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GLOSSARY 
Term Definition Source 
Asexual 
reproduction 

Asexual reproduction occurs when one colony produces an additional 
colony that is genetically identical to itself without gametes involvement.  

NOAA Coral Disease and 
Health Consortium 

Coral assisted 
reproduction 

The process of facilitating coral reproduction through asexual or sexual 
reproduction.       

Coral reef Ecosystem composed of coral, its skeleton and other marine species 
associated with it, such as seagrass meadows. 

Puerto Rico Law 147 of 
1999 

Degree Heating 
Week (DHW) 

Shows how much heat stress has accumulated in an area over the past 
12 weeks by adding up any temperature exceeding the bleaching 
threshold during that time period.  

NOAA Coral Reef Watch 

Ecosystem-based 
approach to coral 
reef restoration 

Approach that incorporates the restoration of important organisms, 
such as herbivorous sea urchins and crabs, along with corals to restore 
balance to coral reef ecosystems and restore both physical structure 
and ecological function. 

The Institute for Socio-
Ecological Research  

Intervention 

Actions that protect reefs and encourage natural recovery processes 
can be thought of as “proactive” (also called passive interventions) and 
include examples such as marine protected areas and water quality 
management. These actions also support “reactive” interventions, 
commonly thought of as “restoration”. Reactive interventions involve 
measures that more directly assist in the recovery of reef functions or 
populations, should they not be able to recover naturally (McDonald et 
al. 2016). Examples include coral propagation and outplanting, algal 
removal, or substrate addition (Hein et al. 2020). 

A Manager’s Guide to 
Coral Reef Restoration 
Planning and Design 

Coral Resiliency The capacity of a reef to resist or recover from degradation and maintain 
provision of ecosystem goods and services. 

NOAA Coral Reef 
Conservation Program 

Coral Restoration The science and practice of rebuilding self-sustaining coral reefs to 
provide fish habitat, recreation, and protection for coastline.  

NOAA Coral Reef 
Conservation Program 

Coral Sexual 
Reproduction 

Sexual reproduction occurs through the production of gametes (eggs 
and sperm) that are mixed during spawning, where eggs are fertilized, 
and genetically unique embryos develop into larvae.  

NOAA Coral Disease and 
Health Consortium 
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EXECUTIVE SUMMARY   
  
The Puerto Rico Coral Reef Restoration Action Plan 
(Restoration Action Plan) aims to guide coral reef 
restoration in Puerto Rico from 2025 to 2035. The 
Restoration Action Plan is not intended to limit or prevent 
coral reef restoration actions outside of what is included in 
the Plan. Decisions for the Restoration Action Plan were 
made by a Core Team and based on the best available 
science and comments from Technical Advisors received 
through in-person and online meetings, workshops, and/or 
written comments.   
  
The overall goal of the Restoration Action Plan is:   
  

“To increase ecosystem function and health 
through improving the Biological Condition 
Gradient by one level at eight priority coral reef 
areas by 2036 through addressing population and 
diversity declines through restoration efforts to 
increase coral reef resilience”  

  
Through increasing coral reefs overall structure, diversity 
and health through the best use of coral restoration 
practices established in this plan, we hope to sustain 
Puerto Rico's fishing industry, coastal economies and 
natural barriers protecting property.   
  
The Biological Condition Gradient (BCG) (Santavy et al. 
2022a, Santavy et al. 2022b) is a framework that describes 
the biological condition or integrity of coral reefs in 

response to a gradient of anthropogenic stress. It uses a 
benthic index to measure change in the ecosystem. For 
more details on the BCG, please see Step 1, The Biological 
Condition Gradient. 
  
To provide adequate guidance while still allowing flexibility, 
projected restoration efforts were focused on eight priority 
areas and four secondary priority areas (Table 3, Table 4, 
and Figure 6) where restoration interventions will take 
place. The secondary priority areas will serve as backup 
restoration areas if restoration becomes infeasible at the 
primary sites, if reef condition or circumstances change, or 
if increased restoration efforts are needed on these reefs 
due to environmental conditions or other factors. 
Considering the changing environment and complexity of 
coral reef systems and coral reef restoration efforts, the 
Core Team highlighted the importance for the Restoration 
Action Plan to have maximum flexibility.   
  
Specific restoration objectives and interventions were 
identified for all priority areas (Table 6) and across the 
archipelago of Puerto Rico (Table 5). Objectives and 
interventions for the archipelago can be applied to all 
priority areas as needed. The established priority areas do 
not mean that coral reef restoration efforts in other 
locations could not take place.  
  
The Restoration Action Plan will undergo review and partial 
revision every one to two years to adjust priority areas and 
interventions and track progress towards objectives as 
needed. The Puerto Rico Department of Natural and 
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Environmental Resources will conduct a full review and 
revision of the Restoration Action Plan every five years as 
funding allows.   
 
INTRODUCTION  
  
IMPORTANCE AND CURRENT CONDITIONS OF  
CORAL REEFS IN PUERTO RICO   
   
Coral reefs in Puerto Rico are vital biological and ecological 
resources. They provide protection for coastal 
infrastructure and hold significant social, cultural, 
recreational, and economical value and are protected by 
several territory wide laws. Law 147 of 1999 declared that it 
is the public policy of the Commonwealth of Puerto Rico to 
protect, preserve and conserve coral reefs in the territorial 
waters, for the benefit and enjoyment of this and future 
generations. It further declared that it is in the public 
interest to urgently avoid and prevent continued and 
irreparable damage to coral reefs and the marine life 
associated with them. Law 72 of 2020 acknowledged that 
coral reefs constitute Puerto Rico’s first line of defense for 
the protection of our coasts. To prioritize and elevate their 
protection and conservation to the rank of law, the coral 
reefs located within Puerto Rico were declared as essential 
structures that protect and conserve Puerto Rico’s coasts 
and other ecosystems.  
  
Coral reefs provide important ecological services. Coral 
reefs help protect shorelines and prevent coastal erosion 
(Ferrario et al. 2014), supply sand to beaches, and serve as 

important spawning, nursery, breeding and feeding areas 
for a wide range of organisms (Moberg and Folk 1999). 
Coral reefs are also important for maintaining genetic 
diversity (Moberg and Folk 1999), and support other 
habitats such as seagrasses and mangroves, the pelagic 
food web, and nutrient cycles, through the movement of 
coral reefs organisms back and forth between habitats 
(Ogden and Gladfelter 1983, Ogden 1988, Parrish 1989, 
Hatcher 1988, Sorokin 1990).  
  
The benefits and risks to coral reefs in Puerto Rico are also 
generally well understood by the public. According to the 
2023 socioeconomic report of NOAA’s National Coral Reef 
Monitoring Program (NCRMP) over 80% of residents 
support management strategies to protect coral reefs, over 
80% of residents are familiar with common threats to coral 
reefs such as pollution, global stressors, lack of 
regulation/enforcement, and coral disease, and 89% of 
residents agree that coral reefs are important for coastline 
protection (Allen et al. 2024).   
 
Photo 1: Tres Palmas Acropora Palmata, Novemeber 2019 

 
Photo credit: Catalina Morales. 
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According to a study of different management scenarios to 
improve coral reef health conducted in 2016-2017:    

 

In reality, the direct economic benefit may be much higher 
as these numbers included tourists only and did not 
include recreation by Puerto Rican residents. 
 
However, Puerto Rico and the Caribbean have experienced 
significant declines in coral cover since the 1970s largely 
driven by anthropologic stressors including global 
stressors, overfishing, and coastal pollution (Jackson et al. 
2014). In particular, coral diseases, the sea urchin 
Diadema antillarum die off, hurricanes, severe coral 
bleaching events in 2005, 2010 and 2023-24, acute coastal 
pollution, and invasive species, among other impacts 

further reduced coral cover and impacted coral reef 
health.  
  
Long-term monitoring data from the Puerto Rico Coral Reef 
Monitoring Program, which was specifically designed to 
observe over time areas of high coral cover/healthy coral 
reefs, shows declines in coral cover over 90% at some 
stations since the first survey or “baseline survey” through 
2021 (Appendix C). Few monitoring stations show an 
increase in coral cover, and data collected after the 2023 
and 2024 bleaching events are expected to indicate further 
declines.   
  
CORAL REEF MANAGEMENT AND RESTORATION  
IN PUERTO RICO  
  
To help minimize the degradation of reefs, federal and 
Puerto Rico agencies, NGO’s, universities, researchers, 
and the private sector have invested in a variety of coral 
reef restoration projects throughout Puerto Rico since the 
1990’s (Figure 1 and Appendix A). In addition, the Puerto 
Rico Government has produced a variety of emergency 
response plans to address threats to coral reefs, such as 
vessel groundings, high wave energy events, and disease 
(Table 1). Marine protected areas (MPA’s), watershed 
management plans, and other management activities have 
also been developed to help protect and restore coral reefs 
in Puerto Rico.   
  
During the last decades, land-based (ex-situ) and in water 
(in-situ) infrastructure to support coral reef restoration in  
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Puerto Rico has expanded. There are two existing ex-situ 
nurseries, one ex-situ nursery in development, and 14 in-
situ nurseries. The two existing ex-situ nurseries are open 
systems with a total of 24 tanks, located in Ceiba and 
Lajas, and are owned and managed by the local 
organization ISER Caribe in association with the DNER and 
the UPR Marine Science Program, respectively. The new 
land-based nursery will be closed system with eight tanks, 
located at Interamericana University in Arecibo. The in-situ 
nurseries are located in the East, Southwest, West, and 
North coasts of Puerto Rico and in Culebra.   
 
Photo 2: CIROM’s land based (ex-situ) nurseries at Isla 
Magueyes 

  

 

Photo 3: Coral husbandry at CIROM’s land based (ex-situ) 
nurseries at Isla Magueyes  
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Figure 1: Timeline of Coral Reef Restoration Efforts in Puerto Rico 

 
 
Bruckner et al. 2009, NOAA 2027, CCRI 2025, NOAA 2025, NOAA 2023, DNER 2022a, DNER 2022b.   
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Table 1: Management Plans Pertaining to Coral Reef Restoration in Puerto Rico 
 

Management Plan Lead Agency Date 

Coral Reef Conservation Program Goals and Objectives 2010-
2015 NOAA CRCP 2009 

Puerto Rico’s Coral Reef Management Priorities DNER Coral Reef Conservation and 
Management Program and NOAA CRCP 2009 

Local Action Strategies (LAS) for Coral Reef Conservation 
2011-2015 NOAA CRCP 2011 

NOAA Coral Reef Conservation Program Strategic Plan NOAA CRCP 2018 
Rapid Response Protocol for Coral Reef Emergencies: To 
respond to the impacts of natural events with high wave 
energy 

DNER Coral Reef Conservation and 
Management Program 2019 

Stony Coral Tissue Loss Disease Puerto Rico Emergency 
Response Strategic Plan 

DNER Coral Reef Conservation and 
Management Program 2021 

Puerto Rico Coral Disease Action Plan 2022 DNER Coral Reef Conservation and 
Management Program 2022 

Emergency Response Strategy to the invasive octocoral of the 
Xeniidae family (under review by NOAA for permits) 

DNER Coral Reef Conservation and 
Management Program 2025 

National Coral Reef Resilience Strategy NOAA CRCP 2025 

  

https://coast.noaa.gov/data/coralreef_noaa_gov/conservation/resources/3threats_go.pdf
https://coast.noaa.gov/data/coralreef_noaa_gov/conservation/resources/3threats_go.pdf
https://www.coris.noaa.gov/activities/management_priorities/prico_mngmnt_clr.pdf
https://repository.library.noaa.gov/view/noaa/8069
https://repository.library.noaa.gov/view/noaa/8069
https://www.coris.noaa.gov/activities/strategic_plan2018/
https://www.drna.pr.gov/wp-content/uploads/2024/07/2021-Rapid-Response-Protocol-ENGLISH.pdf
https://www.drna.pr.gov/wp-content/uploads/2024/07/2021-Rapid-Response-Protocol-ENGLISH.pdf
https://www.drna.pr.gov/wp-content/uploads/2024/07/2021-Rapid-Response-Protocol-ENGLISH.pdf
https://www.drna.pr.gov/wp-content/uploads/2023/01/SCTLD-PR-Emergency-Response-Strategic-Plan_02012022.pdf
https://www.drna.pr.gov/wp-content/uploads/2023/01/SCTLD-PR-Emergency-Response-Strategic-Plan_02012022.pdf
https://www.drna.pr.gov/wp-content/uploads/2023/01/2022-Coral-Disease-Action-Plan.pdf
https://www.noaa.gov/sites/default/files/2024-06/PR_1_Nilda.pdf
https://www.noaa.gov/sites/default/files/2024-06/PR_1_Nilda.pdf


   
 

9 
 

PROJECT DESCRIPTION  
 
The Puerto Rico Coral Reef Restoration Action Plan (the 
Restoration Action Plan) is designed to guide coral reef 
restoration in Puerto Rico for the short, medium, and long 
term through setting a restoration goal, selecting sites for 
restoration, and prioritizing restoration interventions. The 
Restoration Action Plan is a high priority for all United 
States Coral Reef Jurisdictions and is supported by the 
United States Coral Reef Task Force and its Coral 
Restoration Working Group. The Restoration Action Plan 
will also be guided by and incorporate the National Coral 
Reef Resilience Strategy.  
 
The Restoration Action Plan acknowledges past and 
ongoing restoration projects, and the current conditions 
and circumstances affecting coral reefs. The Restoration 
Action Plan was completed using the best available data 
and comments from technical advisors and stakeholders 
to support the decision-making process. 
 
 
PLANNING PROCESS  
 
The overall planning process for the Restoration Action 
Plan was conducted using the process outlined in A 
Manager’s Guide to Coral Reef Restoration Planning and 
Design (Shaver et al. 2020: Figure 2).  The planning process 
also referenced completed Restoration Action Plans from 
other coastal states and territories for guidance and 
lessons learned (State of Hawaiʻi 2023, Hoot et al. 2021, 

Henderson et al. 2023, DCRM 2021, DMWR-CRAG 2021). In 
addition, previous management plans for marine and 
coastal resources for Puerto Rico and federal management 
plans were reviewed (NOAA CRCP n.d, NOAA CRCP 2009a, 
NOAA CRCP 2009b, DNER 2010, DNER 2021a, DNER 
2021b, DNER 2022: Table 1). 
 
The Restoration Action Plan was developed by a Core Team 
with input from Technical Advisors. The Core Team was 
responsible for all final decisions in the Restoration Action 
Plan and consisted of Coral Reef Resource Managers in 
Puerto Rico. Technical Advisors were selected by the Core 
Team to provide technical expertise and knowledge about 
the condition of local reefs, needs, and feasibility of 
restoration interventions. Two public webinars were also 
held through the Puerto Rico Department of Natural and 
Environmental Resources (DNER) Coral Reef Conservation 
and Management Program's monthly webinar series to 
increase public participation and spread awareness about 
the Restoration Action Plan.  
 
Photo 4: A recently outplanted coral fragment 

 
Photo credit: Héctor Ruiz 
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Figure 2: Steps for Restoration Planning (Shaver et al. 2020) 

 

 

CORAL REEF RESTORATION GOAL 
 
PROCESS FOR GOAL SETTING  
 
The Core Team met for a one day in person workshop on 
March 19th, 2024, to set the goal and geographic focus of 
the Restoration Action Plan. To aid in the goal setting 

process, the Core Team went through a series of exercises 
to identify threats to coral reefs and evaluate Puerto Rico’s 
capacity to implement coral reef restoration actions. 
Several follow up meetings took place virtually in April and 
May to refine the goal and set the metric to measure 
change in ecological function and health. 
 
THREATS TO CORAL REEFS IDENTIFIED BY CORE TEAM 
AND TECHNICAL ADVISORS  
 
Coral reefs in Puerto Rico have been affected by several 
threats. The top three threats identified by the Core Team 
that the goal addresses are: (1) thermal stress and oceanic 
changes, (2) poor water quality, and (3) coral populations 
and diversity declines. Thermal stress and oceanic 
changes include high water temperatures causing coral 
bleaching, sea level rise, more frequent and intense storm 
events causing corals to fracture and break, and increased 
disease prevalence. A recent paper by Mejias and Courtney 
(2024) found that bleaching was observed throughout 
Puerto Rico in 50% of the years since 1969, and that 
ecologically significant bleaching events occurred in 2005, 
2010, 2019 and 2023. Models under the very high 
greenhouse gas emissions scenario projected that annual 
severe bleaching [Degree Heating Week (DHW) ≥ 8] is 
already occurring across many areas in Puerto Rico (UNEP 
2020), which was observed in the back-to-back bleaching 
events that occurred in 2023 and 2024.  
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For coral disease, the Stony Coral Tissue Loss Disease 
(SCTLD) has been particularly harmful in the last decade, 
but other diseases such as white pox disease, white band 
disease, and yellow band disease among others, have also 
impacted coral populations (DNER 2025). For example, in 
the late 1970’s an outbreak of white band disease in the 
Caribbean led to a population loss of almost 80% of 
Acropora palmata and A. cervicornis corals (Aronson et al 
2001).  SCTLD was first reported in Florida in 2014 (AGGRA 
2025) and was identified in Puerto Rico in 2019. It impacts 
more than 30 species of corals, especially brain, pillar, star 
and starlet corals (AGGRA 2025). One study generalized 
that in the Mexican Caribbean, mortality rates of species 
ranged from 10 to 94%, with species of the family 
Meandrinadae (maze corals) and subfamily Faviinae (brain 
corals) sustaining losses of more than 50% between 2018-
2020 (Alvarez-Filip et al. 2022). This disease and others 
have impacted coral reef functionality in the Caribbean 
(Alvarez-Filip et al. 2009, Estrada-Saldívar et al. 2019, 
Cramer et al. 2020, Alvarez-Filip et al. 2022).  
 
Water quality impacts include both acute and chronic 
forms of pollution. For example, an event in August 2020 of 
unknown origin caused high mortality of corals in San Juan. 
Coral mortality was suspected to be due to low oxygen and 
high carbon dioxide levels (Workshop participants personal 
communication June 26, 2024). There are also reports of 
impacts from more chronic pollution at outfalls on the 
North coast and other areas. A current project to 
characterize water quality at the PR Coral Reef Monitoring 

Program (PRCRMP) sites may provide further information 
on impacts to coral reefs. 
 
Population and diversity declines include losses to coral 
populations and diversity due to the aforementioned 
threats, as well as losses to other important reef species 
such as the keystone herbivore, the sea urchin Diadema 
antillarum. The 1983-1984 D. antillarum die off resulted in 
an approximate 98% reduction in populations (Lessios 
2016), leading to dominance of filamentous algal turfs and 
macroalgae and decreased crustose coralline algae 
(Carpenter 1986, de Ruyter van Steveninck and Bak 
1986, Liddell and Ohlhorst 1986, Hughes et al. 
1987; Carpenter 1990). 
 
Other threats considered include invasive species, coastal 
development, predation of corals, overfishing, marine 
debris, vessel groundings, abandoned vessels, recreation, 
and lack of public understanding/awareness about corals 
and coral reef ecosystems. For invasive species, the recent 
outbreak of the pulsing soft coral is of particular concern to 
Puerto Rico’s corals. In Puerto Rico the pulsing coral Xenia 
umbellata was first identified in October 2023 in Guánica. 
This coral can be particularly invasive as it can regenerate 
after just 10 days if not fully removed, and loose fragments 
of the polyps can float in the water column and adhere to 
the substrate to colonize new places. The pulsing coral is 
currently reported in the South-southwest reefs in Puerto 
Rico.  
 

https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2022.1067449/full#B10
https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2022.1067449/full#B18
https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2022.1067449/full#B18
https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2022.1067449/full#B42
https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2022.1067449/full#B27
https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2022.1067449/full#B27
https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2022.1067449/full#B12


   
 

12 
 

Even though these threats are not explicitly presented in 
the goal, any of them could affect coral population and 
species diversity, which will be used as input in the reef 
index (Biological Condition Gradient) as a measure of 
progress for the final goal. 
 
FINAL GOAL 
 

“To increase ecosystem function and health 
through improving the Biological Condition 
Gradient by one level at eight priority coral reef 
areas by 2036 through addressing population and 
diversity declines through restoration efforts to 
increase coral reef resilience” 

 
However, the Biological Condition Gradient (BCG) 
acknowledges that some of its parameters are not 
common in all reefs, therefore a suitable metric for 
Acropora spp. dominated reefs will be achieving percent 
cover of 20% for Acropora spp. in the defined restoration 
area. This works towards the Endangered Species Act (ESA) 
Recovery Plan goal for Acropora palmata and Acropora 
cervicornis dominated reefs. 
 
This goal is intended to improve coral reef ecosystem 
function and health through addressing key threats of 
global environmental variations, coral reef organism 
population declines, and water quality. In addition, 
increasing coral reefs overall structure, diversity and health 
through the best use of coral restoration practices 
established in this plan, we hope to sustain Puerto Rico's 

fishing industry, coastal economies and natural barriers 
protecting property.  
 
THE BIOLOGICAL CONDITION GRADIENT 
 
In general, the biological condition gradient (BCG) is an 
important indication of the cumulative effects of 
anthropogenic stress on aquatic ecosystems, helping to 
assess and interpret changes in biological conditions along 
a gradient of increasing stress (Santavy et al. 2022a, 
Santavy et al. 2022b). Overall spatial changes in BCG 
scores can be attributed to a range of stressors, including 
human-induced environmental changes like pollution, 
habitat degradation, and global stressors, which lead to 
shifts in species composition, diversity, and ecosystem 
function.  
 
The BCG was developed specifically for coral reefs of 
Puerto Rico and the US Virgin Islands to facilitate 
ecologically meaningful management decisions. It uses a 
variety of benthic metrics to measure six biological 
condition levels ranging from undisturbed or natural (BCG 
level 1) to highly disturbed or degraded conditions (BCG 
level 6) (Figure 3 and Figure 4).  
 
The metric for the goal of the Restoration Action Plan is to 
improve the BCG at restoration sites in priority areas by 1 
level. For example, this could signify raising the BCG from 
level 6 to level 5 in 10 years, or level 4 to level 3 in 10 years 
in an effort to improve the biological condition of a reef and 
resulting ecosystem function and health.  
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The current BCG scores for the restoration site priority 
areas are summarized in Table 2 and Figure 5. The average 
BCG scores were calculated from data in long-term 
PRCRMP monitoring (shallow coral reef sites, 10m or less) 
sites located within the priority areas through use of the 
BCG Shiny App (ccri-uprm.shinyapps.io/BCG_Coral/). Not 
all priority areas had the same number of PRCRMP sites. 
The San Juan Barrier Reef, Vega Baja and Esperanza/Bahia 
Bioluminiscente de Vieques only had one PRCRMP site 
each located within the priority area boundaries, while La 
Parguera and the Guayanilla Outer reef priority areas each 
include PRCRMP sites representing multiple depths, and 
the Canal Luis Peña Area Reefs and Cordillera Area Reefs 
each include three PRCMP sites. 
 
The BCG values were first calculated per year and per site, 
then all BCG site averages were calculated by averaging all 
annual BCG values per site. These BCG scores do not 
account for bleaching events of 2023 and 2024, which may 
have further impacted coral reef communities and BCG 
scores. In addition, it is important to note that the BCG at 
restoration sites is likely different from the BCG at PRCRMP 
sites as restoration is not currently occurring at PRCRMP 
sites.  
 
As of the 2021-2023 PRCRMP monitoring cycles, the La 
Parguera and Vega Baja area reefs had the lowest BCG 
scores above 3 but below 4. The reefs at Culebra, 
Cordillera, Tres Palmas and San Juan had scores in the 
middle between 4 and 5. The reefs at Vieques and the 

Guayanilla Outer reefs had the highest BCG scores above 
5.  
 
Figure 3: Narrative Description of Levels of Biological 
Condition Gradient (Santavey et al. 2022a) 

 
 
The most recent PRCRMP surveys at some of these 
stations completed in 2024 indicate a decrease in the 
percent of stony coral cover, high stony coral species 
losses, and taxonomic phase shifts of stony coral 
dominance with an increasing benthic algae to stony coral 
cover ratio, so the current BCG scores may very well be 
higher than what is indicated in the table and graph 
(Garcia-Sais et al. 2024). For example, at the La Parguera 
area reefs, the baseline survey for the PRCRMP began in 

https://ccri-uprm.shinyapps.io/BCG_Coral/
https://ccri-uprm.shinyapps.io/BCG_Coral/
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2015 when there was evidence of massive degradation, 
perhaps related to the 2005 regional coral bleaching event. 
However, substrate cover by stony corals at these reefs 
remained stable due to growth of the Orbicella spp 
complex, until the 2022 survey when a large decline was 
measured, largely driven by a sharp reduction of cover by 
Orbicella spp. and attributed to coral disease infections, 
including SCTLD. Such drastic recent deterioration of the 
stony coral community appears to be associated with the 
2023 coral bleaching event and related mortalities induced 
by the recurrent coral disease outbreaks following 
bleaching. 
 
While the Guayanilla outer reefs are one of the reefs with 
the highest BCG scores, these reefs may currently also 
have an even higher BCG score as in the most recent 2024 
survey, reef substrate cover by stony corals had declined at 
these reefs and there has been a corresponding increment 
of cover by benthic algae (Garcia-Sais et al. 2024). Coral 
disease prevalence was high at these reefs during the 2022 
survey and disease infections (including SCTLD) appeared 
to be the main driver of substrate cover loss by stony 
corals. It is suggested that the high disease prevalence 
measured in the 2022 survey contributed to further stony 
coral mortalities measured in 2024.  
 

These data constitute solid evidence of an ongoing island 
wide chronic degradation of coral reef communities 
associated with drastic reductions of substrate cover by 
live stony corals. Disease-related coral losses may have 
also been exacerbated following the 2023 and 2024 global 
coral bleaching events affecting Puerto Rico.  
 

Figure 4: Photos Showing Equivalent Levels of Biological 
Condition Gradient Described in Figure 3 (Santavy et al. 
2022a) 
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Table 2: BCG Scores for Priority Areas 2021-2023 

Priority Area BCG Standard Deviation 
Culebra 4.6 .26 

Cordillera 4.2 .54 
Vieques 5.8 0 

Guayanilla 5.1 .63 
La Parguera 3.7 .66 
Tres Palmas 4 .97 

Vega Baja 3.8 .71 
San Juan Barrier Reef 4.9 .88 

Priority Area BCG Standard Deviation 
Culebra 4.6 .26 

Cordillera 4.2 .54 
Vieques 5.8 0 

Guayanilla 5.1 .63 
La Parguera 3.7 .66 
Tres Palmas 4 .97 

Vega Baja 3.8 .71 
San Juan Barrier Reef 4.9 .88 
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Figure 5: BCG Scores for Priority Areas 2021-2023 
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SITE SELECTION 
 
METHODOLOGY FOR SITE SELECTION  
 
Prior to the in-person workshops with the Core Team and 
technical advisors, a site selection matrix and Webmap was 
created to collect, compile, and visualize data. The full site 
selection matrix can be found in Appendix D. The site selection 
matrix automatically included all sites from long-term 
PRCRMP data. Additional sites and corresponding data were 
solicited from the technical advisors identified by the Core 
Team. The Core Team decided to include only PRCRMP sites as 
the base for the matrix because they are long-term monitoring 
sites surveyed every two years and thus can show change over 
time. 
 
Data included in the matrix focused on the following 7 
categories: 1) potential to improve condition; 2) resilience; 3) 
climate refugia; 4) human impacts; 5) management actions; 6) 
logistics and 7) community support. Basic data such as reef 
type, depth, location and region, and quantitative data from 
models or surveys was also filled in prior to the workshops.  
 
Post workshop, the Core Team met several times to discuss 
site prioritization and comments received from the technical 
advisory team. Considering comments received and in 
alignment with the areas of attention identified in the goal 

setting process, the Core Team decided to give double weight 
to areas with: 1) no take MPAs; 2) good water quality based 
on water quality monitoring data; 3) climate refugia; 4) strong 
community support, and 5) current or future restoration 
actions.  
 
FINAL SITE SELECTION  
 
Based on the site selection matrix and comments received in 
the workshop, the Core Team decided to prioritize eight (8) 
larger areas and selected four additional second priority areas 
(Table 3, Table 4 and Figure 6). The second priority areas will 
be treated as backup areas in case restoration becomes 
infeasible or conditions change at the priority areas.  
 
The Core Team decided on larger areas that encompass many 
sites instead of focusing on specific points. Acknowledging 
how dynamics reefs are, larger areas increase flexibility, 
support working in broader areas, and provide adaptability to 
changing threats. Restoration organizations can validate more 
specific site selection within the priority areas in the field. The 
Core Team also decided to select areas from all regions of the 
geographic focus area to increase access to restored coral 
reefs and encourage organizations throughout Puerto Rico to 
work in their local areas.  
  

https://tnc.maps.arcgis.com/apps/mapviewer/index.html?webmap=33cc114884ee4808af6d3898a3ada7b3
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Table 3: Priority Areas 

Area Brief Rational 

La Parguera Area 
Reefs  

 This area has strong community support from the University of Puerto Rico, Mayagüez Campus, 
Department of Marine Sciences (UPRM-DMS) and ISER’s Centro de Investigación y Restauración 
de Organismos Marinos (CIROM) ex-situ nurseries, current restoration efforts, good water quality, 
and relatively good climate refugia scores. There is also a strong connection between important 
ecosystems-coral reefs, mangroves and seagrasses and although Acroporid corals have recently 
experienced a major decline due to bleaching, past populations were abundant creating strong 
restoration opportunities. Reefs are within an MPA. 

Guayanilla Outer 
Reefs  

The Guayanilla reefs are important for safeguarding critical infrastructure and services and help 
protect the community. A large restoration effort was implemented by one of the energy 
companies, which currently finances water quality monitoring in the area.  It is also one of the 
biggest coral reef restoration projects after a major vessel grounding.  In addition, they currently 
house in-situ nurseries. Although they have some private support, greater support is needed, 
particularly after the earthquakes.  

Cordillera Area Reefs 
including Cayo Largo 

Although the overall climate refugia score is low, these reefs show better than average scores for 
projected annual bleaching, show good water quality, have current restoration efforts, support 
from the community and are within an MPA. Several restoration efforts have taken place in 
response to vessel groundings. There are also in-situ nurseries supporting the site and it is 
accessible by stakeholders conducting restoration. 

San Juan Barrier Reef 
 It is the most accessible reef to the largest metropolitan area and population in Puerto Rico (San 
Juan) and helps safeguard critical infrastructure. In addition, there are funded restoration projects 
and broad community support for the area.  
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Area Brief Rational 

Vega Baja Area Reefs 

It was recently designated as an MPA. The area anecdotally shows healthy populations of 
Orbicella and Acropora species of corals post 2023 bleaching, may have groundwater cooled 
reefs, and a gradient in depth, making it a potential area of climate refugia. These reefs also have 
some current restoration projects, strong community support, and are extremely accessible from 
shore. 

Tres Palmas 

It is a no take MPA, shows good water quality besides intermittent polluted water and debris from 
rivers and creeks, has strong community support and is a current restoration area. Although the 
matrix does not show strong climate refugia, according to a recent paper it has experienced less 
bleaching in the past and is a potential climate refugia (Mejias-Rivera and Courtney 2024). 

Canal Luis Peña Area 
Reefs including Dakiti 
and Punta Soldado 

These reefs show good water quality, the majority of the area is a no take MPA, there are current 
restoration projects, harbors various in-situ nurseries, targeted by academia for research, and 
strong community support.  

Bioluminescent Bay of 
Vieques Area Reefs 
including Esperanza, 
and Ensenada Honda 

These reefs show good water quality, have strong community support, and future multi-ecosystem 
projects are planned for the area. In addition, there were historically healthy populations of corals 
in this area which were likely destroyed during an acute strong storm event creating strong 
potential for restoration.  
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Table 4: Second Priority Areas 

Area Brief Rational 

Southwest 
Comandante Reefs  

There is strong community support, good water quality, and reports of very healthy coral and fish 
populations. It also has a historically strong population of Acroporids.  

Punta Arenas 
This area has historically strong populations of corals but was degraded due to SCTLD. However, it 
shows strong restoration potential as there are still big and healthy Orbicella corals and good reef 
structure. 

Los Corchos Area 
Reefs  

This site was added as the second priority or backup site in Culebra as it has many of the same 
characteristics and scores as Dakiti priority area but is farther offshore and has less impact from land-
based sources of pollution. There is also ongoing restoration work in this area that has shown 
success, as well as strong community support.  

West Reefs (El Negro, 
Guanajibo, 
Tourmaline)  

The West Reefs were selected as a backup for the West side of Puerto Rico, as the area shows 
potential climate refugia both in terms of the overall scores in the matrix and from anecdotal reports 
of cooler waters. The matrix also shows generally good water quality, though there may be some 
impacts from riverine pollution. There is also some restoration currently occurring in this area.  

  



   
 

21 
 

 

 

Figure 6: Map of Priority and Second Priority Areas 
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RESTORATION OBJECTIVES AND INTERVENTIONS 
 
PROCESS FOR RESTORATION OBJECTIVES AND 
INTERVENTION SETTING 
 
Prior to the Restoration Intervention workshops, an initial list of 
possible restoration interventions was compiled from Steps 1 and 
2 (goal setting and site prioritization) and the Webmap to identify 
possible threats, restoration opportunities, and interventions for 
priority areas. During the workshops, technical advisors added 
interventions to the list of possible restoration efforts and 
identified if they applied to specific priority areas only or to the 
entire Archipelago. Once interventions were identified, technical 
advisors scored the interventions that apply archipelago-wide 
based on effectiveness in achieving the restoration goal, feasibility 
to conduct the work, and flexibility to adapt to changing 
conditions (Appendix F).  
 
The Core Team met during a series of online meetings to set 
objectives based on recommendations gathered during the 
intervention workshops. Objectives were divided based on 
relevance or benefit to the entire archipelago or specific priority 
areas only.  
 

 
 

 
 
 
 
 
 
 
FINAL OBJECTIVES AND INTERVENTIONS 
 
Table 5 and Table 6 present the objectives and interventions 
recommended to achieve the goal of this plan. Table 5 shows 
objectives and interventions Archipelago-wide, Table 6 shows 
objectives and interventions for each priority area.  
 
Restoration as an endeavor represents a subset of activities that 
sometimes need more than interventions in the reef. Therefore, 
this action plan includes management interventions and research 
needs that support the restoration objectives presented. 
 
Objectives and interventions presented here are based on a reef 
ecosystem-based restoration approach. This approach 
recognizes the value of corals but also the need to support other 
species, such as herbivores and sponges, and connected coastal 
ecosystems, such as seagrasses and mangroves, which create 
conditions for coral reefs to thrive.  

 
 

Archipelago wide objectives: Could be implemented at some 
or all of the priority sites or are focused on increasing capacity 
or technologies archipelago wide. 

 

Priority area objectives: Are to be implemented in the 
particular priority area they are specified for.  

 

https://tnc.maps.arcgis.com/apps/mapviewer/index.html?webmap=33cc114884ee4808af6d3898a3ada7b3
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Table 5: Objectives and Interventions for the Archipelago  

Objective Coral Restoration Intervention Management Interventions  Research Need 
Resilient populations 
 
Increase the number of 
genotypes of resilient 
ESA, key reef building, 
and other species that 
have shown resilience 
to disease and 
bleaching events that 
are being used in coral 
restoration efforts by 
25. Use genotyped 
corals to produce 
colonies for 
outplanting. 
Survivorship of 
outplanted corals is at 
least 25% within the 10-
year period of the 
Restoration Action 
Plan. 
 
 
 
 
 
 

- Genotype a subset of A. palmata 
corals1. Timeline 1-3 years. 
 

- Genotype a subset of non-
acroporid ESA, key reef building, 
and other species of corals. 
Timeline 1-3 years. 

 
- Tag and monitor species of donor 

corals susceptible to disease that 
have not been infected. Timeline 
1-5 years. 

 
- Tag and monitor ESA, key reef 

building, and other species that 
have survived bleaching events. 
Timeline 1-5 years. 

 
- Use marked colonies for 

collection of gametes during 
sexual reproduction or as donor 
colonies for asexual reproduction 
at in-situ or ex-situ nurseries and 
keep track of their source and 
outplant location. Timeline 1-5 
years. 

 

- Develop a robust genetic 
database on corals that have 
survived the bleaching and 
disease events. Timeline 1-5 
years. 
 

- Use the established coral 
genetic plan/guidance 
document2 to create coral 
genetic best management 
practices for restoration and 
tracking of genotypes, define 
the need for expanding the 
coral gene bank, and use the 
collected genetic information 
to expand genetic diversity in 
coral restoration efforts. 
Timeline 1-10 years. 

 
 
 
 
 
 
 
 
 

- Assess the effectiveness of 
different coral restoration 
interventions at achieving 
improved ecological function 
and health. Metrics to 
measure effectiveness could 
include percent cover, growth 
rates, or mortality. Timeline 1-
5 years. 
 

- Conduct genetic and 
environmental studies on 
corals that have survived the 
disease and/or unprecedent 
bleaching events to better 
understand their resilience to 
these events and contribute to 
producing corals for 
outplanting that are more 
disease and bleaching 
resistant. Timeline 1-3 years.  

 
- Design and implement a 

genetic study for the seven 
ESA corals, key reef building, 
and resilient species such as 
Pseudodiploria spp. 

 
1 Coral Restoration Foundation (CRF) and Sea Ventures projects funded by NOAA CRCP 
2 DNER Coral Reef Program has funded the creation of a plan for genetic resilience in coral reef restoration. The Plan is expected to be completed by 2027. 
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Objective Coral Restoration Intervention Management Interventions  Research Need 
 
 
 
 
 
 
 
 
 
 
 

- Develop an indoor facility to 
biobank known genotypes of coral 
species. Timeline 1-10 years. 

 
- Save and maintain resilient 

colonies of ESA and key reef 
building species in the genetic 
bank and track outplant 
survivorship. Timeline 1-10 years. 

 
- Conduct monitoring and 

maintenance of at least 25% of 
outplanted resilient corals over 
regular intervals. Timeline 1-10 
years. 

 
- Conduct stress hardening for 

corals in ex-situ nurseries to 
produce corals more resilient to 
bleaching and outplant corals 
generated by this method. Follow 
research on stress hardening to 
learn effectiveness of efforts in 
the wild. Timeline 1-10 years.  

 
 
 
 
 
 
 
 
 
 
 
 

 

representative of the 
populations through the 
Archipelago for genetic 
banking. Sample a minimum of 
25 colonies (if available) of 
each ESA listed coral at each 
priority area. Timeline 1-10 
years. 

Population Recovery 
 
Produce at least 2,500 
corals of ESA, key reef 
building or resilient 

- Maintain D. cylindrus nursery and 
A. palmata outplants to maximize 
survivorship3. Timeline 1-3 years. 
 

- Activate the Coral Program 
interagency Advisory 
Committee as mandated on 
Law 147 of 1999 to support 
coral reef management and 

- Conduct a literature review 
(state of science) of coral 
larvae connectivity in Puerto 
Rico to define management 
actions and research needs 

 
3 CRF project funded by NOAA CRCP 
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Objective Coral Restoration Intervention Management Interventions  Research Need 
corals through sexual 
reproduction and 
increase capacity for 
sexual reproduction to 
be less reliant on 
asexual reproduction. 
 

 
Increase herbivory 
through the restocking 
of a variety of 
herbivores and restore 
coral diversity through 
asexual and sexual 
production techniques 
in at least 50% of 
existing restoration 
sites in priority areas to 
improve the reef’s 
function and health. 
 
 
 
 
 
 
 
 
 
 
 

- Increase in-situ infrastructure that 
facilitates assisted sexual 
reproduction of corals. Examples 
of infrastructure that could be 
created include coral cribs, 
seeding tents, and larval cradles. 
Timeline 1-5 years.  

 
- Increase ex-situ infrastructure 

and capacity that facilitates 
assisted sexual reproduction of 
corals. Examples of infrastructure 
that could be created include 
larval rearing labs from spawning 
in wild coral colonies or spawning 
from colonies in land-based 
nurseries. Timeline 1-5 years. 

 
- Increase ex-situ infrastructure 

and capacity that facilitates 
asexual reproduction of corals. 
Examples could be new or existing 
land-based nurseries. Timeline 1-
5 years. 

 
- Increase species of corals 

reproduced by assisted sexual 
reproduction by at least two 
species. Include Acropora 
palmata as one of the species if 
feasible. Timeline 1-5 years. 

restoration. Discuss their role 
in coral restoration and how 
they can support the 
implementation of this plan. 
Timeline 1-3 years. 
 

- Quantify how much tank 
capacity in ex-situ nurseries is 
needed and their location to 
hold the proposed increase in 
coral fragments and other reef 
restoration species to 
accomplish these objectives. 
Timeline 1-3 years. 

 
- Develop a jurisdictional 

propagation action plan that 
will tie into the regional 
rescue/propagation efforts. 
Focuses on reproduction of all 
ESA species, starting with 
Dendrogyra cylindrus as an 
endangered species and then 
Acroporids for its primary role 
in coastal restoration in Puerto 
Rico. Timeline 1-3 years. 

 
- Establish criteria for prioritizing 

species for reef restoration 
projects, using classifications 
such as ESAs, BCG, SCTLD 

that could guide coral 
restoration including assisted 
sexual reproduction. Timeline 
1-3 years. 
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Objective Coral Restoration Intervention Management Interventions  Research Need 
 
 
 
 
 
 
 

 
- Release herbivores at existing 

restoration sites where corals 
have been outplanted, but 
herbivores have not been released 
to control algae and increase 
coral outplant success. Timeline 
1-5 years. 

 
- Increase coral diversity of ESA, 

reef building and resilient corals 
at existing restoration sites 
through outplanting diverse coral 
species. Timeline 1-5 years. 

 
- Increase species of non-corals at 

existing restoration sites, such as 
sponges and other non-corals 
important for ecosystem function 
and health. Timeline 1-10 years. 

susceptible species, key reef 
building species, and species 
that have shown resilience to 
bleaching and disease, among 
others. Classify these 
according to the reef services 
that are to be restored. 
Timeline 1-5 years. 

 
- Maintain annual inventory of 

coral in-situ and ex-situ 
nursery efforts, including 
location, number of corals and 
species, number of units 
(tanks, trees, etc.), manager, 
permits. Timeline 1-10 years. 

 
- Maintain annual inventory of 

outplanting efforts including 
species, source and 
outplanting sites, and number 
of fragments. Timeline 1-10 
years. 
 

- Complete Federal Recovery 
Plans for all ESA Species. 
Timeline 1-10 years. 
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Objective Coral Restoration Intervention Management Interventions  Research Need 
Water Quality 
 
Monitor water quality 
parameters such as 
oxygen, nitrates, 
phosphates, 
temperature, among 
others, in all priority 
sites. Use information 
gathered to understand 
how water quality 
impacts coral reefs and 
catalyze capacity 
building.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Establish permanent water quality 
monitoring stations at all priority 
areas4. Timeline 1-3 years. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Create a working group with 
the DNER Water Quality Area 
and the PR Aqueduct Authority 
to discuss water quality 
concerns affecting or possibly 
affecting priority reef areas. 
Timeline 1-3 years. 
 

- Maintain water quality 
monitoring at established 
water quality monitoring 
stations. Timeline 1-10 years. 
 

- Monitored water quality values 
to be kept with the established 
protective limits for coral 
reefs. When limits are beyond 
the established criteria, use 
DNER's Coral Conservation 
and Management leadership to 
activate emergency protocols 
and convene with the 
Interagency Committee, as 
needed. Timeline 1-10 years. 

 
- Design and long-term 

implementation of 
educational/ capacity building 
programs to address root 

- Produce area-wide 
characterizations of reef water 
quality and evaluate how water 
quality is related to reef 
resilience or restoration 
success. Timeline 1-10 years. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
4 Funded and in-progress through the DNER Coral Reef Program 



   
 

28 
 

Objective Coral Restoration Intervention Management Interventions  Research Need 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

causes of impaired water 
quality. Timeline 1-10 years. 
 

- Expand and strengthen 
community water quality 
monitoring programs through 
collaboration with DNER, 
NOAA, and EPA. Timeline 1-10 
years. 

 
 
 
 
 
 
 
 

Invasive Species 
 
Increase awareness of 
the invasive pulsing 
corals, expand the 
monitoring area of 
pulsing corals by 10% 
and implement control 
measures to reduce 
colonization over reef 
substrate. 

- Expand monitoring efforts through 
the Archipelago to identify 
possible patches of pulsing 
corals. Timeline 1-3 years. 
 

- Implement process and build 
capacity for rapid interventions to 
control its expansion.  Timeline 1-
3 years. 

- Outreach and education to 
members of the industry or 
aquarists on best 
management practices, the 
impact of invasive species 
releasement to the natural 
environment, legal framework 
applicable, and how they can 
support the efforts to reduce 
the impact of invasive species 
in the marine environment5. 
Timeline 1-3 years. 

- Investigate genetic 
connectivity for invasive soft 
corals in Puerto Rico6. 
Timeline 1-3 years. 

 
- Evaluate effective removal 

efforts for pulsing corals in 
Puerto Rico and create a 
standard protocol for the 
mitigation and 
removal. Timeline 1-5 years. 

Emergency Response 
 
Reduce colonies with 
SCTLD in priority areas 
by 10% to reduce the 
loss of live coral cover 
and remediate 75% of 
coral reef area in 

- Follow emergency response 
protocols for bleaching 
established by the DNER Coral 
Program. Timeline 1-10 years. 
 

- Continue antibiotic treatment of 
SCTLD infected species and 

- Continue training volunteers to 
provide treatment for SCTLD 
infected corals and monitor 
the response. Timeline 1-5 
years. 
 

- Remove abandoned vessels 
and marine debris that 

- Develop species-specific coral 
treatment interventions within 
in-situ nurseries for supporting 
coral health. Timeline 1-10 
years. 
 

- Analyze bacterial communities 
of stony corals in nurseries 

 
5 Funding allocated by the DNER Coral Reef Program 
6 Funding allocated by the DNER Coral Reef Program 
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Objective Coral Restoration Intervention Management Interventions  Research Need 
priority areas from 
damage caused by ship 
groundings, high wave 
energy events, and 
marine debris. 
 
 
 
 
 
 
 

monitor the response. Timeline 1-
10 years. 
 

- Rescue at least 25% of corals 
impacted by high wave energy 
events and/or groundings as reef 
remediation. Timeline 1-10 years 

- Stabilize impacted coral 
fragments to increase the 
probability of survivorship (triage). 
Prioritizing by size and ESA 
species, following the Rapid 
Response Protocol to Coral Reef 
Emergencies. Timeline 1-10 
years 

 
- Utilize storm modeling to select 

sites protected from storms for 
restoration planning. Timeline 1-
10 years. 

threaten coral reefs and 
seagrasses. Timeline 1-5 
years. 

 
- Conduct education and 

outreach campaigns to 
prevent recreational impact on 
reefs, specifically signs 
marking restoration sites and 
mooring installation and 
maintenance.  Timeline 1-5 
years. 

 
- Follow-up with the legal 

processing of grounding cases 
to get the funds to cover the 
restoration and monitoring 
through time. Timeline 1-10 
years. 

and outplanted corals to 
understand the difference 
between resilient and non-
resilient coral 
colonies/species. Timeline 1-
5 years. 

 
 
 
 
 
 

 

 

 
 

https://www.drna.pr.gov/wp-content/uploads/2024/07/2021-Rapid-Response-Protocol-ENGLISH.pdf
https://www.drna.pr.gov/wp-content/uploads/2024/07/2021-Rapid-Response-Protocol-ENGLISH.pdf
https://www.drna.pr.gov/wp-content/uploads/2024/07/2021-Rapid-Response-Protocol-ENGLISH.pdf
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Table 6: Objectives and Interventions for Priority Areas 

Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

La Parguera 
Area Reefs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Restore and 
maintain at least 
7,200 m2 of coral 
reef through an 
ecosystem-based 
approach.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Propagate 1,000 D. 
cylindrus colonies within 
in-situ coral nurseries in 
Palominos, Guanica and La 
Parguera7. Timeline 1-3 
years. 
 

- Outplant at least 20,000 
coral microfragments of 
reef building species at San 
Cristobal Reef and 
Atravesado Reef (40,000 
total)8. Timeline 1-3 years. 

 
- Outplant at least 1,000 

coral fragments of 
Acropora palmata at San 
Cristobal Reef and 
Atravesado Reef (2,000 
total)9. Timeline 1-3 years. 

 
- Release at least 1,600 sea 

urchins of different species 
(1,000 of which should be 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
7 CRF project funded by NOAA CRCP 
8 ISER project funded by NOAA CRCP 
9 ISER project funded by NOAA CRCP 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diadema antillarum) at San 
Cristobal Reef and 
Atravesado Reef (3,200 
total) to control algae and 
increase outplant 
success10. Timeline 1-3 
years. 

 
- Release at least 100 

Caribbean King Crabs, 
Maguimittrax 
spinosissimus, at San 
Cristobal Reef and 
Atravesado Reef (200 total) 
to control algae and 
increase outplant 
success11. Timeline 1-3 
years.    

 
Maintain restoration sites 
through increasing density 
and diversity of coral 
colonies, releasing 
additional herbivores, and 
other actions to maintain 
coral reef ecosystem 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
10 ISER project funded by NOAA CRCP 
11 ISER project funded by NOAA CRCP 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 

 
 

function and health. 
Timeline 1-10 years.  

 
 

 
 

La Parguera 
Area Reefs 
 

2. Recover available 
substrate already 
identified as 
colonized by  
pulsing corals by 
25% to increase the 
available substrate 
for coral 
recruitment. 
 
 

− Cover the pulsing corals 
invasive coral with a 
cement/marmoline mix to 
create available surface for 
coral recruitment while 
reducing the cover of the 
invasive species. Timeline 
1- 3 years 
 

− Review DNER’s guidelines 
for the response to pulsing 
corals and implement 
suggested actions. 
Timeline 1- 3 years 
 

− Continue monitoring the 
area to identify and 
respond to the expansion 
of pulsing corals in a timely 
manner. Timeline 1- 10 
years 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

La Parguera 
Area Reefs 
 
 
 
 

3. Reduce by 25% 
the number of 
impacts to sensitive 
coral reef areas 
caused by boaters 
and other users.  

 
 
 
 
 

 

- Install and maintain 
coral reef marker 
and/or buoy(s) at the 
previously identified 
coral reef restoration 
area of San Cristobal 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

that has been 
identified as a source 
of frequent ship 
groundings. Timeline 
1-3 years. 

 
- Identify other sensitive 

coral reef areas or 
restoration sites that 
are at risk from 
boaters and other 
recreation, install 
coral markers and/or 
buoys, and perform 
other protection 
measures as needed.  
Timeline 1-3 years. 

 
 
 
 
 
 
 
 
 
 
 
 

Guayanilla 
Outer Reefs 
 
 
 
 
 
 
 
 
 
 

1. Restore and 
maintain at least 
3,000 m2 of the coral 
reef through an 
ecosystem-based 
restoration 
approach to 
strengthen 
ecosystem function 
and health. 
 
 

- Identify sources of corals 
and herbivores for 
restoration. Sources of 
corals could be from in-situ 
or ex-situ nurseries, 
translocated, or other. 
Timeline 1-5 years.    
 

- Outplant at least 5,000 
coral fragments produced 
sexually or asexually from 
resilient corals, if feasible 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

focus some of the 
outplanting on Acropora 
corals and key reef building 
species to create structure 
and resiliency. Timeline 1-
10 years.    

 
- Release at least 500 

herbivores of different 
species including urchins 
and crabs to control algae 
and increase outplant 
success. If feasible, 
include Diadema 
antillarum as an herbivore 
for release. Timeline 1-10 
years 

 
- Restore the cay’s structure 

lost due to earthquakes by 
reducing the wave energy 
with mangrove and 
seagrass restoration12. 
Timeline 1-10 years 

 
- Maintain restoration sites 

through increasing density 
and diversity of coral 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
12 Current project of the DNER Coral Reef Program 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 

 
 
 
 

colonies, releasing 
additional herbivores, and 
other actions to maintain 
coral reef ecosystem 
function and health. 
Timeline 1-10 years. 

 
 
 
 

 
 
 
 
 
 

Guayanilla 
Outer Reefs 
 

2. Recover available 
substrate already 
identified as 
colonized by pulsing 
corals 
by 25% to increase 
the available 
substrate for coral 
recruitment. 
 
 

- Cover the invasive pulsing 
corals coral with a 
cement/marmoline mix to 
create an available surface 
for coral recruitment while 
reducing the cover of the 
invasive species. Timeline 
1- 3 years 
 

- Review DNER’s guidelines 
for the response to pulsing 
corals and implement 
suggested actions. 
Timeline 1- 3 years 
 

- Continue monitoring the 
area to identify and 
respond to the expansion 
of pulsing corals in a timely 
manner. Timeline 1- 10 
years 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

Arrecifes de la 
Cordillera 
including Cayo 
Largo 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Restore and 
maintain at least 
7,200 m2 of coral 
reef through an 
ecosystem-based 
approach. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Propagate and outplant 
4,500 total colonies of 
Acropora palmata on a 
footprint of at least 1,000 
m2 at Cayo Largo utilizing 
the direct outplanting 
(cuttings), and sourcing 
corals of opportunity13. 
Timeline 1-3 years. 
 

- Outplant at least 20,000 
coral microfragments of 
reef building species at 
Cayo Largo Reef and San 
Sebastian Reef (40,000 
total)14. Timeline 1-3 
years. 
 

- Release at least 1,600 
urchins of different species 
(1,000 of which should be 
Diadema antillarum) at San 
Sebastian Reef (3,200 
total) to control algae and 
increase outplant 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
13 CRF project funded by NOAA CRCP 
14 ISER project funded by NOAA CRCP 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

success15.  Timeline 1-3 
years. 

 
- Release at least 100 

Caribbean King Crabs, 
Maguimittrax 
spinosissimus, at San 
Sebastian Reef (200 total) 
to control algae and 
increase outplant 
success16.  Timeline 1-3 
years. 

 
- Maintain restoration sites 

through increasing density 
and diversity of coral 
colonies, releasing 
additional herbivores, and 
other actions to maintain 
coral reef ecosystem 
function and health. 
Timeline 1-10 years. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
15 ISER project funded by NOAA CRCP 
16 ISER project funded by NOAA CRCP 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

Arrecifes de la 
Cordillera 
including Cayo 
Largo 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Increase Acropora 
palmata and other 
species abundance 
and genetic diversity 
across 30,000 m2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Propagate and outplant 
33,000 colonies of A. 
palmata at Cayo Largo reef 
utilizing a combination of 
the direct outplanting 
(cuttings) and sourcing 
corals of opportunity 
techniques17. Timeline 1-3 
years. 
 

- Genotype a subset of the A. 
palmata corals18. Timeline 
1-3 years. 
  

- Source, propagate and 
outplant 4,700 multi-
species non-acroporid 
corals, including Orbicella 
spp. Sourced from rescuing 
at risk corals19. Timeline 1-
3 years. 
 

- Expand genetic rescue of A. 
palmata genotypes at ISER-

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
17 Sea Ventures project funded by NOAA CRCP 
18 Sea Ventures project funded by NOAA CRCP 
19 Sea Ventures project funded by NOAA CRCP 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 
 
 
 

 
 
 
 
 
 
 
 

CIROM nursery in Ceiba20. 
Timeline 1-3 years. 

 
Maintain restoration sites 
through increasing density 
and diversity of coral 
colonies, releasing 
additional herbivores, and 
other actions to maintain 
coral reef ecosystem 
function and health. 
Timeline 1-10 years. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Arrecifes de la 
Cordillera 
including Cayo 
Largo 
 
 
 
 
 
 
 
 
 
 
 

3. Increase by 25% 
engagement with 
boat owners and 
recreators, and 
increase 
management 
capacity, to reduce 
the number of 
known impacts to 
sensitive coral reef 
areas caused by 
boaters and other 
users. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Insert content on 
reducing impacts to 
coral reefs caused by 
boaters in 
Navigational 
courses. Timeline 1-5 
years. 
 

- Activate the Arrecifes 
La Cordillera 
Community Board to 
continue outreach and 
education to the 
tourism sector, and 
boatowners, about 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
20 Sea Ventures project funded by NOAA CRCP 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

reef’s best 
management practice. 
Timeline 1-10 years.  
 

- Increase capacity for 
response to 
groundings and 
conduct assessments 
for restoration. 
Timeline 1-10 years. 
 

- Require licenses for 
boaters. Timeline 1-
10 years. 

 
- Conduct awareness 

campaigns in boating 
events to impact a 
greater number of 
members of the 
nautical communities. 
Timeline 1-10 years. 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

San Juan 
Barrier Reef 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Restore and 
maintain 5 km of 
coral reef from 
Punta Las Marias to 
Escambrón through 
an ecosystem-
based approach. 
Increase diversity 
through outplanting 
ESA listed, key reef 
building, a resilient 
species, and 
strengthen its 
capacity as a 
coastal barrier 
through outplanting 
corals.  
 
 
 
 
 
 
 
 
 
 

- Design and install artificial 
coral-like cement 
structures with outplanted 
corals. The cement 
structure will provide 
protection while 
outplanted corals grow21. 
Timeline 1-5 years. 
 

- Outplant at least 5,000 
corals22. Timeline 1-5 
years.  

 
- Release at least 2,000 

herbivores such as urchins 
and crabs to control algae 
and increase outplant 
success. Timeline 1-5 
years. 

 
- Outplant at least 15,000 

multi-species corals ESA 
listed, key reef building, a 
resilient species. Timeline 
1-10 years. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
21 Expected funded from FEMA Hazard Mitigation Program 
22 Expected funded from FEMA Hazard Mitigation Program 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

- Maintain restoration sites 
through increasing density 
and diversity of coral 
colonies, releasing 
additional herbivores, and 
other actions to maintain 
coral reef ecosystem 
function and health. 
Timeline 1-10 years. 

 
 
 
 
 

 
 
 
 
 
 

San Juan 
Barrier Reef 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Understand the 
top 5 factors 
affecting water 
quality in the SJ 
Barrier Reef that 
could have an 
impact on coral 
restoration efforts in 
this area, and 
control pollution 
from specific 
outfalls impacting 
coral reefs.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Make and implement 
pollution control plans 
for identified outfalls 
and sources. Timeline 
1-10 years. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Identify specific 
outfalls that 
pollute and 
impact coral 
reefs. Timeline 
1-3 years. 
 

- Conduct source 
tracking study on 
those outfalls 
that pollute coral 
reefs. Timeline 
1-5 years. 

 
- Design and 

conduct a study 
to understand 
what every 
potential source 
provides to the 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 

reef’s water 
quality through 
time. 
Considering 
existing outfalls, 
storm water, and 
other urban 
runoff. Timeline 
1-5 years. 

Vega Baja Area 
Reefs  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Prevent the 
reduction of 
Acropora palmata 
live coral cover by 
no more than 10%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- In-situ genetic banking 
through outplanting at 
least 300 fragments of 
Acropora palmata at about 
20 feet. Timeline 1-10 
years. 
 

- Direct transplantation/ 
stabilization of Acropora 
palmata after storm 
events, ship groundings or 
other disturbances. 
Timeline 1-10 years. 

 
- Managed the relocation of 

Acropora palmata between 
Vega Baja and other areas 
of the archipelago to 
increase the genetic 

− Complete the 
management plan for 
recently designated 
MPA Reserva Natural 
de los Jardines 
Submarinos de Vega 
Baja y Manatí. 
Timeline 1-3 years. 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 

 
 

diversity at the outplanting 
site. Timeline 1-10 years.    

 
 

 
 

Vega Baja Area 
Reefs  
 

2. Increase by 25% 
engagement with 
boatowners and 
recreators to reduce 
the number of 
known impacts to 
sensitive coral reef 
areas caused by 
boaters and other 
users. 

 
 
 
 
 

− Install and maintain 
coral reef marker(s) at 
the previously 
identified coral reef 
restoration area that 
has been subject to 
groundings. Timeline 
1-3 years. 
 

− Identify other sensitive 
coral reef areas or 
restoration sites that 
are at risk from 
boaters and other 
recreation, install 
coral markers and/or 
buoys, and perform 
other protection 
measures as needed. 
Timeline 1-3 years. 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

Tres Palmas 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Restore and 
maintain at least 
7,200 m2 of coral 
reef through an 
ecosystem-based 
approach. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Outplant at least 40,000 
coral microfragments of 
reef building species at 
Calle Surf Reef23. Timeline 
1-3 years. 
  

- Outplant at least 2,000 
coral fragments of 
Acropora palmata at Calle 
Surf Reef24. Timeline 1-3 
years. 

 
- Release at least 3,200 

urchins of different species 
(2,000 of which should be 
Diadema antillarum) at 
Calle Surf Reef to control 
algae and increase 
outplant success25. 
Timeline 1-3 years. 

 
- Release at least 200 

Caribbean King Crabs, 
Maguimittrax 
spinosissimus, at Calle 
Surf Reef to control algae 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
23 ISER project funded by NOAA CRCP 
24 ISER project funded by NOAA CRCP 
25 ISER project funded by NOAA CRCP 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

and increase outplant 
success26.  Timeline 1-3 
years. 

 
- Maintain restoration sites 

through increasing density 
and diversity of coral 
colonies, releasing 
additional herbivores, and 
other actions to maintain 
coral reef ecosystem 
function and health. 
Timeline 1-10 years. 

 
 
 

 

 
 
 

 

Tres Palmas 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Restore and 
maintain at least 
2,000 m2 of 
Acropora palmata 
reef  
 
 
 
 
 
 
 
 
 

- Outplant at least 500 
Acropora palmata 
fragments to work towards 
achieving ESA Recovery 
plan objective of colonies ≥ 
1 m diameter in size at a 
density of 0.25 colonies per 
m2 or live benthic cover of 
approximately 60 percent. 
Timeline 1-5 years. 
 

- Utilize genetic sampling 
and a variety of restoration 
techniques such as 

- Conduct periodic 
marine debris removal 
due to its impact to 
corals and coral 
restoration efforts. 
Timeline 1-10 years 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
26 ISER project funded by NOAA CRCP 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

transplanting from reefs 
around the island, 
recovering fragments after 
storm events, direct 
cuttings, outplanting 
fragments from in-situ and 
ex-situ nurseries and other 
as applicable to work 
towards achieving ESA 
Recovery plan goal for 
genetic diversity in restored 
area (i.e., maintain current 
overall average genotypic 
diversity (proportion of 
unique genotypes per 
number of colonies 
sampled) of approximately 
0.5 across these species’ 
range). Timeline 1-10 
years. 

 
- Maintain restoration sites 

through increasing density 
of coral colonies, releasing 
additional herbivores, and 
other actions to maintain 
Acropora palmata reef. 
Timeline 1-10 years. 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

Canal Luis 
Peña Area 
Reefs Including 
Dakiti and 
Punta Soldado 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Stabilize 5,000 m2 
of substrate for 
coral recruitment 
through the 
reduction of algae 
cover and restore 
and maintain at 
least 4,000 m2 of 
coral reef through an 
ecosystem-based 
restoration 
approach. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Conduct physical 
substrate stabilization of 
rubble in area to be 
restored. Timeline 1-5 
years. 
 

- Outplant at least 20,000 
coral fragments of ESA 
listed, key reef building, 
and resilient species. 
Timeline 1-10 years.  
   

- Release at least 2,000 
herbivores, including 
Diadema antillarum if 
feasible. Timeline 1-10 
years.    
 

- Utilize managed relocation, 
such as transporting 
colonies from other reefs 
to outplant additional 
species from coral 
colonies that have shown 
resilience to bleaching and 
disease events. Timeline 
1-10 years.    

 

- Engage the local 
community in the 
rearing, maintenance, 
and outplanting of sea 
urchins. Timeline 1-10 
years. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Evaluate new 
methods to 
reduce the 
coverage of the 
nuisance specie 
algae 
Ramicrusta spp. 
Timeline 1-3 
years. 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

  
 
 
 
 
 
 
 
 

- Maintain restoration sites 
through increasing density 
and diversity of coral 
colonies, releasing 
additional herbivores, and 
other actions to maintain 
coral reef ecosystem 
function and health. 
Timeline 1-10 years. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

Canal Luis 
Peña Area 
Reefs Including 
Dakiti and 
Punta Soldado 
 

2. Remove 50% of 
the grounded 
vessels. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

- Implement existing 
tools and capacity to 
remove grounded 
vessels. Timeline 1-3 
years.  

- Increase local 
capacity through 
training and providing 
gear and equipment, 
to evaluate the impact 
of grounded vessels to 
corals and support 
their removal. 
Timeline 1-5 years.    

 
 
 
 
 
 
 
 
 
 
 
 
 

Bioluminescent 
Bay of Vieques 
area reefs 
including 
Esperanza 
 

1. Establish at least 
one coral nursery in 
Vieques. 
 
 
 

- Identify initial method of 
reproduction (sexual or 
asexual or mix of both). 
Timeline 1-3 years. 
 

-  Identify 
organization(s) to 
establish partnerships 
for the development of 
coral nursery(s). 
Timeline 1-3 years.  
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

- Identify and secure site(s) 
for nursery. Timeline 1-5 
years. 
 

- Complete permitting for 
nursery(s). Timeline 1-5 
years. 
 

- Construct nursery(s). 
Timeline 1-10 years.  

 
- Identify donor colonies or 

colonies for sexual 
reproduction from diverse 
species. Timeline 1-10 
years. 

   
- Identify funding 

sources for 
establishment of 
nursery(s) and secure 
funding. Timeline 1-3 
years. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bioluminescent 
Bay of Vieques 
area reefs 
including 
Esperanza 
 
 
 
 
 
 
 
 

2. Stabilize 500 coral 
fragments of 
opportunity after 
significant 
disturbance events 
to increase their 
chances of survival.  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

- Expand local capacity 
through training 
volunteers, partnering 
with local dive shops, 
or others, on the 
transplantation of 
corals in response to 
acute weather events. 
Timeline 1-5 years. 
 

- Maintain a notification 
network to those 
trained in 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 
 

 
 

 
 

 
 

transplantation to 
incite action after 
acute weather events. 
Timeline 1-5 years. 

 
 
 
 

Bioluminescent 
Bay of Vieques 
area reefs 
including 
Esperanza 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. Restore and 
maintain at least 
3,000 m2 of coral 
reef through a multi-
ecosystem 
approach  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Outplant 15,000 fragments 
of Acropora cervicornis 
propagated through in-situ 
nurseries and clippings 
from wild colonies27. 
 

- Create a living shoreline on 
the western edge of the 
mouth of Mosquito Bay28. 
 

- Plant 500 nursery-grown 
mangroves within 
boundary of living shoreline 
and transplant 1,000 
seagrass planting units 
adjacent to living 
shoreline29. 
 

- Amend existing Army Corps 
of Engineers permit (SAJ-
2022-00437) to include 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
27 SAM project funded by NOAA CRCP 
28 SAM project funded by NOAA CRCP 
29 SAM project funded by NOAA CRCP 
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Priority Area Objective Coral Restoration 
Intervention 

Management 
recommendation Research Need 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

additional mangrove 
restoration sites30. 
 

- Conduct hydrological and 
topographic restoration 
including channel dredging 
and maintenance 31. 

 
- Plant 1,500 mangrove 

propagules and saplings. 
Conduct repair and 
maintenance work as 
needed32. 
 

- Maintain restoration sites 
through increasing density 
and diversity of coral 
colonies, releasing 
herbivores, and other 
actions to maintain coral 
reef ecosystem function 
and health. Timeline 1-10 
years. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
30 SAM project funded by NOAA CRCP 
31 SAM project funded by NOAA CRCP 
32 SAM project funded by NOAA CRCP 
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MONITORING OBJECTIVES 
 
All parameters required for calculating the BCG (Table 7 and 
Table 8; Santavy et al. 2022b) will serve as the minimum 
monitoring requirement for restoration work in priority areas 
to track improvement of ecosystem function and health. 
However, if some parameters are missing at the site, the BCG 
can still be calculated, and the BCG score may or may not be 
lowered depending on the order in which the rules are 
applied. For example, if Orbicella records are missing, you 
could still meet the criteria for level 2, as none of the rules 
directly involve Orbicella. For level 3, the absence of Orbicella 
data means one rule will not be fulfilled, but as only 4 out of 5 
rules need to be fulfilled, a level 3 classification is still possible. 
The same principle applies to level 4, while 2 out of the 7 rules 
for level 4 refer to Orbicella, fulfilling 3 out of the 7 rules is still 
feasible without Orbicella data.  
 
Photo 5: A diver installing monitoring plots 

 

A baseline assessment will be required prior to the start of 
restoration work to measure improvement at sites. A baseline 
assessment will also help determine the needed outplanting 
effort required to improve the BCG by one level. These 
parameters can be calculated from PRCRMP data and basic 
benthic surveys using the BCG Shiny App (CCRI 2022).  
 
The BCG could also be a tool to assess the effectiveness of 
coral reef restoration interventions. This approach allows the 
Core Team, other natural resource managers, and 
practitioners to discern if restoration actions are improving 
the biological function and health of coral reefs and pursue 
the most effective restoration interventions and strategies. 
The Coral Reef Restoration Monitoring Guide (Goergen et al. 
2020) also provides a framework and methods for current 
best practices for evaluating restoration effectiveness. 
 
A detailed monitoring plan and data standardization protocols 
could also be developed. In addition, citizen science data 
could be used for supplemental information.  
 
Photo 6: A diver collecting Diadema antillarum settlers 
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Table 7: Minimum Metrics Needed to Calculate BCG (Santavy et al. 2022b) 
 

Metric Variable Name Description of Metric Method 

% coral cover Percent Coral Cover LPI 

# coral spp.  Total Coral Richness LPI 

# non-tolerant coral spp. Non-tolerant BCG Attribute I, II, III, IV taxa present LPI 

% unproductive cover  Presence of unproductive and sedimented cover LPI 

Percent live Orbicella cover Percent live Orbicella cover DEMO 

live coral cover 3D Live coral cover (cm2/cm2) DEMO 

density med-large colonies Density medium/ large colonies DEMO 

% Orbicella cover Percent Orbicella cover LPI 

% non-tolerant coral cover Percent non-tolerant BCG Attribute I, II, III, IV taxa LPI 

colony density Density of Colonies #/m2  DEMO 

# non-tolerant coral spp. Non-tolerant Coral Richness DEMO 
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Table 8: Biological Condition Gradient Attributes 
 

BCG Attribute Level Coral Scientific Name Sediment Stress Heat Tolerance  
II Isophyllia rigida II II 
II Isophyilia sinuosa II II 
III Acropora cervicornis III III 
III Agaricia lamarcki III II 
III Colpophyllia natans III III 
III Dendrogyra cylindrus III-IV III 
III Diploria labyrinthiformis III III 
III Eusmilia fastigiata III III 
III Helioseris cuculiata III III 
III Madracis decactis II-IV IV 
III Millepora complanata III II 
IV Acropora palmata IV III 
IV Acropora prolifera IV III 
IV Agaricia agaricites IV II 
IV Agaricia humilis IV II 
IV Cladocora arbuscula IV IV 
IV Dichocoenia stokesii IV III 
IV Madracis auretenr IV III 
IV Meandrina jacksoni IV III 
IV Meandrina meandrites IV III 
IV Mussa anguiosa IV II 
IV Mycetophyllia aliciae IV III 
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BCG Attribute Level Coral Scientific Name Sediment Stress Heat Tolerance  
IV Mycetophyllia ferox IV II-III 
IV Orbicella annularis IV II 
IV Orbicella faveolata IV II 
IV Orbicella franksi IV II 
IV Porites furcata IV IV-V 
IV Porites porites IV IV 
IV Scolymia cubensis IV IV 
IV Scolymia lacera IV IV 
V Faviafragum V IV 
V Manicina areolata V V 
V Millepora alcicornis V II 
V Montastraea cavernosa V IV-V 
V Oculina diffusa V IV 
V Porites astreoides V V 
V Porites divaricata V IV 
V Pseudodiploria clivosa V IV 
V Pseudodiploria strigosa V IV 
V Siderastrea radians V V 
V Siderastrea siderea V IV 
V Solenastrea bournoni V IV 
V Stephanocoenia intersepta  IV 
VI Tubastrea coccinea   
X Agaricia fragiiis X X 
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BCG Attribute Level Coral Scientific Name Sediment Stress Heat Tolerance  
X Millepora squarrosa X II 
X Mycetophyllia daniana X X 
X Mycetophyllia lamarckiana X X 
X Porites branneri X  

 
Key 
 

I = Rare, long-lived or endemic taxa 
II = Highly sensitive tax 
III = Moderately sensitive taxa 
IV = Intermediate, broadly tolerant taxa 
V = taxa tolerant to disturbance and pollution  
VI = Non-native taxa 
X = insufficient information for panel to assign level 
blanks indicate taxa not identified 
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ADAPTIVE MANAGEMENT OF THE RESTORATION ACTION 
PLAN 
 
This plan identifies a goal, objectives, and priority areas 
with specific interventions, to guide coral restoration in 
Puerto Rico for the next 10 years (from 2025 to 2035). 
However, in recognition of our rapidly changing 
environment, it is important to include flexibility, adaptive 
management, and frequent revisions to the Restoration 
Action Plan. Additionally, flexibility will be needed to 
support unforeseen new opportunities for coral reef 
restoration projects that align with the goal for the 
Restoration Action Plan that may become available. 
Examples could include the following: 
 

• The existence of new funding opportunities for coral 
reef restoration from the private or public sector. 

• New interest from community organizations, 
academia, etc. within geographies not currently 
covered in the Plan. 

• Advances of coral population recovery spatial 
modeling that identifies priority geographies not 
currently in the Plan. 
 

Revisions to the Restoration Action Plan that are limited in 
scope, such as updating priority areas, refining 
interventions, or tracking progress towards objectives, may 
be conducted on an ad-hoc basis while following the 
methods used for the development of this plan. Review and 
revisions will be conducted every one to two years under 
the guidance of DNER. A full review and revision of the 

Restoration Action Plan will occur every five years as 
funding allows.  
 
Photo 7: Coral fragments staged for outplanting. 

 
Photo credit: Pichon Duarte. 

Photo 8: The topside of coral restoration work. 

 
Photo credit: Pichon Duarte. 
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