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Acronyms 
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FUNDAECO 
Fundación para el Ecodesarrollo y la Conservación (Guatemala) (Foundation for Eco-
Development and Conservation) 
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MARN Ministry of the Environment and Natural Resources (Guatemala) 

MaxEnt Maximum Entropy  
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NOAA National Centres for Environmental Information  

NODC National Oceanographic Data Centre  

nRBI Normalized Relative Biodiversity Index 

PU Planning Unit 

RBI Relative Biodiversity Index  

TNC The Nature Conservancy 
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FINAL TECHNICAL REPORT 

 

1. Cover 

1.1. Number of the Project  

REEF RESCUE-GUA-001-2017 

1.2. Name of the Project 

Preparing Thematic Maps and Establishing a GIS Baseline for Vulnerable Reefs in the MAR Region 

1.3. Beneficiary 

The target group are decision makers and governments of each MAR country, the Central American 

Commission on the Environment and Development (CCAD), and non-governmental organizations 

working to strengthen reef restoration in the four countries and the region, thus promoting sharing 

and dissemination of better practices and information to select the reef sites that are the most 

important from the economic and biodiversity standpoint. 

1.4. Authors of the Report 

Sara Michelle Catalán Armas 

Miguel Antonio Avila Mora 

1.5. Address 

4 avenida 23-01 zona 14, Guatemala City 

1.6. Period covered in the report and date of presentation 

This report covers from September 20 to July 31, 2018   

1.7. Executive Summary 

This proposal was developed to establish a baseline for the vulnerable reefs in the Mesoamerican 

Reef region, by using geographic-information systems and various analysis techniques. Its aim is to 

establish a standardized and normalized database as a useful tool to be used in decision-making and 

research in the region, mainly in the four countries that constitute it: Mexico, Belize, Guatemala, 

and Honduras.  

In addition, it is expected that by establishing a baseline and creating the thematic maps of the reefs 

within the MAR region, a risk analysis and an analysis of environmental (anthropogenic and natural) 

threats that endanger reef conservation can be undertaken. Furthermore, it is expected that 

through this consultancy, institutions have unified and standardized quality information that will 

contribute to strengthening the work that they have been performing. 

The authors participated in a meeting with the Committee of the Reef Rescue Initiative at which 

they presented the results contained in the mid-term report; that is, the thematic maps. The 
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Committee provided their input on them and requested corrections, which were made according to 

their requirements set forth on November 16, 2017. 

A total of 278 thematic maps were developed, both in English and Spanish, in the required format; 

achieving 100% of the deliverables. Certain layers that were to be researched for some countries 

could not be obtained, regardless of the efforts that were made. However, it is important to 

underscore the support and contributions provided by the various entities in the four countries and 

the members of the Committee of the Reef Rescue Initiative. Additionally, the two analyses to 

determine the risk and threat areas and the potential or priority conservation zones have been 

performed to complement the consultancy.  

2. Objectives:  

The main objective of this project was to establish a baseline for vulnerable reefs, applying the 

adequate geographic-information techniques to develop the layer overlays and to edit a set of 

thematic maps related to coral reefs with various activities, risks and key threats in the MAR 

region. 

2.1. The specific objectives of the consultancy are: 

¶ To gather and standardize geographic information to develop a baseline and to create thematic 

maps. 

¶ To create a set of thematic maps of the reefs in the MAR region with regard to predominant 

risks, conservation and productive activities, and key threats in the region. 

¶ To contribute to the analyses of the reef areas that have been most impacted by hurricanes, 

ship groundings, coral bleaching, and other threats in the region. 

¶ To propose prioritization scenarios to guide coral reef rehabilitation and restoration efforts in 

the region. 

3. Project Progress: 

3.1. Describing the results, progress and deliverables to date by programmed activity 

Following is a description of how consultancy activities have been undertaken: 

3.1.1. Standardizing and normalizing digital layers and databases, and creating the reference 

file for all files and digital layers 

This activity was performed in parallel with the activity included in item d of this section, with the 

aim of placing the layers in order and developing the corresponding maps. Standardized and 

normalized layers constitute one of the deliverables of this report in its digital format. They are 

located in files identified according to their theme and their GIS projects, both in English and 

Spanish. In order to perform this activity, approximately 90 editable layers were used. Some of them 

were used as base information and others were combined to obtain desired results. 
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3.1.2. Developing thematic maps and maps of various conservation activities and threats in 

the MAR region:  

A total 278 thematic maps were created with the templates, both in the Spanish and English 

languages. The .JPG files have been appended as digital attachments to the printed report delivered 

to MAR Fund, with their backup layers in an editable format. Maps have been created for each 

country, except for the bathymetry, salinity, temperature, chlorophyll, illegal shipping routes, model 

for the probability of grounding occurrence (due to the lack of data pertaining to this probability, 

the model was developed), and hurricane analyses, which have been developed for MAR region as 

a whole, since the context for these layers is regional. 

Following is a description of the activities by objective: 

3.2. Objective 1: To gather and standardize geographic information to develop a 

baseline and to create thematic maps 

To achieve this objective, approximately 200 geo-spatial layers and various databases belonging to 

public, private, and academic entities in the four countries were reviewed. 

Geo-spatial layers were standardized to the WGS84 coordinate system with the aim of placing all 

the data in a single system and performing various GIS operations and analyses. 

Each one of the layers is included in the database delivered to MAR Fund and they are placed in 

such an order as to simplify their use, since both the base layers and the ones based on the required 

analyses are duly identified. 

These analyses included hurricanes, groundings, threats, and analyses by quadrants, which are 

described below under the consultancy objectives. 

3.3. Objective 2: To create thematic maps and maps of various conservation activities 

and key threats in the MAR region 

278 thematic maps were developed with the templates approved by CTP, both in the Spanish and 

English languages. They were delivered to MAR Fund in a digital format, along with the first draft of 

the printed technical report. Maps were delivered in their corresponding .JPG format, with their 

backup layers in editable format and their GIS projects. 

Maps have been developed for each country, except for bathymetry, salinity, temperature, illegal 

shipping routes and chlorophyll layers. 

The grounding map was treated differently; since there were no data, a proposal was put forward 

to develop a model for the probability of grounding occurrence with the aim of obtaining areas 

where it is probable that these groundings occur and hurricane analyses, which were developed for 

the MAR region as a whole, because the context of these layers is regional. 

To be able to develop these thematic maps, a database in which geographic information was 

gathered and standardized (Objective 1) was developed in order to establish a baseline. These data 
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were the starting point to develop the thematic maps. Objectives 1 and 2 were achieved with these 

activities. 

The following table shows a summary of map development, which shows achievement of Objective 2. 

Table 1. A Summary of the Development of the Thematic Maps Requested 

Summary of the Development of the Thematic Maps Requested in the ToRs 

Maps General Belize Guatemala Honduras Mexico 

Spanish 47 25 20 23 21 

English 47 25 20 23 21 

Total 94 50 40 46 42 

Overall Total  278 

 

3.3.1. Methodology: 

Following is the name of the map, the source, the year of the source and the treatment used to 

develop the thematic maps according to the Terms of Reference and the agreements with the 

Technical Committee at the meeting in Antigua Guatemala on November 16, 2017; the video call on 

January 25, 2018, and the meeting with the Coordinator of the Reef Rescue Initiative on April 3 in 

Guatemala City. 

Following are the maps developed throughout the project, in alphabetical order, according to their 

name in Spanish: 

i. Fishing Areas/Áreas de pesca 

This map was only developed for Belize. Its name is Fishing Areas, and it corresponds to the map 

previously named άaŀƴŀƎŜŘ !ŎŎŜǎǎέΦ 

¢ƘŜ ƭŀȅŜǊ ǿŀǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ .ŜƭƛȊŜΩǎ CƛǎƘŜǊȅ 5ŜǇŀǊǘƳŜƴǘΣ нлмсΦ 9ȄŎŜǇǘ ŦƻǊ ƛǘǎ ŘƛƎƛǘŀƭƛȊŀǘƛƻƴΣ ƛǘ ǿŀǎ 

not provided any further treatment.  

ii. Marine Coastal Protected Areas/Áreas protegidas costero marinas 

General maps and country maps differentiated by the category to which each protected area 

belongs were developed and placed in alphabetical order. 

¶ Mexico: CONANP, 2017 

¶ Belize: Coastal Zone Management Authority and Institute, 2015 

¶ Guatemala: CONAP, 2016  

¶ Honduras: ICF, 2017 

No data treatment was performed for these layers. 

iii. Bathymetry/Batimetría 

This map was obtained from USGS-EROS 2014 data. 
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The treatment for this layer was to cut the global data for the MAR region. 

iv. Coral Bleaching (AGRRA-HRI)/Blanqueamiento de corales (AGRRA-HRI) 

To develop this layer, the HRIΩǎ !Dww! tǊƻƧŜŎǘ нлмс ŘŀǘŀōŀǎŜǎ ǿŜǊŜ ǳǎŜŘ. 

Type of bleaching: Not bleached, partly pale, partly bleached, pale, and completely bleached 

No data treatment was performed to develop the map. 

v. Coral Bleaching (ReefBase)/Blanqueamiento de corales (ReefBase) 

ReefBase 2013 databases were used to develop this layer. 

Type of bleaching: high, medium and low bleaching, not bleached, and unknown severity of 

bleaching. 

No data treatment was performed to develop the map. 

vi. Water qualityςPollution/Calidad de agua-contaminación 

This layer is a raster that was clipped to extract only the MAR region. It was taken from doi:10.5063/F1S180FS, 

2013, from the Internet reference page: https://knb.ecoinformatics.org/#view/doi:10.5063/F1S180FS 

vii. Water qualityςChlorophyll/Calidad de agua-clorofila 

This layer is a raster that was clipped to extract only the MAR region. The data stem from CONABIO, 

2013. 

viii. Water qualityςpH/Calidad de agua-pH 

This layer is a raster interpolation aimed at extrapolating the data from global points; it was clipped 

to extract the MAR region. Data come from NODC-NOAA, 2013. 

ix. Water qualityςsalinity/Calidad de agua-salinidad 

This layer is a raster interpolation aimed at extrapolating the data from global points; it was clipped 

to extract the MAR region. Data come from NODC-NOAA, 2013. 

x. Water qualityςTemperature/Calidad de agua-temperatura 

This layer is a raster interpolation aimed at extrapolating the data from global points; it was clipped 

to extract the MAR region. Data come from NODC-NOAA, 2013. 

xi. Coral Coverage/Cobertura de coral 

This layer originated from Millenium Coral Reef and AGRRA HRI data for 2013 and 2016 respectively. 

Except for Guatemala, the data were provided by Ana Giró from HRI, who has undertaken activities 

to locate the polygons in Guatemala. 

This is information for 2017-2018. Using it, it was possible to refine the coral coverage areas in 

Guatemala a bit more.  
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No data treatment was performed for the layers. 

xii. Mangrove Cover and River Mouths/Cobertura de manglares y desembocadura de ríos 

The data to create this map stem from CONABIO (Mexico), Biodiversity.bz (Belize), INAB and CONAP 

(Guatemala), ICF (Honduras), MAR Fund 2015 (2016), 2015, 2012 (2015), 2012 (2014), 2015, 

respectively. Parentheses in the dates of the data indicate the year in which they were published 

and the date that is not in parentheses shows the year of the source. 

The river layer was modified at the suggestion of the CTP with the purpose of obtaining only the 

river mouths of the main rivers. No data treatment was performed for the remaining layers. 

xiii. Mangrove, Beach and Seagrass Cover/Cobertura de manglares, playas y pastos 

marinos 

To create this map, layers were obtained from CONABIO (Mexico), Biodiversity.bz (Belize), INAB, 

and CONAP (Guatemala), ICF (Honduras), MAR Fund, COCATRAM, ReefBase, from 2015 (2016), 

2015, 2012(2015), 2012 (2014), 2015, 2012, 2013, respectively. 

No data treatment was performed for these layers.  

xiv. Ocean Currents East and Ocean Currents North/Corrientes marinas este y corrientes 

marinas norte 

Two maps were developed for these ocean currents, named: 

¶ Ocean currents East: ECOWATCH-NCDDC-NOAA, 2017. 

¶ Ocean currents North: ECOWATCH-NCDDC-NOAA, 2017. 

Layers are from a raster clipped for the MAR region. 

xv. Distribution of Marine Algae/Distribución de algas marinas 

нлмс 5ŀǘŀōŀǎŜǎ ŦǊƻƳ ǘƘŜ IwLΩǎ !Dww! tǊƻƧŜŎǘ ǿŜǊŜ ǳǎŜŘ ǘƻ ŘŜǾŜƭƻǇ ǘƘƛǎ ƭŀȅŜǊΦ 

No data treatment was performed for the layer. 

xvi. Coral Disease/Enfermedades de coral 

Data from AGRRA-HRI, 2016. 

It lists the various coral diseases present in the MAR region. 

No data treatment was performed for this layer. 

xvii. Hurricanes (9)/Huracanes (9) 

Two types of maps were developed: 

¶ Hurricane Recurrence  

¶ Hurricane Intensity  
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xviii. Hurricane Recurrence Map: 

The Hurricane Recurrence Map was develop based on NOAA 2017 data. 

The treatment for these layers was the monthly addition of each hurricane occurrence; data for the 

MAR region was clipped. 

The map shows the recurrence in each month within a period of the two established years. That is, 

the number of hurricanes per month for the number of years being analysed.  

xix. Hurricane Intensity Maps:  

A table was developed for these maps in which hurricane categories are shown, in relation to wind 

speed. The map has a high-, medium- and low-intensity scale, because this map originates from 

points and lines that contain specific information on wind speeds. To translate these data into 

continuous data in order to have information for the whole MAR region, a GIS operation ςcalled 

interpolationς must be performed.  

Interpolation is obtaining new points based on a known discrete set of points. In this case, the 

kriging1 interpolation was used. 

Four maps were developed for the following periods: 

¶ 1851-2014 

¶ 1900-1986 

¶ 1987-2015 (last 30 years) 

¶ 2005-2015 (last 10 years) 

xx. Mangroves, Beaches, Rivers and Tourist Sites/Manglares, playas, ríos y sitios turísticos 

Data from CONABIO (Mexico), Biodiversity.bz (Belize), INAB and CONAP (Guatemala), ICF 

(Honduras), MAR Fund, COCATRAM, and TopoSIG, from 2015 (2016), 2015, 2012(2015), 2012 

(2014), 2015, 2012, 2017, respectively, were used to create this map. 

¢ƘŜ ǊƛǾŜǊ ƭŀȅŜǊ ǿŀǎ ƳƻŘƛŦƛŜŘ ŀǎ ǇŜǊ /¢tΩǎ ǎǳƎƎŜǎǘƛƻƴΣ ǿƛǘƘ ǘƘŜ ŀƛƳ ƻŦ obtaining only the mouths of 

the main rivers.  No data treatment was used for the other layers. 

xxi. Surgeon Fish/Pez cirujano 

The data come from AGRRA-HRI, 2016. 

No data treatment was performed for this layer. 

xxii. Lion Fish/ Pez León 

The data come from AGRRA-HRI, 2016. 

                                                           
1 Kriging is an advanced geostatistical procedure that generates an estimated surface from a scattered set of points with z-values. Unlike other 
interpolation methods in the Interpolation toolset, to use the Kriging tool effectively involves an interactive investigation of the spatial behaviour 
of the phenomenon represented by the z-values before you select the best estimation method for generating the output surface. 
 (https://pro.arcgis.com/es/pro-app/tool-reference/3d-analyst/how-kriging-works.htm). 
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No data treatment was performed for this layer. 

xxiii. Parrot fish/Pez loro 

The data come from the AGRRA-HRI, 2016 database. 

No data treatment was performed for this layer. 

xxiv. Probability of groundings/Probabilidad de encallamientos 

¢Ƙƛǎ ƳŀǇ ǿŀǎ ƴŀƳŜŘ άƎǊƻǳƴŘƛƴƎǎέΤ ƘƻǿŜǾŜǊΣ ǘƘŜǊŜ ƛǎ ƴƻ ǎǳŦŦƛŎƛŜƴǘ ƎŜƻ-spatial data to develop it. 

Therefore, a proposal was put forward to develop a model for the probability of grounding 

occurrence. 

The model was developed using MaxEnt software. The results are included as an .html digital file 

that can be viewed in any search engine. It also includes the raster that was used to create the map. 

xxv. Reef Restoration Projects/Proyectos de restauración de arrecifes 

This map refers to the reef-restoration zones, based on data from the Reef Restoration Network, 

2017 Biennial Meeting.  

No data treatment was performed for this map. 

xxvi. Navigation Routes/Rutas de navegación 

In this case, several layers were developed, due to the dispersed and diverse information found for 

the MAR region, that is: 

¶ Illegal navigation routes: obtained from Juan Pérez Ventura, 2014. www.vaventura.com 

¶ Navigation routesΥ ǇǊƻǾƛŘŜŘ ōȅ .ŜƭƛȊŜΩǎ Coastal Zone Management Authority and Institute, 

2010. 

¶ COCATRAM navigation route: This map was developed based on COCATRAM data, which 

specifically covers the Gulf of Honduras, 2012 

¶ Navigation route frequency: obtained from metadata related to doi:10.5063/F1S180FS, 

2013 publication identifier (https://knb.ecoinformatics.org/#view/doi:10.5063/F1S180FS). 

¶ Navigation routes by type of vessel: This specific analysis comes from COCATRAM, 2012. 

Difference in the types of vessels that sail through the area. 

xxvii. Fish Aggregation Sites/Sitios de agregación de peces 

The data come from AGRRA-HRI, 2016. 

No data treatment was performed. 

xxviii. Whale shark aggregation sites/Sitios de agregación del tiburón ballena 

Data stem from COCATRAM, 2012. /h/!¢w!a Řŀǘŀ ǿŜǊŜ ǳǎŜŘ ƛƴǎǘŜŀŘ ƻŦ ŎƻǳƴǘǊƛŜǎΩ ŘƛǾŜǊǎƛǘȅ ŘŀǘŀΣ 

since there was no geospatial information on these living organisms. Additionally, COCATRAM staff 
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performed studies on diversity to develop these final reports. See the reference on the assorted 

studies cited in the bibliographical references. 

No data treatment was performed for these layers. 

xxix. Bird nesting sites/Sitios de agregación de aves 

5ŀǘŀ ǎǘŜƳ ŦǊƻƳ /h/!¢w!aΣ нлмнΦ /h/!¢w!a Řŀǘŀ ǿŜǊŜ ǳǎŜŘ ƛƴǎǘŜŀŘ ƻŦ ŎƻǳƴǘǊƛŜǎΩ ŘƛǾŜǊǎƛǘȅ ŘŀǘŀΣ 

since there was no geospatial information on these living organisms. COCATRAM staff performed 

studies on diversity to develop these final reports. See the reference on the assorted studies cited 

in the bibliographical references. 

No data treatment was performed for these layers. 

xxx. Turtle Nesting Sites/Sitios de anidación de tortugas 

Data originate from COCATRAM, 2012 and CONABIO (Mexico), Coastal Zone Management Authority 

and Institute (Belize), 2017, (2007). 

No data treatment was performed for these layers. 

xxxi. Manatee Sighting Sites/Sitios de avistamiento de manatí 

Data originate from COCATRAM and FUNDAECO (Guatemala), CONABIO (Mexico), Coastal Zone 

Management Authority and Institute (Belize), 2012, 2008, 2012 respectively 

No data treatment was performed for these layers. 

xxxii. Larva Collection Sites/Sitios de colecta de larvas 

Data come from the ECOSUR (Mexico) database, 2017. 

No data treatment was performed for this layer. 

xxxiii. Oil Exploration Sites/Sitios de exploración petrolera 

When developing this map, it was established that only Guatemala had oil exploration sites in the 

MAR region. These data stem from the Ministry of Energy and Mines 2017. Mexico does not have 

any records of this activity in the MAR region.  

No data treatment was performed for this layer. 

xxxiv. AGRRA-HRI Monitor ing Sites/Sitios de monitoreo AGRRA-HRI 

This layer was created based on 2016 data from the AGRRA-HRI Project. 

No data treatment was performed for this layer. 

xxxv. ReefBase Monitoring Sites/Sitios de monitoreo ReefBase  

This layer was developed based on 2017 ReefBase data. 
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xxxvi. No data treatment was performed for this layer. 

xxxvii. Tourist Sites and Type of Tourism Use/Sitios y tipo de uso turístico 

This map was created by the TopoSIG Consulting Group with 2017 data. 

No data treatment was performed for this layer. 

xxxviii. Fish Replenishment Zones/Zonas de recuperación pesquera 

Data were taken from several sources: Mexico: CONANP/2015; Belize: MAR Fund and TNC/2015; 

Guatemala: MAR Fund 2015; Honduras: Martín Galo and Pablo Ricco/2017 (Barra Cuero y Salado 

Wildlife Refuge), and the Instituto Nacional de Conservación y Desarrollo Forestal, Áreas Protegidas 

y Vida Silvestre/2015 (PAMUCH). 

No data treatment was performed for any of these layers. 

xxxix. Fishing Zones/Zonas de pesca 

The map named Fishing Zones is only available for Mexico, Guatemala, and Honduras. 

Data stem from MAR Fund (Guatemala, Mexico), FUNDAECO (Guatemala), CEM (Honduras) from 

2015, 2015, 2017, respectively. 

No data treatment was performed for any of these layers. 

xl. Acropora 

These data originate from Rodríguez-Martínez RE, Banaszak AT, McField MD, Beltrán-Torres AU, 

Álvarez-Filip L. 2014. Assessment of Acropora palmata in the Mesoamerican Reef. PLoS ONE 9(4): 

e96140. doi:10.1371/journal.pone.0096140. 

No data treatment was performed for this layer. 

3.4. Specific Objective 3: To contribute to the analyses of the reef areas that have been 

most impacted by hurricanes, ship groundings, coral bleaching, and other threats 

in the region: 

3.4.1. Analysis 1: 

.ŜŎŀǳǎŜ ǘƘŜ άǊƛǎƪκǘƘǊŜŀǘέ ǾŀǊƛŀōƭŜ ƛǎ ŜǎǎŜƴǘƛŀƭΣ ƛǘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ǎǳǊŦŀŎŜ ōŀǎŜŘ 

on mapped risk factors; that is, the socio-economic, ecological and other activities that have been 

identified by means of an expert review of them as generators of negative impacts on the conditions 

of habitats, species and/or ecological systems related to them (Schill and Raber, 2006).  

11 geo-spatial layers were identified by means of consultations with experts and individuals related 

to management in the region. 

After the analysis mentioned above, the CTP requested a second analysis of the threats described 

subsequently. The 11 variables defined below were included in the latter analysis. 
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In this case, the Water Pollution layer (effluent discharge, which is included in the second analysis 

described subsequently) was the only one that was not found in order to include it in the model. 

After a comprehensive bibliographic review and consultation (Phillips et al, 2006; Segurado and 

Araujo, 2004; Naoki et al, 2006 and Rojas, 2001), the MAXENT method was selected, having 

identified this method as the one with the most solid and precise results for cases with small 

occurrence-data samples, which in this case, were represented by the threats that have already 

occurred in the area, such as coral disease and bleaching. 

They also suggested using the Pearson correlation coefficient analysis to find highly-correlated 

climate data (r>0,9), with the aim of reducing analysis time and data redundancy (Naoki et al, 2006); 

however, MaxEnt makes this correlation. 

a) MaxEnt 

This is software to model potential species distribution using the maximum-entropy method. It is 

based on mechanical statistical methods to make predictions based on incomplete information. 

MaxEnt estimates the most uniform distribution of points of occurrence in a study area, subject to 

the constraint that the expected value for each environmental variable under the estimated 

distribution matches its empirical average (Phillips et al, 2004). 

b) Geographic Information Systems 

Geographic Information Systems (GIS) contribute to: (a) developing input variables to be used in 

modelling; (b) Identifying spatial patterns in data; (c) quantifying observed or predicted temporary 

changes; (d) evaluating the factors that operate across a number of scales, and (e) visualising results 

(Henríquez, Azocar, and Aguayo, 2006). 

c) Materials 

Digital layers and .shp, .jpg, .tif, .dbf files provided by government institutions and organizations 

throughout the consultancy have been used. 

d) Cartography 

An inventory of the layers that were available was performed. A detailed analysis was made of which 

layers were needed to perform the threat and risk analysis and which of them were not available. 

Following is a detailed list of the layers used for the analysis. Some layers were developed based on 

others. 

¶ Water sport activities 

¶ Groundings (model for the probability of grounding occurrence) 

¶ Hotels (stemming from re-classification of the tourist-activities layer) 

¶ Hurricanes 

¶ Invasive species: Lion fish (classified according to biomass, so that 4 layers of the same one 

were developed to differentiate the areas according to biomass range) 

¶ Shipping routes 
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¶ Illegal navigation routes 

¶ Water temperature 

¶ Navigation routes 

¶ Diving zones 

These were developed in a format that is appropriate for MaxEnt (.csv). 

The main output of the models are accumulated-probability surfaces with values between 0 and 

100, assigned to each cell in the study area (CV). A record omission threshold (approximately 0.2 

omissions) will be applied to convert the cumulative probability values into a binomial layer 

representing presence/absence of the modelled variable. This output represents the potential 

distribution of the modelled variable. 

e) Summary of the Methodology 

Models for the probability of occurrence (risks and threats) to use and develop MaxEnt: 

a) Essential layers are sought to create the models (MDP) (inventory) 

b) Something that is very important and must be taken into account when preparing the data 

to be entered into MaxEnt is that the species data must be in .csv format and the data for 

independent variables in .asc format (ASCII), and must contain the same cell number and 

size, as well as the same extent. 

A 1,000 x 1,000m resolution was selected because the climate data (temperature) had that 

resolution and because the rest of the data has the same one. By doing so, we do not add more 

uncertainty by changing resolutions.  

f) Environmental Cost (pressures, threats) Development, Treatment, and Analyses in the 

MAR region 

In order to develop this sole environmental risk and threat layers and each one of the criteria, a 

multi-criteria evaluation (MCE) of Boolean logic was used; that is, 1 was used to define the zones 

we are interested in and 0 for the zones that we are not interested in. This was done because (1) it 

decreases the volume of information in order to process it in GIS and (2) the zones that present 

considerable threats are the ones nearest the selected criteria. In some components that interested 

us, such as temperature, the layer is continuous, while in others, we applied categories. 

g) General Objective 

To establish an allocation of land uses and/or activities that is coherent with area resources that 

does not cause conflict and that, at the same time, minimizes existing or potential impacts, based 

on implementing an allocation model that considers the factors and constraint of each one of the 

criteria. 

Questions that will be answered by means of the MCE: 

¶ Where is the most damage caused to conservation targets? 
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¶ What zones are the least appropriate for conservation? 

¶ Which are the zones that cause the most damage or generate the greatest environmental 

costs to the territory? 

¶ Which are the zones that cause the most damage or pose the greatest environmental threat 

to the territory? 

h) Methodology 

Firstly, the criteria that have effects or impacts were established; that is, those territorial variables 

that have influence on the activity. 

The criteria are represented by thematic layers defined for each case. Thus, the characteristics that 

we desired were established for the territory under study where the designed activities took place. 

Thus, through the objective and the factors to locate each use, it was possible to define the criteria 

(variables) that have impact on the model of environmental costs or pressures for the MAR region. 

After the criteria to be considered had been established, the factors were defined ςin this case, 

impact factorsς, and the restrictions or constraints for the assessed uses were defined. 

Let us remember that the criteria are the evidence on which a decision is based (Eastman et al., 

1993); therefore, the factors are the criteria that have been evaluated. 

Variable selection was made based on our study objectives, by consulting with various experts on 

the topic and with managers in some protected areas, based on experience and current relation, 

among others. 

All those variables that were thought to have any influence were inventoried; however, not all of 

them could be modelled (generate spatial predictions), because data were not available in the 

appropriate format for a GIS. Some thematic layers were developed based on existing ones (see 

Table 2). 

Table 2. Treatment of Variables Used to Develop the Environmental Cost Model for Analysis 1  

ID Variable Treatment 

01 Water sport activities Modelled 

02 Groundings (model for the probability 

of occurrence) 

Modelled 

03 Hotels (stemming from re-classification 

of the tourist-activities layer)) 

Modelled 

04 Hurricanes Modelled 

05 Invasive species: Lion fish (classified 

according to biomass, so that 4 layers of 

the same one were developed to 

differentiate the areas according to 

biomass range) 

Modelled 

06 Shipping routes Modelled 
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07 Illegal navigation routes Modelled 

08 Water temperature Modelled 

09 Navigation routes  Modelled 

10 Diving zones Modelled 

11 Water Pollution layer (effluent 

discharge 

Modelled (only for the 

second threat analysis 

that was requested) 

 

Based on these criteria, several potential locations were established, according to different 

viewpoints.  

The study required that some variables be studied or analysed further than others, due to their 

importance or their fundamentality for the study; however, all variables were provided the same 

treatment and attention to avoid more uncertainty in the overall data. 

Based on the objective established in the model, we established a number of criteria (variables) with 

which to measure the impact of each one of the factors of the territory for the use or activity being 

proposed. Then, a layer was generated with all the factors that had been previously established. 

The result is a map showing the probability of occurrence of risks and threats in the zone and 

indicating the areas that are more susceptible to threats in the MAR region. 

The result of the map can always be improved; that is, it can be further detailed. Further analyses 

can be performed on the inclusion or exclusion of other variables, provided they are available. 

i) Environmental Risk: 

It represents the mean value of environmental risks to the planning units. In this case they were 

1,000 x 1000m grids and it was 9.101165. 

This number could be used as the cut-off point to determine a threshold for conservation targets 

that could be most impacted by the intensity and distances of influence of the characteristics of 

underlying risk factors (Schill and Raber, 2008). 

If the mean value is 9.10, all the planning units exceeding it could be considered as candidates for 

high risk, or units that could be impacted by higher risk levels (Schill y Raber, 2008). 

3.4.2. Analysis 2: Threats including the coral-reef layer (requested by the Committee after 

January 25) 

Through a video-conference on January 25, 2018, the Reef Rescue Initiative Committee requested 

that we perform another threat analysis, incorporating the coral-reef layer. To that end, a sample 

was taken of 500 coral-reef location points along the whole coast within the MAR region. 

The table below shows the analysis of the contribution made by each variable and the analysis of 

how important the permutation of said variables is for the model. The sample used by the model is 

25% of the training data. 
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The following table contains the estimates of the relative contributions of variables to the Maxent 

model. To determine the first estimate, in each iteration of the training algorithm, the increase in 

regularized gain is added to the contribution of the corresponding variable or subtracted from it if 

the change to the absolute value of lambda is negative. For the second estimate, for each 

environmental variable, in turn, the values of said variable in the presence of training and 

background data are randomly permuted. 

The model is reassessed with permuted data and the drop in the area under the curve (AUC) of 

training is shown in the table, normalized to percentages. As with the jackknife test, variable 

contributions must be interpreted with caution when predictor variables are correlated (see Table 

3). 

Table 3: Variables Used for Modelling 

 

Variable Percentage of contribution Permutation Importance 

Groundings 67.6 80.3 

Pollution 15.9 6.3 

Temperature 6.5 1.8 

Routes_sam1 5.3 8.2 

Hurricanes 3.8 2.4 

Lion_fish4 0.4 0.2 

Shipping_routes 0.4 0.8 

Lion_fish2 0.1 0.1 

Lion_fish3 0.1 0 

Hotels 0 0 

Illegal_routes 0 0 

Diving _zones 0 0 

Lion_fish1 0 0 

Disease 0 0 

Sport activities 0 0 

 

In addition, model response curves are shown. 

These curves show how each environmental variable affects the MaxEnt prediction. The curves 

show how the logistical prediction changes as each environmental variable varies, keeping all other 

environmental variables at their average sample value. It important to note that the curves may be 

difficult to interpret if they have variables that are strongly correlated, since the model may depend 

on correlations in ways that are not evident in the curves. In other words, curves show the marginal 

effect of changing a variable exactly, whereas the model may take advantage of sets of variables 

that change together. 
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Unlike the marginal response curves shown above, each of the curves shown below represents a 

different model; that is, a MaxEnt model created by using only the corresponding variable. These 

plots reflect the suitability predicted both for the selected variable and for the dependencies 

induced by correlations among the selected variable and other variables. They may be easier to 

interpret if there are strong correlations among variables:  

 
The following picture shows the results of the jackknife test on variable importance. The 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǾŀǊƛŀōƭŜ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ Ǝŀƛƴ ǿƘŜƴ ǳǎŜŘ ƛƴ ƛǎƻƭŀǘƛƻƴ ƛǎ άƎǊƻǳƴŘƛƴƎǎέ όŜƴŎŀƭƭŀƳƛŜƴǘƻύΣ 

which is, therefore, the one with the most useful information. The environmental variable that most 

decreases the gain ǿƘŜƴ ƛǘ ƛǎ ƻƳƛǘǘŜŘ ƛǎ άƎǊƻǳƴŘƛƴƎǎέ όŜƴŎŀƭƭŀƳƛŜƴǘƻύΣ ǿƘƛŎƘ ǘƘŜǊŜŦƻǊŜ ŀǇǇŜŀǊǎ ǘƻ 

have the greatest amount of information that is not present in other variables. 
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The corresponding map is included in the digital deliverables named: Riesgos / amenazas en 

arrecifes de coral (Risks / Threats in Coral Reefs). 

This risk layer represented in the map already contains the variable of water contamination, as 

suggested by the CTP. 

This layer was obtained from Benjamin Halpern, Melanie Frazier, John Potapenko, Kenneth Casey, 

Kellee Koenig, et al. 2015. Cumulative human impacts: raw stressor data (2008 and 2013). 

Knowledge Network for Biocomplexity. doi:10.5063/F1S180FS. 

 

Maxent model for 

Arrecifes_de_coral.pdf Click on this file to see the detail of the results described above. 

 

3.5. Specific Objective 4: To propose prioritization scenarios to guide coral reef rehabilitation 

and restoration efforts in the region. 

a) Conservation Targets 

A conservation target is a biodiversity component that is spatially measurable and definable and 

that is to be conserved within a network of protected natural spaces (Ardron, Possingham and Klein, 
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2008), which in this case, is the Mesoamerican Reef (MAR) region. It is constituted by the habitats 

and species intended for conservation.  

In this case, the conservation targets are: 

1. Seagrasses 

2. Mangrove cover 

3. Aggregation sites (fish) 

4. Sighting sites (birds, turtles, whale-sharks) 

5. Coral cover 

6. Parrot fish, and 

7. Surgeon fish 

A constraint found for this work is the effect of the data-availability bias. It is probable that we face 

a problem generated by the differences in sample efforts in the territory under study, since some 

distributions of species may appear larger or smaller than they actually are. On the other hand, 

there have been greater sampling efforts for protected areas than for other areas, and they may 

seem to have a greater number of species than those in areas adjacent to them. 

b) Relative Biodiversity Index 

The Relative Biodiversity Index (RBI) of a landscape is estimated to identify the relative biological 

wealth, measured in terms of abundance of its characteristic biodiversity, compared with the 

general study area. Individual rankings can be used for each occurrence of biodiversity, as an 

independent evaluation of each planning unit or subset of units (for example, hexagons, squares or 

watersheds). 

A map with Relative Biodiversity Indices (RBIs) was created with the PAT v4 tool, developed by TNC 

(Schill y Raber, 2008), used by means of ArcGis 10.3.1.  

The Normalized Relative Biodiversity Index (nRBI) quantifies the relative weighted contribution of 

each planning unit compared with the total distribution of each conservation target. In other words, 

the nRBI of each planning unit (PU) is directly proportional to the number of conservation targets 

existing in the PU (in this case, hectares). The index may be summed for multiple targets, creating 

and aggregate nRBI. The advantage of this approach is that it can be used to identify the best 

remaining areas, in terms of target abundance for each target or set of targets at the planning unit 

scale (query domain) or the landscape scale (universe domain) (TNC, 2005). 

nRBI= RBI/RAI 

where: 

RBI = abundance (PU) / abundance (study area) 

RAI = area (PU) / area (study areaςMAR) 

This index computes the relative abundance in such a way that it may be any measurement, such as 

hectares or occurrences. Values for nRBI greater than 1 indicate proportionately more target 

abundance in a PU than is expected for the PU size. Normalized relative biodiversity index values 
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can be summed across multiple targets to calculate aggregate nRBI. A higher RBI summed score (> 1) 

implies that there is a greater representation or extent of the targets than is expected for the PU 

size, which may or may not justify conservation actions (TNC, 2003). 

Thus, we can interpret RBI as: 

 = 1 target is proportional to its area 

> 1 target is over-represented in the PU 

< 1 target is sub-represented in the PU  

The Normalized Relative Biodiversity Index (nRBI) is calculated using an area-weighted function. 

Values greater than 1 indicate a high level of habitat wealth compared to the overall landscape. 

(Schill y Raber, 2008). 

As part of the RBI analysis results, two outputs are created, one in .shp format and another one in 

.dbf tables named: RBI_ALL_ TARGETS and RBI_SUMMARY. 

¢ƘŜ ǘŀōƭŜ ƴŀƳŜŘ άw.Lψ![[ψ¢!wD9¢{ΦŘōŦέ Ŏƻƴǘŀƛƴǎ ǎƛȄ ŎƻƭǳƳƴǎ ǘƘŀǘ ŘŜǎŎǊƛōŜ ǘŀǊƎŜǘ ƻŎŎǳǊǊŜƴŎŜ ƛƴ 

each Planning Unit: 

Table 4. Contents of Table άw.Lψ![[ψ ¢!wD9¢{ΦŘōŦέΦ From Schill and Raber, 2008. 

FIELD DESCRIPTION 

ID Planning Unit Identifier 

RAI Relative Area Index 

TCOUNT Total count 

RBI Non-Normalized Relative Biodiversity Index 

RBN Normalized Relative Biodiversity Index 

RBI_TARGET Name of the target 

The other table, RBI_SUMMARY, has 5 columns: 

Table 5. Contents of Table άRBI_SUMMARY.dbfέΦ From Schill y Raber, 2008. 

FIELD DESCRIPTION 

RBIT1 Non-normalized RBI value average based on the sum of the total number of targets 

found in the universe domain (that is, the total landscape). 

RBIT2 Non-normalized RBI value average based on the sum of the total number of targets 

found in the query domain (that is, the hexagon planning unit) 

RBNT1 Normalized RBI value average based on the sum of the total number of targets found 

in the universe domain (that is, the total landscape). 

RBNT2 Normalized RBI value average based on the sum of the total number of targets found 

in the query domain (that is, the hexagon planning unit). 

UNIT_ID Planning Unit sole identifier 
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This approach allows a more specific understanding of the potential conservation areas; it can also 

be used to set priority sites based on specific strategies to this or that habitat. Furthermore, this 

combination may be used to predict the highest return for conservation investments, to achieve 

long-term goals in habitats and to systematically provide sequential information to build a 

representative network of conservation areas (Schill and Raber, 2008). 

In the case of the MAR region, a map in which the colour ramp ranges from green to red is 

submitted. Colours with numbers over 1 indicate a greater relative biodiversity. This datum is 

interpreted through the RBN column. The higher the RBN value, the higher the Normalized Relative 

Biodiversity Index.  

The result of the map is included in the digital attachments delivered as established in the ToR. In 

order to interpret the results, consider Table 2, and then we can identify the RBI: 

= 1 target is proportional to its area 

> 1 target is over-represented in the PU 

< 1 target is sub-represented in the PU  

The normalized indices for all conservation targets in the MAR region; that is, the total landscape. 

The detailed nRBI tables for conservation targets are only available in their digital version, since they 

are 464,921 PUs, so they are very extensive. 

c) To propose prioritization scenarios to guide coral reef rehabilitation and restoration 

efforts in the region  

To achieve this objective, an initial step was taken to identify the geo-spatial zones containing higher 

biodiversity indices, with the aim of proposing, based on four scenarios, the priority zones for 

conservation and/or to guide conservation efforts. 

In order to determine biodiversity indices, the work will be based on species reports in the study 

areas, either by country or by the overall MAR region. 

We propose that the biodiversity index used is a Normalized Relative Biodiversity Index (nRBI). This 

Relative Biodiversity Index (RBI) will be developed by using the PAT v3 tool designed by TNC (Schill 

and Raber, 2008) and used by means of ArcGis.  

After determining the zones with high biodiversity indices, the layer created in Objective 3 will be 

used; that is the layer on environmental risks or threats.  

The aim is to use the nRBI layer developed in the previous process and to cross it by means of geo-

spatial processes, with the aim of determining priority conservation zones and guiding many of the 

actions required by MAR. 

Consequently, we propose that, when combining the environmental risk with the Relative 

Biodiversity Index, we obtain: 
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This type of quadrant analysis can be combined with sites that have already been declared as a 

conservation priority or sites with high risks and threats, in order to guide priority establishment 

with respect to the areas in most urgent need of conservation. The High RBI / High Risk areas could 

be the costliest to address or treat, but they are species that could be lost irretrievably if measures 

are not taken imminently. 

In summary, in most of the taxa that were analysed, where the planning units with highest RBNT1 

are located, they have one or several protection categories. 

In the next picture, we can see that, when combining the environmental risk with the relative 

biodiversity index we obtain: 

 

High RBI/Low 
Risk

LESS URGENT

High RBI/High 
Risk

MOST URGENT

Low RBI/Low 
Risk

Low RBI/High 
Risk

RISK 

RBI 
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This type of analysis by quartiles (¢ΦbΦ L ŘƛŘ ƴƻǘ ŦƛƴŘ ǘƘŜ {ǇŀƴƛǎƘ ǿƻǊŘ άŎǳŀŘǊƛƭέ ŀǇǇƭƛŜŘ ǘƻ ǎǘŀǘƛǎǘƛŎǎΤ 

thus, L ƛƴǘŜǊǇǊŜǘŜŘ ƛǘ ŀǎ άŎǳŀǊǘƛƭέ=quartile) may be combined with the results obtained in 

conservation gaps to guide priority establishment with respect to the most urgent conservation 

areas. The High RBI/High risk areas could be costlier to acquire, but they are species that could be 

lost irretrievably if measures are not taken imminently. 

Each one of the analysis scenarios by quadrants shows the areas in the MAR region whose 

conservation is important. However, the most important scenario is the one referred to as the most 

urgent, which shows a High RBI/High Risk. As the name of the scenario indicates, these areas contain 

a high biodiversity or a high concentration of living organisms and substantial risk or threats within 

the MAR region. 

3.6. Conclusions 

1. The groundings, water-pollution and water-temperature variables are the ones most 

related to risks / threats to coral reefs, according to the threat analysis performed with 

MaxEnt. 

2. It is necessary for Guatemala to finish refining the coral-reef layer that it started to generate 

with HRI. Nevertheless, its details should be improved in order to compare it with the 

information from the other 3 countries. 

3. More detailed analyses could be undertaken if there were more time because the area is 

very extensive, and the data files are very heavy if they are to be used at a finer scale. 

4. It is essential to pay more attention to the scenario for the quadrant analysis ƴŀƳŜŘ άƳƻǎǘ 

ǳǊƎŜƴǘέΣ ǎƛƴŎŜ ƛǘ Ƙŀǎ ŀ ƘƛƎƘ ŘŜƎǊŜŜ ƻŦ ōƛƻŘƛǾŜǊǎƛǘȅ ŀƴŘ ŀ ƘƛƎƘer degree of threat according to 

the analysis performed by MaxEnt and by quadrants. 

3.7.  Recommendations 

Perform constant monitoring, both in navigation routes and in wind speeds, in order to update the 

data in threat maps a least every quarter, since it was detected that these data are the ones that 

vary the most in the MAR region. 

Establish monitoring with remote sensors by using the SENTINEL2A (satellite images) of coral 

bleaching, which will reinforce the work already being performed by HRI but will reduce costs and 

time and can be performed monthly. 

3.8. Indicate the progress achieved by the Project, comparing it with the original timeline 

submitted and explain any delays   

To date, there have been no delays in programmed activities, according to the original timeline. The 

chlorophyll layer request by the committee could not be obtained. It was only possible to consult 

data on line, but an editable digital layer could not be generated. However, this has not delayed 

submittal of deliverables. 

4. Obstacles:   

There were no obstacles during this phase of the work. All objectives were achieved. 




