

Synthesis following a SWOT framework and lessons for future project 

The review performed here could not exhaustively list all the studies that have used MCRMP 

data, since they are often uncited. Nevertheless, from the review performed here, it is possible 

to highlight a range of applications, and the strengths, weaknesses, opportunities and threats 

(SWOT) of the MCRMP project and its products (Table 2). We believe it is also possible to 

suggest useful recommendation if similar high resolution remote sensing projects are 

launched in the future, for tropical or temperate systems that would investigate globally 

seagrass, mangroves, microbial mats, sedimentary areas or any shallow habitats and 

ecosystems of interest. We also believe it could apply to terrestrial, freshwater, and even 

urban mapping projects. 

The major strength of the product was its hierarchical structure and a design that considered a 

global consistent coverage. Even if it has not been fully completed globally, the design 

(before any mapping) and classification scheme was global. This allowed a vast set of 

scientific studies, on various topics and at a variety of spatial and jurisdiction (regional, 

national, international) scales. Many types of applications that have eventually emerged were 

unseen at the time of the project creation. The creativity and needs of scientists took good 

advantage of the products. One of the first lessons is that a complex, thematically rich, 

hierarchical product is key. Although the number of references that have used the L5 level is 

low, the product offered flexibility and the Level 3 and 4 were popular (Table 1). However 

the number of studies that considered only a ‘reef’ information, without details also show that 

a simple product is critical. Therefore, we recommend that a simple product is provided first 

with high priority, before a more complex one is created. A staged strategy could have 

avoided gaps in the present global MCRMP coverage, the need to merge different products, 

and the frequent confusion with the UNEP-WCMC product, whom popularity also shows the 

interest in using a simple product. However, it should be emphasized that a binary REEF-NO 

REEF product is a gross oversimplification of the reality. It inherently suggests that except in 

their latitude, longitude, all reefs are similar (in structures, benthic composition, health, and 

so forth. Only the environment (e.g., distance to land, climate, etc.) of the reefs, and their 
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history of disturbances if it is taken into account, can be explicitly different, but not the reef 

itself. This is obviously a very significant simplification, similar to considering that all 

tropical forests would be equivalent on terrestrial ecosystems.  

The use of a binary UNEP-WCMC product was probably seen by many users as a 

compromise to achieve a global coverage for a given study. One may think that if a global 

MCRMP thematically rich product was globally available, it would be used. However, it is 

not so clear. The possibility to be more specific, and to use one or several of the 

geomorphological levels for a particular topic, is inherently limited by available knowledge, 

and by previous field sampling effort. Even for the relatively average complexity product 

shown Figure 1 for Huahine Island, very few field programs can afford to collect data for 17  

Level 5 geomorphological units. Therefore, it seems that the use of the full thematic 

resolution was condemned to be limited, from the start, by insufficient ancillary knowledge 

and data that can be matchd with all MCRMP classes. The use of all the MCRMP thematic 

richness is possible when it is used standalone, without direct connection or merging with 

ancillary data. These standalone applications explain the a priori choice of aiming for the 

highest possible thematic richness at the time of the project genesis. This allowed, for 

instance, the setting of habitat representation conservation objectives in systematic planning 

scenarios, which was a popular application.  

Although is it not apparent immediately from the reviewed papers, there was little criticism 

on the accuracy of the products (but see Cohen et al. 2013, and Li et al. 2020 that we discuss 

above). Several reasons can explain this. The first one is that users most likely do not really 

question a from-the-shelf product. In the past years, the number of users who directly asked 

clarifications on the interpretation of sometimes very complex products (like Fiji, Papua New 

Guinea or New Caledonia) was surprisingly low. In fact, they were less than five in total. 

They were all questions from scientists and students, while the products have been directly 

distributed to tens of users from various backgrounds (scientists, NGOs, government offices, 

private sector) and probably reached directly or indirectly hundreds more. The second reason 

is that the level of mapping (geomorphological) considered for the project was selected 

specifically to limit errors, and without having to rely on costly ground-truthing data. True 

errors compared to the reality on the ground are related to clouds or turbid waters obstruction 

preventing the mapping and to the Landsat sensor specifications. The spatial resolution, 

georeferencing errors (which can reach 300 meters) and the inherent limitations in term of 

minimum discernible unit (MMU) which is around 1 hectare (100x100m) also characterize 

the products. Specific to the MCRMP product, the interpretation of geomorphological 
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structures for a given site can be multiple, and some choices made by the mappers may not be 

intuitive for a user. However, these are not true qualitative or quantitative errors. The strength 

of MCRMP, which can be a lesson for other projects, is therefore to have avoided levels of 

description that are easily prone to serious misclassification errors and, for cost-effectiveness, 

to not have relied on any ground-truth data, while still maintaining a high number of classes. 

Another example can be given: accurate seagrass mapping at Landsat spatial resolution 

without ground-truthing is impossible beyond mapping areas of dense to medium-dense 

seagrass beds (Wabnitz et al; 2008). No information on species presence/absence, biomass, or 

canopy height can be inferred. Yet, a simple consistent product at a simple level is useful at 

regional scale (Wabnitz et al. 2008). Specifically for coral reefs, no attempt was done in 

MCRMP to map any benthic features at community scales (e.g., coral cover). Furthermore, 

the selected levels of description (geomorphological) also warrant that the product will 

remain valid even for the next generation of scientists and managers. Indeed, geomorphology 

is impacted at very long temporal scales, unlike benthic features that may change very 

quickly from one year to the next, due to the fast dual action of natural growth and 

disturbances.  

The vast majority of applications used MCRMP to obtain a realistic, accurate measure of 

distance or surface areas for some key reef classes, or for the whole REEF=1 layer. Providing 

better areal metrics and maps was indeed the first purpose of the project. These metrics make 

extrapolations and models on a variety of thematic much more reliable (e;g., in a connectivity 

context, see Pinsky et al. 2017). However, it is also clear that despite its rich typology, 

MCRMP could not fill all the needs. This cannot be shown from the review, as we cannot 

review studies that have not been made, but a parallel is possible with other remote sensing 

studies that have used different products at higher resolutions, for instance in a fishery 

context (Hamel and Andréfouët 2010). The weaknesses of MCRMP in fact often, but not 

always, mirror its strengths, due for instance to the Landsat sensor specifications, as said 

above. The avenues for improvement clearly include the development of geomorphology 

products but at a better spatial discrimination limit of 1 hectare achieved from 30 meter 

resolution satellite image, hence on what would be a Level 6 (using 5-10 meter resolution 

data) or even further a Level 7 (using 1-5 meter data), and still without ground-truth data 

(Figure 2, Supplementary Material Tables S1 and S2). For instance, the spatial resolution of 

Landsat prevents, with a related MMU of 1 ha, the mapping of very patchy areas (Figure 2). 

The rendering of structurally complex areas, like spur and grooves, small patch reefs, 

reticulated reefs or narrow crests may be needed for various applications. A 
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geomorphological Level 6 and Level 7 will authorize this, while still maintaining the 

hierarchical structure of the classification scheme, and not entering the difficult (and 

impossible) mapping of benthic features consistently, accurately and globally. However, it 

must be clear that a jump of one to two levels should mean also one or two orders of 

magnitude in coral reef geomorphology expertise, human workforce, processing time, and 

costs (Figure 2).  

A possible weakness, but inherent to the initial objectives of the project and the mapping 

choices, is that MCRMP products are unsuitable for change detection studies that would use 

directly diachronic series of the sproducts. This would be no sense with the current MCRMP 

spatial and thematical resolutions. However, the product thematic richness allows to stratify 

where change detection, based on higher resolution images or field work could focus on, such 

as reef flats (Scopélitis et al. 2009, Scopélitis et al. 2011, Andréfouët et al. 2013, Ampou et 

al. 2018). To be able to perform change detection from the products themselves, it would be 

necessary to increase the spatial and thematic resolutions. Higher thematic resolution is often 

linked to an increase in spatial resolution and the size of the mapped objects of interest 

become smaller and more susceptible to change. This increased spatial and thematical 

resolution, which would be provided at new levels 6 or 7, would translate as objects of few 

tens of meter squares and few meters square respectively. Moving towards a Level 6 or Level 

7 geomorphological product could open some change detection application, like movement of 

shorelines (Duvat et al. 2017) or carbonate mega-boulders as they are found on some atoll 

reef flats (Bourrouilh-LeJan and Talandier 1985).. However, most of the interests, and 

challenges, in coral reef change detection occur at benthic level, to study short term to 

decadal disturbances and recovery processes (Scopélitis et al. 2009, Ampou et al. 2018) that 

can be driven by a plethora of processes. Changes that would be visible directly on MCRMP 

products can happen only at geologic time scales or after very high energy events, such as the 

2004 Sumatra earthquake after which submerged coral reef flat of the Mentawai archipelago 

have been uplifted and became part of land (Metltzner et al. 2006). 

In term of opportunities, the products can still benefit many projects and also benefit from 

others. For instance, a number of regional scale atlases and products have now been made at 

higher thematic and spatial resolution using 2-4 meter satellite images, but for regional areas 

(Bruckner et al. 2012 for part of the Saudi Arabia Red Sea coast). Other initiatives are also 

moving forward to try to compile a global product and process country by country (Allen 

Coral Atlas, Lyons et al. 2020). It would be valuable to set the context of more detailed work 

within the context described by MCRMP, for instance to be aware of the percentage (in 
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surface area, number of classes, etc.) that the detailed product represents compared to the 

areas covered by MCRMP. If specific, locally optimized, geomorphological typologies are 

developed (e.g., Rowlands et al. 2014), it is possible to make the correspondence, and also 

potentially mutually enrich the local typology and MCRMP’s.  

Several opportunities of new applications can also emerge. For instance, many places are 

more studied, critical, and in need of management and spatial plans than others, hence 

MCRMP statistics can be used to prioritize or not, more detailed mapping for the most 

critical areas, while less critical areas could be left at a level similar to MCRMP. This triage 

strategy could be based on approaches similar to Andréfouët and Hamel (2014), by looking at 

density of references and places that have used mapping products. Other possibilities include 

the development of multi-ecosystem products, for instance combining coral reef, seagrass and 

mangroves that are still missing in many places, especially South-East Asia (Torres-Pulliza et 

al. 2012). Several of the recommendations above should be followed for this ecosystem trio 

too, namely: staged mapping with a simple product first but moving towards more complex 

and thematically rich products but still easy to map accurately without ground-truthing to 

limit costs. 

Before discussing the threats related to MCRMP products, it is necessary to clarify if these 

are threats for map users or for map producers. We suggest both are related. Indeed, it 

appears to us that the confusion between products (as a first obvious problem) is a serious 

issue for both users and producers. This confusion was obvious in many papers that refer to 

one product (MCRMP) while using others, generally of lower thematic and resolution quality 

but with higher spatial coverage (UNEP-WCMC or WRI). Examples of mis-citations can be 

found in Schill et al. (2015), Brown et al. (2017), Cinner et al. (2018), Garavelli et al. (2018) 

among others. Schill et al. (2015) used current velocity data and WRI and to model coral 

connectivity in the Caribbean Sea, but they refer to MCRMP. This is also probably the case 

for Garavelli et al. (2018) who identified for a conservation-oriented project the self-

persistent populations of spiny lobsters in Caribbean using a population and larval dispersal 

data and other information about broad-scale connectivity. In a Fiji study to track the causes 

of poor water quality back to land use, Brown et al. (2017) mention the use of global coral 

reef map product, but cite a MCRMP reference (Andréfouët et al. 2006). The provided maps 

do not allow the identification of the product. Hence it is unclear which product has been 

used. All these studies, and many others, are rather unclear in terms of data sources. It seems 

that authors may confuse the sources and may actually also take a product for another. In 

some cases, the wording in the studies suggest that it is believed that UNEP-WCMC product 
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is just a redistribution of the MCRMP product, without information loss.  

Generally, what a product includes is quite clear, from the metadata (and references within) 

or from the web site portal that offer the products or from both. This informs the first user in 

a chain of distribution. However, second-hand distribution is uncontrollable regarding which 

information is transmitted. There are no commercial rights on these products and a licensing 

process, even free, if out of the question. To conclude here; it seems wise to try to avoid 

multiple data distribution schemes and especially confusion between products. 

Another threat, but clearly for the users this time, is an improper use of MCRMP products 

due to a scale mismatch between the application at stake, ancillary data and the MCRMP 

data. We found most misuses in the applications related to the spatialization of ecological 

processes and fishery assessments. In particular, a weak or unproven link between the 

mapped habitats and the species’ habitats can be a source of problems. As mentioned above, 

this is largely due to lack of biological data, and users may make omission or commission 

errors in the species-habitat applications because of these data gaps. Part of the solution 

might be in providing better documentation, training and product application guidelines to 

avoid misuses of products. But many applications were not planed beforehand, and for 

instance it was certainly not planned to document the suitability of each geomorphological 

layer to represent the habitat of a multitude of species of interest (e.g., bumphead parrotfish 

for instance) which could easily reach several hundreds of key species.  

The Table 2 provides a summary of this SWOT discussion. 

Conclusion and recommendations 

The Millennium Coral Reef Mapping Project aimed to map coral reef worldwide for science 

and management applications using consistently a unique hierarchical typology of 

geomorphological units. Considering that only 62 papers were reviewed here, we likely 

missed some rare or unpublished applications but it is apparent that MCRMP products were 

used prominently for coral reef inventories; conservation planning; enhancement of 

biodiversity and fishery resource mapping, monitoring and modeling; connectivity and 

climate change modeling; and various applications on oceanography modelling, geology and 

island socio-economy. The products were also useful to map other ecosystems. Users were 

academics, who are dominantly represented in a review of peer-reviewed literature, but also 

governmental and non-governmental organizations, and managers. The greater use of 

complex product (using Levels 3, 4 or 5) were achieved at archipelagic, regional and national 

scales. This scale is logical because it also often means that the targeted area often has 

political, environmental, socio-economic and cultural homogeneity. This relative 
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homogeneity naturally bounds the domains of analyses, in which ancillary data coverage may 

also be more homogeneous than at global scale, and funding coverage as well. The quality of 

Landsat images allowed by design a complex mapping and this review suggests that the high 

complexity of the product, which was intended to maximize flexibility of reef description for 

a variety of application, met its objectives and was successful. The integration of the 

MCRMP products into other global or regional lower resolution products (spatially and/or 

thematically) allowed more applications to be performed with increased spatial coverage, but 

it also confused users. Mis-referencing suggest that many users may not be really aware of 

what products they are using.  

Several lessons can be learnt from the MCRMP project. These can be useful for other 

projects that will look in greater details into coral reef mapping globally or regionally, and 

also for projects that will target uncharted coastal and shallow ecosystems, but also terrestrial, 

freshwater and urban ecosystems (similar to the global tidal flats mapping in Murray et al. 

2019). We highlight them through several bullet-points. Specifically: 

 Even imperfect, we recommend to keep conducting remote sensing based inventories for 

coastal and shallow water ecosystems, instead of relying on models for instance. 

Observations will be better than models, although models can help filling gaps. Mapping 

can be seen as infrastructure and development initiatives, and national research funding 

agencies should not neglect this aspect, even if a mapping project seems, wrongly, way 

too upstream ‘real science’ applications. Many scientific and useful management 

applications will be boosted by availability of good products, as shown here.  

 Second, it is necessary to create first a simple product with maximal spatial coverage, 

then elaborate on this to develop a hierarchy of classes and thematic refinements, 

possibly following a prioritization strategy based on scientific and management needs. 

The creation of a first simple but global product was probably what most critically 

missed the MCRMP project. Looking back, it is likely that too much efforts were spent 

on mapping in details areas from which no applications have emerged, or for which only 

a simple version of the product was used.  

 Third, from this review, it appears that users do not question the products most of the 

time, and sometimes use them beyond their inherent limits. Hence, the product has to be 

accurate. It is not expectable by map producers that map users be critical of the product 

and make corrections on their own. Therefore, it is critical to avoid products with errors, 

and thus avoid description levels that easily generate errors. While a threshold may be 
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difficult to establish, a 90% overall accuracy is probably the acceptable limit, especially 

if the products are used by managers and NGOs to implement real management 

decisions. Such a high threshold is also necessary when maps are combined with other 

data sets, especially biological, often with a higher level of uncertainty. Creating relevant 

applications is often a matter of linking with ancillary data sets, such as biodiversity 

inventories. Therefore, expecting very high accuracy from a map product is a matter of 

using a precautionary approach to further develop in confidence coupled spatial models 

and applications. 

 Fourth, re-distribution, re-analyzing, updating, maintaining and merging products from 

various sources created confusion. While the confusion is primarily explained here by 

users’s lack of precaution, the map producers and data distributors should also be careful 

and think about how to avoid these problems. A significant issue, not apparent directly 

from a literature review, but experienced by the authors of this review, is that many 

institutions wants to have and distribute their own products. This is to enhance their own 

visibility or to meet some commitments, for instance after submitting proposals and 

receiving funds. However, often, they would simply customize an existing product. This 

can be perfectly legitimate, and sometimes value can be added, but it creates confusion.  

To conclude, nearly 20 years after the Oceanography Program of NASA committed to 

enhance the representation, descriptionand inventories of coral reefs worldwide, it can be 

stated that the Millennium Coral Reef Mapping Project was a cost-effective project that 

helped developing reef science and management. MCRMP data are part of the toolboxes of 

many researchers and managers, and probably will continue to be in the future, in conjunction 

with other data sets. It also bring some lessons for future similar projects. 
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Figure 1: Map of Huahine (French Polynesia) showing MCRMP geomorphologic classes at 

Level 3 (left), 4 (middle), and 5 (right). Satellite imagery of Huahine is shown on the first 

map. Huahine is a 140km
2
 island, and is at the lower limit of the application domain of 

MCRMP, A typical application would be to compare several islands like Huahine within an 

archipelago. However, even for a single island like Huahine, it is possible to infer a stratified 

sampling scheme based on the map and compare surface areas of the different classes. 

Huahine is a (Level 1) oceanic (Level 2) island. Hence, all reef classes down the hierarchy 

also correspond to an ‘oceanic island’. At Level 5, the codes refer to the following classes 

(with names displayed as follows: Level 3 – Level 4): 67: island lagoon – deep lagoon; 72: 

barrier land – land on reef; 76: outer barrier reef complex – deep terrace; 81: outer barrier 

reef complex – forereef; 83: outer barrier reef complex – pass; 85: outer barrier reef complex 

– reef flat; 86: outer barrier reef complex – shallow terrace; 116: coastal barrier reef complex 

– channel; 118: coastal barrier reef complex – enclosed lagoon; 120: coastal barrier reef 
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complex – forereef; 125: coastal barrier reef complex – reef flat; 179: intra-lagoon patch-reef 

complex – reef flat; 222: ocean exposed fringing – forereef; 224: ocean exposed fringing – 

reef flat; 235: lagoon exposed fringing – channel; 240: lagoon exposed fringing – reef flat; 

243: bay exposed fringing – bay exposed fringing; 246: fringing of coastal barrier complex – 

reef flat; 1000: main land – main land.  

 

Figure 2: Top panel: For Mayotte Island in the Mozambique Chanel, Western Indian Ocean, 
comparison between MCRMP (version 2012) from Landsat images at 30m resolution (left) 
(Andréfouët et al. 2008) and geomorphological map based on very high resolution 2 meter 
remote sensing images (right). Bottom: enlarged views representing the same products (Left : 
MCRMP; center: high resolution product) while the right panel shows in magenta color the 
areas that have additional hierarchical description compared to MCRMP. The high-resolution 
product follows the same principles as MCRMP and does not require ground-truth data. It 
also uses the same hierarchical typology of MCRMP but expands it with additional classes 
that can be mapped only at high spatial resolution. The spatial details are also improved for 
all classes. Processing time is increased ~10 times between products. Note that on this map 
the deep lagoon and passes are not shown for the high resolution product. The north of the 
reef is also not shown since no image was purchased for this area. MCRMP data includes 32 
classes, versus 64 for the high resolution products (62+ deep lagoon+ passes). Classes are 
described in Tables S1 and S2.  
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Table 1: Summary table compiling 62 studies that have used MCRMP data for a variety of 
applications, sites and levels of description. The references are sorted by chronological order 
of their year of publication. MCRMP: Millennium Coral Reef Mapping Project; PICT= 
Pacific Island Countries and Territories. The correspondences between the topics in the table  
and the sections in the main text (cf. Discussion) are: Inventory/Visualization  =’MCRMP for 
coral reef visualization and inventories’; Conservation = ‘MCRMP for conservation 
planning’, ‘Ecology’ = MCRMP to enhance the spatial description of coral reef biodiversity 
and ecological processes, Fisheries = ‘MCRMP for fishery resource assessment’; Other 
ecosystems = ‘Incidental benefits of MCRMP products for the description of other 
ecosystems and the study of non-coral reef species’; Connectivity = ‘MCRMP to model 
connectivity’; Future reefs = ‘MCRMP and the modeling of future reefs in a climate change 
era’, Geology, Physical oceanography and socio-economy represent ‘MCRMP for other 
topical studies’ 

ID Reference Summary Topics Location Level 

1 Andréfouët 

and Guzman 

(2005) 

Use prototype 

MCRMP product 

from San Blas 

Archipelago to 

compare 

geomorphology 

and biological 

benthic richness 

Ecology Panama L5 

2 Andréfouët et 

al. (2006a) 

Presentation of 

MCRMP and first 

results 

Inventory Global L1-L5 

3 Andréfouët et 

al. (2006b) 

Atlas of Papua 

New Guinea coral 

reefs 

Inventory/Visualization Papua New 

Guinea 

L1-L5 

4 Mora et al 

(2006) 

Gap analysis in 

conservation of 

coral reefs 

worldwide 

Conservation Global REEF=1 

5 Allain et al. 

(2008) 

Enhance 

seamounts spatial 

database 

Other ecosystems Central and 

West 

Pacific 

Ocean 

REEF=1 

6 Andréfouët et 

al. (2008) 

Atlas of Caribbean, 

Indian and Pacific 

Ocean French reefs 

s 

Inventory/Visualization France L1-L5 

7 Green et al. 

(2008) 

Using a resilience 

framework, design 

a network of MPAs 

Conservation Papua New 

Guinea 

L4 
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based on 

distribution of 

habitat types and 

spatialzed 

biodiversity layers 

using MCRMP 

8 Wabnitz et al. 

(2008) 

Use of MCRMP to 

stratify the 

mapping of 

shallow seagrass 

beds 

Other ecosystem Caribbean L4 

9 Andréfouët et 

al. (2009a) 

Link 

geomorphology of 

modern reefs to 

geodynamic 

processes, from 

125 ka ago to 

present 

Geology New 

Caledonia 

L1-L5 

10 Andréfouët et 

al. (2009b) 

Atlas of Central 

and Western Indian 

Ocean coral reefs 

Inventory Central and 

Western 

Indian 

Ocean 

L1-L5 

11 Bell et al. 

(2009) 

Scaling-up fish 

biomass to assess 

food security of 

PICT in the future 

Fisheries 

Future reefs 

Pacific 

Ocean 

REEF=1; 

lagoons 

12 Moses et al. 

(2009) 

Scaling-up Florida 

reef metabolic 

performances at 

present and in 

future time 

Future reefs United 

States 

L4 

13 Pinca et al. 

(2009) 

Sampling strategy 

for reef  fishery 

assessment of 

PICT (one report 

per country) 

Fishery Pacific 

Ocean 

L3/L4 

14 Andréfouët 

and Wantiez 

(2010) 

Sampling strategy 

for monitoring 

UNESCO World 

Heritage Lagoons 

of New Caledonia 

conservation areas 

Ecology 

Conservation 

New 

Caledonia 

L5 

15 Kool et al. 

(2010) 

Spatial gene flow 

model in the 

Caribbean taking 

into account 

habitats 

Connectivity Caribbean L4 
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16 Lipsett-Moore 

et al. (2010) 

Identification of 

conservation 

priority areas 

Conservation Solomon 

Islands 

L4 

17 Wabnitz et al. 

(2010) 

Call for 

enhancement 

mapping of coral 

reefs and compare 

reef areas provided 

by different 

sources 

Inventory Global REEF=1 

18 Melbourne-

Thomas et al. 

(2011) 

To predict future 

coral reef states 

following land-use 

and climate 

changes 

Future reefs Meso-

America 

REEF=1 

19 Allain et al. 

(2012) 

Assess the 

relationship 

between coastal 

and ocean 

ecosystems 

through predators 

stomach contents 

and their distance 

to land and reefs 

Other ecosystems 

Ecology 

Fishery 

Central and 

West 

Pacific 

Ocean 

REEF=1 

20 Allnutt et al. 

(2012) 

To identify areas 

for conservation 

and management 

by comparing 2 

spatial 

prioritization tools, 

Marxan and 

Zonation, 

considering fishing 

pressure, thermal 

stress exposure and 

biodiversity  

Conservation 

Future reefs 

Fishery 

Madagascar REEF=1 

21 Hamel and 

Andréfouët 

(2012) 

Proposition of 

zoning plan for 

Baa Atoll 

Conservation Maldives L4 

22 Chollett and 

Mumby 

(2012) 

Identification of 

Orbicella reefs 

distribution on 

Meso-America 

forereefs 

Ecology Mexico, 

Belize 

L4 

23 Pinca et al. Interpretation of Fisheries Pacific L3-L4 
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(2012) reef 

geomorphology for 

fishery data 

analysis in PICT 

Ocean 

24 Foster et al. 

(2012) 

Compare results 

from Kool et al. 

(2010) with 

biophysical models 

and genetics data 

for a Caribbean 

coral 

Connectivity Caribbean REEF=1; 

UNEP-

WCMC 

25 Hamylton et 

al. (2012) 

Compare the 

information 

content of 

geomorphological 

(MCRMP) and 

biological habitat 

maps in the 

Admirantes Group. 

Inventory/Visualization Seychelles L4 

26 Pinsky et al. 

(2012) 

Define opened or 

closed populations 

according to larvae 

dispersal and 

spacing between 

habitat patches  

Connectivity 

Bahamas, 

Papua New 

Guinea, 

others 

REEF=1 

27 Riegl et al. 

(2012) 

MCRMP used as 

background map 

for visualization of 

field sites and 

statistics 

Visualization Chagos, 

UK 

REEF=1 

28 Cohen et al. 

(2013) 

Assess the role of 

periodically 

harvest closures to 

maintain fishery 

resources 

Fishery Solomon 

Islands 

Unclear 

29 Deas et al. 

(2013) 

Sensitivity analysis 

of conservation 

solutions to habitat 

maps and a variety 

of fishery 

opportunity costs 

Conservation 

Fishery 

Representation 

New 

Caledonia 

L5 

30 Hamel et al. 

(2013) 

Assess trade-offs 

between 

conservation 

objectives (habitat 

representation)and 

fishery opportunity 

costs 

Conservation Wallis and 

Futuna 

L3-L5 
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31 Hamylton and 

Andréfouët 

(2013) 

Inventory of 

United Kingdom 

coral reefs 

Inventory UK L2-L5 

32 Torres-Pulliza 

et al. (2013) 

Enhance seagrass 

mapping using 

MCRMP strata and 

conservation plans 

using coral reef 

habitat 

representation 

under a resilience 

framework for the 

Lesser Sunda 

ecoregion 

Other ecosystems 

Conservation 

Indonesia L4 

33 Weeks and 

Jupiter (2013) 

 Conservation 

Fishery 

Fiji L4 

34 Andréfouët 

and Hamel 

(2014) 

Conservation and 

research gap 

analyses using 

MCRMP products 

and metadata 

inventories  

Conservation Solomon 

Islands 

L5 

35 Dacks et al. 

(2014) 

Model of social 

and ecological 

drivers of 

household fishing 

catch, using reef 

area from MCRMP 

Fishery Fiji Unclear 

36 Reddy et al. 

(2014) 

Highlight how 

changing copra 

price in island can 

impact marine 

ecosystem services 

Socio-economy Kiribati L4 

37 Maina et al. 

(2015) 

Conservation, 

multi-criteria, 

framework to 

assess solution 

resilient to climate 

change and fishery 

exploitation 

Future reefs 

Fishery 

Conservation 

Kenya L3 

38 Letessier et al. 

(2016) 

Assess fish 

biomass and 

ecological 

interaction between 

deep and mid-

waters 

communities 

around coral atolls 

Other ecosystems 

Fishery 

Chagos, 

UK 

REEF=1 

39 Cheok et al. 

(2016) 

Assess the effects 

of planning units 

Conservation Fiji, 

Federate 

L1-L5 
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size, 

geomorphological 

levels and cost 

(individually and 

together) on 

conservation 

solution 

States of 

Micronesia 

40 Lindo-Atichati 

et al. (2016) 

Enhancement of 

reef representation 

in physical 

oceanography 

model 

Physical oceanography Meso-

America 

Depth 

41 Tulloch et al. 

(2016) 

Model high 

priority areas for 

marine 

conservation, 

considering the 

impact of oil palm 

agriculture 

Conservation Papua New 

Guinea 

L4 

42 Weeks et al. 

(2016) 

Suggest 

conservation 

solutions for 

selected fish 

species in Pohnpei 

Island 

Conservation 

Fishery 

Federate 

States of 

Micronesia 

L4 

43 Hamilton et al. 

(2017) 

Assess the impact 

of logging on B. 

muricatum 

juvenile’s habitat 

and its effect on 

juvenile’s 

abundance  

Fishery 

Ecology 

Solomon 

Islands 

L3-4 

44 Jupiter et al. 

(2017) 

Identify the main 

factors affecting 

resources and 

biodiversity 

conservation in 

several Fijian 

LMMAs 

Connectivity 

Conservation 

Fiji L3 

45 McClenachan 

et al. (2017) 

Assess the loss of 

coral reef habitats 

from 18th century 

to present in 

Florida Keys 

Inventory 

Ecology 

United 

States  

L4  

46 

Van 

Wynsberge et 

al. (2017) 

Assess the genetic 

structure of giant 

clam Tridacna 

maxima in the 

Coral Sea  

Connectivity 

New 

Caledonia, 

Vanuatu 

L1-3 

47 Williams et al. Assess the effect of Ecology America L5 
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(2017) Orbicella reef 

status on coral 

recruitment and 

algal cover 

Eastern 

Caribbean 

48 

Weeks (2017) 

Identify 

conservation areas 

using connectivity 

between adult and 

juveniles fish 

habitats 

Connectivity 

Ecology 
Micronesia 

– Yap 

Proper 

L4 

49 Derville et al. 

(2018a) 

Study the behavior 

of different 

humpback whale 

social groups 

Other ecosystems 

Ecology 

New 

Caledonia  

REEF=1 

50 Derville et al. 

(2018b) 

Predict humpback 

whale distribution 

from various data 

sources, including 

crowd sourced 

sightings data and 

reef position  

Other ecosystems 

Ecology 

New 

Caledonia 

REEF=1 

51 Boussarie et 

al. (2018) 

MCRMP used as 

background map 

for visualization of 

field sites and 

statistics 

Ecology New 

Caledonia 

REEF=1 

52 Cheok et al. 

(2018) 

Assess the benefits 

of updating more 

frequently regional 

priorities. MCRMP 

used to define 

rarity of coral reef 

classes  

Conservation Fiji L3 

53 Feretti et al. 

(2018) 

Estimation of the 

abundance of shark 

populations in 

Chagos 

Archipelagos 

Ecology UK Unclear, 

REEF=1 

probably 

54 Harborne et al. 

(2018) 

Estimate fish 

biomass and 

fishing pressure to 

guide management 

Fishery Micronesia  

(5 

countries) 

L4 

55 Miller et al. 

(2018) 

MCRMP used as 

background map 

for visualization of 

field sites and 

statistics 

Visualization  Fiji L4 

56 Moritz et al. 

(2018) 

MCRMP used as 

background map 

for visualization of 

Visualization  Pacific 

Ocean 

REEF=1 
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field sites and 

statistics 

57 Pearse et al. 

(2018) 

Assess the 

vulnerability of 2 

reef fish species to 

fishing pressure. 

MCRMP used to 

define habitat 

preferences of C. 

undulatus and B. 

muricatum 

(stratification of 

surveys, and 

generalization)  

Ecology 

Fishery 

Solomon 

Islands  

L4 

58 Silver et al. 

(2019) 

Predict where coral 

reefs will provide 

coastal protection 

in the future 

considering 

different climate-

induced effects 

Future reefs Bahamas Level 4 

59 Gairin and 

Andréfouët 

(2020) 

Sensitivity of Aichi 

Biodiversity Target 

11 scores to habitat 

definitions and 

MCRMP thematic 

levels 

Conservation New 

Caledonia 

L1-5 

60 Li et al. (2020) Modeling of coral 

reef distribution 

using MCRMP for 

model training 

Inventory Global L4 

61 Lyons et al. 

(2020) 

Presentation of 

Allen Coral Atlas 

products and 

comparison with 

MCRMP 

Inventory Global L4 

62 Smallhornwest 

et al. (2020) 

Presentation of a 

multi-layer 

database, including 

habitat maps 

Visualization Tonga L1-L5 

 

Table 2: SWOT analysis of the Millennium Coral Reef Mapping Products. 

Strengths Weaknesses 

 Global hierarchical geomorphological 

classification 

 Enhanced surface area of 

geomorphological units and distance to 

reef metric 

 Small patch structures are not detected due 

to imagery satellite resolution 

 Some coral reef configurations can be 

interpreted differently 

 Not all reef types have been documented 
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 High-resolution (1 ha) consistent map for 

many regions worldwide 

 No need for ground-truth data to identify 

geomorphological classes   

 High accuracy 

 May need long training for some users to 

understand the typology 

 Lack of documentation that could foresee 

all applications and provide specific 

guidelines 

 Several areas (e.g.,. Red Sea) are not 

completed 

Opportunities Threats 

 Evaluation of modern coral reef surface 

areas 

 Classification of reefs according to 

growth patterns 

 Assessment of the influence of reef 

geomorphological structure on 

biodiversity patterns 

 Evaluation of reef productivity 

 Assessment of the influence of reef 

geomorphological structure on atoll 

lagoon functioning 

 Planning for regional conservation 

 Management of reef fisheries 

 Climate change modelling 

 Synergy with more detailed coral reef 

mapping projects. Higher resolution 

products can be nested within the 

MCRMP typology (cf. Figure 2). Can be 

extended with high level of mapping, 

using higher resolution images (<10 m 

resolution) 

 Synergy with other ecosystems global 

mapping project 

 Alteration of the original GIS layers by 

other distributors 

 Improper use of MCRMP products 

(change detection, niche modeling, etc.) 

 Confusion between different products 
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Highlights 

The impact of the Millennium Coral Reef Mapping Project (MCRMP) is reviewed 

It was the first remote sensing project that targeted coral reefs globally 

MCRMP has created since 2004 hierarchical maps of coral reefs worldwide using Landsat  

Examples of inventories, conservation, fishery, climate and ecology applications are 

discussed 

Lessons from MCRMP can be useful for future global projects 
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