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Executive Summary 
On August 30, 2021, the Governor of Puerto Rico, Lic. Pedro Pierluisi Urrutia declared 

(via executive order; OE 2021- 066) a State of Emergency in Puerto Rico’s coral reefs due to 
Stony Coral Tissue Loss Disease (SCTLD). This SCTLD Puerto Rico Emergency Response 
Strategic Plan describes the short-term tasks to be completed to help control and mitigate 
SCTLD on Puerto Rico’s jurisdictional coral reefs and those used to sustain long-term coral reef 
conservation efforts.  The chart below provides a visual summary of the SCTLD Puerto Rico 
Emergency Response Strategic Plan. A two-phased approach will be used. Phase I describes the 
short-term activities to be implemented with the $1M allocated for these efforts. Phase II 
describes long-term activities that will be pursued to sustain coral reef conservation.  

 

 
 
This emergency response strategic plan is a collaborative effort between the PR DNER and 
partners. Although this plan was elaborated to respond specifically to SCTLD, the roadmap 
provided here could be adjusted to respond to future coral diseases threats, when needed. 
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Introduction  
The Puerto Rico Department of Natural and Environmental Resources (PR DNER) was 

established on June 20, 1972 under Law 23 with the mission to protect, conserve and 
manage Puerto Rico’s natural and environmental resources in a sustainable way for current and 
future generations’ enjoyment. On June 14, 1999, Law 147 was adopted and established the PR 
DNER Coral Reef Conservation and Management Program (hereafter referred to as Coral Reef 
Program). The mission of the Coral Reef Program is to protect, conserve and manage coral reefs 
within Puerto Rico’s jurisdiction. Consequently, one of the first long-term coral reef monitoring 
programs in the Caribbean was established in Puerto Rico in 1999. The Puerto Rico [long-term] 
Coral Reef Monitoring Program began with 15 reef survey sites and eventually expanded to the 
42-permanent island-wide survey sites which are currently monitored every two years.  
 

In general, coral reefs are one of the most important coastal ecosystems due to their 
ecological, economical, and socio-cultural value. They serve as natural barriers to natural 
extreme events including hurricanes, swells, and tsunamis, and help reduce coastal flooding and 
protect coastal infrastructures (Storlazzi et al., 2021). The economic value of coral reefs is 
upwards of $1.8 billion annually which helps create and sustain jobs, business and services in 
multiple economic sectors such as tourism, recreation, real estate and food (Leeworthy et al., 
2018; Storlazzi et al., 2019). Puerto Rico has approximately 2,630 km2 of submerged marine 
habitats including coral reefs and seagrass beds (Schill et al., 2021). Of these, 245 km2 are coral 
reefs with more than 40 reef-building coral species. Although the Coral Reef Program has 
documented an increase in coral cover in some reefs in Puerto Rico, most reefs are losing 
significant coral cover (Garcia-Sais et al., 2019). This is a consequence of both global and local 
impacts, including climate change, pollution leading to poor water quality, overfishing, and 
ultimately, infectious coral diseases.   
 
Current State of Emergency due to Stony Coral Tissue Loss Disease (SCTLD) 

One of the most pressing issues for coral reef management is Stony Coral Tissue Loss 
Disease (SCTLD). This fast-spreading highly virulent disease impacts at least 22 + susceptible 
key reef building corals species (Precht et al., 2016; Sharp et al., 2020). It typically affects 
boulder, pillar, and encrusting coral species (AGGRA). Significant declines in coral cover and 
increased mortality rates are observed in Puerto Rico’s reefs that are impacted by SCTLD, with 
researchers reporting between 60-90% mortality on the most susceptible species such as brain 
and pillar corals (Edwin A. Hernández-Delgado, Nilda Jiménez, pers. comm.).  Some 
characteristics of the disease include multiple lesions that spread around the otherwise apparently 
healthy coral tissue, unusual bleaching-like appearance, exposed skeleton due to tissue necrosis 
(AGGRA; SCTLD Case Definition, 2018) and high prevalence in multiple susceptible species. 
Without proper intervention, lesions caused by SCTLD can progress across an entire colony in a 
matter of weeks (Figure 1). 

 
SCTLD was first documented in the Upper Florida Keys in 2014, however, it was first 

documented in Culebra, Puerto Rico in November of 2019. Prevalence of this virulent disease 
increased from 4% to 50% between October – November 2019 in Tamarindo Chico reef in 
Culebra (Weil et al., 2019). Between 2019 and 2021, some of the coral reefs where SCTLD had 
arrived (and had been established for months to years) have lost an estimated 50% live coral cover 
and higher species-specific mortality has been observed (Nilda Jiménez, pers.comm.).  



 

 7 

 

Figure 1. Rapid tissue loss in the (A) elliptical star coral (Dichocoenia stokesii) [Photo credit: Sarah 
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The disease has continued to spread westward around the island (Figure 2). Since 
November 2019, SCTLD has been observed in at least 30 reef sites, mostly on the east coast of 
mainland Puerto Rico. The disease appears to be moving slowly (± 10 km month) along the 
north-west and south-west coasts, with several reefs with susceptible species along those tracks 
that have not been impacted by SCTLD as of December 2021. The western-most localities in the 
north- and south coast are Arecibo and the La Parguera shelf-edge respectively. By December 
2021, there was one confirmed report of SCTLD in the western region of Puerto Rico.  

 

 
The Puerto Rico Coral Disease Response Group (PRCDRG) was organized in early 2020 

with participation from the PR DNER, the University of Puerto Rico, local NGOs, the private 
sector, and volunteers to track the development and impact of SCTLD, assess prevalence and 
incidence, and test antibiotic treatments. The PRCDRG continues to assess SCTLD prevalence, 
virulence and mortality of the most affected species. This group continually monitors treatment 
applications on diseased colonies of the most susceptible foundational species and informs on 
SCTLD spread in Puerto Rico. The rapid and highly contagious spread of SCTLD in Puerto Rico 
prompted the PR DNER Secretary, Lic. Rafael Machargo, to sign an Administrative Order (AO 
2021-10; APPENDIX I) which acknowledged SCTLD as a threat to Puerto Rico’s coral reefs. 
This was followed by a declaration of a State of Emergency due to SCTLD signed by the 
Governor of Puerto Rico, Lic. Pedro R. Pierluisi via an Executive Order (OE 2021 – 066; 
APPENDIX II) on August 30, 2021.   

 
In November 2020, NOAA’s Coral Reef Conservation Program and the Office of the 

Assistant Secretary of Commerce for Oceans and Atmosphere published the NOAA Strategy for 
SCTLD Response and Prevention. This document sponsored by NOAA Deputy Administrator, 
Rear Admiral Tim Gallaudet, defines key goals to focus SCTLD response efforts at the national 

Figure 2. Blue markers indicate reports of SCTLD presence as reviewed by the PR DNER in 
            

platforms such as the Atlantic and Gulf Rapid Reef Assessment Program (AGRRA) and the US Virgin 
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level.  This effort aims to expand and support the SCTLD response at the state level.  Puerto 
Rico’s SCTLD Emergency Response Strategic Plan aligns with the following goals of the 
NOAA Strategy for SCTLD Response and Prevention: 

• Strategy Goal 1: Expand capacity for research and data collection on SCTLD 
• Strategy Goal 2: Build capacity for coral disease detection, prevention and 

intervention 
• Strategy Goal 3: Support coral rescue, propagation and restoration operations, research 

and partnerships across the US to preserve the genetic diversity of corals necessary for 
future restoration efforts and support reef health 

 
NOAA is currently undertaking a planning process to develop an implementation plan for the 
NOAA SCTLD Strategy for which the PR DNER is representing the jurisdiction of Puerto Rico. 
Thus, following NOAA’s guidelines, the DNER published Puerto Rico’s Stony Coral Tissue 
Loss Disease Intervention Plan in September 2021 (APPENDIX III). This intervention plan 
outlines the best practices regarding SCTLD treatment and provides recommendations of coral 
reef sites in Puerto Rico that should be targeted for intervention efforts based on multivariate 
criteria. Specifically, it delineates the SCTLD intervention methodologies in Puerto Rico as it 
relates to treatment application, monitoring treatment effectiveness, permit compliance and 
communications. It also provides a list of primary and secondary coral reef sites to target 
intervention, as selected by key coral reef stakeholders in Puerto Rico. All SCTLD intervention 
strategies implemented as part of this SCTLD Emergency Response Strategic Plan will abide by 
the guidelines established in the Puerto Rico SCTLD Intervention Plan.  
 
Overall Objective  

This SCTLD Puerto Rico Emergency Response Strategic Plan outlines the PR DNER’s 
efforts to help mitigate and control impacts of this coral disease outbreak in compliance with, 
and in response to, the Governor’s Executive Order. The overall objective of this document is to 
establish the strategy to be implemented for mitigation of SCTLD on priority reef sites in Puerto 
Rico. This SCTLD Puerto Rico Emergency Response Strategic Plan follows a two-phased 
approach. Phase I includes all short-term intervention strategies or activities for which the $1M 
funds will be used. Phase II includes long-term activities that will ensure SCTLD mitigation 
control and sustainability of our reefs.   

 
The strategy has been divided in five categories: Administrative Support Strategy, 

SCTLD Intervention Strategies, Volunteers and Partnerships, Coral Rescue and Restoration and 
Research.  Following the budget summary, there are detailed descriptions of the objectives and 
actions for each category.  

 
Budget Summary 

The SCTLD Puerto Rico Emergency Response Strategic Plan was elaborated to specify 
the activities to be implemented in Phase I with the use of $1M provided by the Government of 
Puerto Rico. Table 1 provides details on how the $1M will be used in Phase I. However, this 
plan provides the roadmap to be implemented for long-term sustainability and conservation of 
Puerto Rico’s coral reefs as well. Recurrent funding could help support long-term activities 
identified in Phase II. 
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Table 1: Puerto Rico Department of Natural and Environmental Resources (PR DNER) Stony 
Coral Tissue Loss Disease (SCTLD) Puerto Rico Emergency Response Strategic Plan – Phase I 

SCTLD Puerto Rico Emergency Response Strategic Plan 
(Phase I) 

Activities  Amount 
Marketing & Communication  $ 50,000.00 
SCTLD Intervention Strategies  $ 262,335.00 
SCTLD Volunteer & Partnership Efforts  $ 507,665.00 
Emergency Response Fund  $ 120,000.00 
Research  $ 60,000.00 
Total $ 1,000,000.00 

Phase 1: Administrative Support Strategy 

Objective 1: Convoke Coral Reef Interagency Advisory Committee 
Law 147, which initiated the PR DNER Coral Reef Program, specifically calls for the 

establishment of an interagency committee to facilitate communication among different local 
government agencies that could provide technical and professional recommendations to the PR 
DNER Secretary for effective implementation of this Law. With the goal of effectively 
coordinating communication and resources for the SCTLD intervention, the PR DNER will 
convoke of this Coral Reef Interagency Advisory Committee (as stated in Law 147) during the 
first six months of effectively starting the plan. 

Section two of Executive Order (OE-2021-066)) calls for all governmental agencies that 
have maritime units to provide support to the PR DNER by assigning a main point of contact that 
will help coordinate resources such as divers, maritime transportation, diving equipment and 
financial resources to help with the PR DNER’s SCTLD Puerto Rico Emergency Response Plan. 
The expectations are for federal and state agencies to assist with providing maritime 
transportation, diving equipment, divers and financial resources in support of DNER’s SCTLD 
interventions. Thus, the DNER will extend an invitation to the US Army Corps of Engineers, US 
Coast Guard and the Puerto Rico Aqueduct and Sewer Authority to be part of the Interagency 
Committee. This interagency support will help facilitate acquiring additional treatments, which 
may include antibiotics or other treatment options.  

An important function of PR DNER Coral Reef Program as part of the Interagency 
committee will be to provide technical expertise to the Permits Management Office and Puerto 
Rico Planning Board. This will provide the necessary information to assist with the evaluation of 
permits and mitigation strategies that could result in water quality impacts, positive or negative, 
around our coral reefs. Reinstatement of the interagency committee will help identify, allocate 
and commit human and financial resources to be used for the PR DNER’s SCTLD intervention 
efforts. Importantly, it will help streamline communication and implementation strategies among 
all involved parties. The PR DNER will, in turn, provide comprehensive SCTLD training to all 
assigned personnel and partners (e.g. divers, captains) that join SCTLD efforts.  
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Objective 2: Marketing, Communications & Outreach ($50,000) 
A critical element of this SCTLD Puerto Rico Emergency Response Strategic Plan is the 

recruitment of volunteers and citizen-scientists that can assist with SCTLD intervention activities 
and data collection (for more details see the Volunteers & Partnerships section). The PR DNER 
Coral Reef Program developed the Coral PR social media platforms (Facebook, Instagram, 
YouTube and Google Groups) as communication tools for management, research and volunteer 
opportunities. 

 
However, the goal is to expand PR DNER’s reach and impact among Puerto Rican 

communities, residents and visitors. For this, the PR DNER will contact the Puerto Rico Tourism 
Company seeking their assistance with the development of an island-wide marketing and 
communication strategy. One of the ideas that the PR DNER will present to the Puerto Rico 
Tourism Company for further development through an island-wide marketing campaign is 
“Adopt a Reef” (Figure 3). 
 

 
 
 
 
 
The purpose of “Adopt a Reef” is to motivate volunteers to adopt one of the priority reefs 

sites for SCTLD intervention efforts or for Education and Outreach activities. Partnerships with 
the Puerto Rico Tourism Company could allow for marketing related to “Adopt a Reef” to be 
displayed in their publications, airports, national marine reserves and at popular recreational sites 
in Puerto Rico. Additionally, the PR DNER will engage with local newspapers, TV and radio 

Figure 3. DNER marketing campaign example that can be used for volunteer recruitment. Photo 
credits: JP Zegarra, Dra. Nilda Jiménez 



 

 12 

stations for public announcement of SCTLD efforts. To this end, the PR DNER Coral Reef 
Program has already partnered with Geoambiente, a local non-profit organization, to complete a 
15-minute video called “Mi abuelo y yo.” This video discusses the importance of coral reefs in 
Puerto Rico, describes the natural and human threats to our reefs and proposes solutions for 
everyday citizens. Per suggested by Lcda. Yolanda Díaz Rivera at the PR Governor’s Office, a 
collaboration with the Department of Education will be pursued with the objective of showcasing 
this video in all science classes on Earth Day, April 22, 2022. Part of the budget will be used to 
frequently broadcast of this video (or other coral-related videos) on different TV channels while 
this SCTLD Puerto Rico Emergency Response Strategic Plan is in place.  

 
To help increase local awareness among coastal communities, the PR DNER will seek 

partnership with the Puerto Rico Sea Grant Program. This program has a trajectory of over 40 
years in supporting local education and outreach activities that promote the sustainable 
conservation and use of Puerto Rico’s marine and coastal resources. Their mission is to create 
environmental awareness of marine conservation among local communities and academic 
institutions. This is accomplished by developing, promoting and participating in education and 
outreach activities as well as funding relevant research projects and providing marine advisory 
support. Since the Puerto Rico Sea Grant Program is hosted within the University of Puerto Rico 
(UPR; specifically, in the Mayagüez and Humacao campuses), they have opportune access to 
undergraduate and graduate students interested in participating in education and outreach 
activities or volunteer opportunities. Currently, Puerto Rico Sea Grant is supporting an 
undergraduate student from the UPR to help develop a webpage that will include information 
about SCTLD in Puerto Rico and a dashboard that will display data from local intervention 
efforts. This webpage is intended to create public awareness about this disease in Puerto Rico 
and provide information for current and prospective volunteers. In support of this SCTLD Puerto 
Rico Emergency Response Strategic Plan, Puerto Rico Sea Grant has expressed their 
commitment to help facilitate this initiative through coordination, announcements, and 
community workshops around the island, particularly among students. They could also assist 
with documenting, via photography or videography, the PR DNER’s SCTLD interventions and 
other efforts that could be used as part of this marketing campaign. 

 
A third action within this objective is the annual PR DNER Coral Reef Week (held the 

2nd week of June, annually).  This activity is used to increase awareness through educational 
activities about the importance of Puerto Rico’s coral reefs and ongoing efforts to protect them. 
The next PR DNER Coral Reef Week will highlight SCTLD treatment and volunteer efforts.  We 
will seek to attract additional media interests in these efforts such as social media, TV, local 
newspapers and radio. This will present an opportunity to recruit volunteers.  

 
To support the actions and strategies described above, the PR DNER will allocate 

$50,000 from the $1M funds designated by the OE. 
 
Phase 1: Stony Coral Tissue Loss Disease (SCTLD) Intervention Strategies ($262,335) 

The first signs of this virulent coral disease were observed and documented off of the 
coast of Culebra, Puerto Rico in the late summer of 2019. Since December 2019, the Puerto Rico 
Coral Disease Response Group (PRCDRG) has been collaborating to help respond to the SCTLD 
emergency in Puerto Rico. Additionally, during 2021, the Puerto Rico [long-term] Coral Reef 
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Monitoring Program visited 21 permanent reef stations. Knowledge of the dispersion and impact 
of SCTLD around Puerto Rico is expected to increase once this data this available. 

 
For this SCTLD PR Emergency Response Strategic Plan to be effective, SCTLD 

intervention strategies must follow the Puerto Rico SCTLD Intervention Plan (APPENDIX III) 
and the best available science. Currently, SCTLD interventions are conducted around the island 
mainly by PR DNER, Sea Ventures or members of the PRCDRG who are properly trained and 
permitted. A permitting process was designed by PR DNER particularly to facilitate emergency 
response on the island. The top sites for SCTLD intervention in Puerto Rico are specified in the 
Puerto Rico SCTLD Intervention Plan and used by this core group of stakeholders for coral 
treatments. Treatments have been applied in specific reefs, chosen through specific criteria, 
including accessibility, coral cover and SCTLD presence and prevalence. To support the 
PRCDRG ongoing efforts, the PR DNER will allocate $120,000 of the $1M funds to an 
Emergency Response Fund. This fund will be used, as needed, to purchase the products used for 
SCTLD treatment, dive gear, materials used for monitoring and treatment application, equipment 
used for data collection, marine transportation and to support field work. PR DNER will evaluate 
the possibility of establishing a contract with an entity that will manage the funds for this task.  

However, the fast rate at which this disease is spreading westward of the island, as well 
as resource limitations, merit the strategic assignment of treatment interventions on targeted 
reefs. The following objectives align with this new phase of intervention strategies.  
 
Objective 1: Publish an updated inventory for SCTLD intervention sites in Puerto Rico  

Knowledge of the presence of SCTLD allows the planning of intervention actions 
according to the established priorities. An updated inventory of the current spatial extent of 
SCTLD is used. The next step is to identify targeted priority reef sites with severe SCTLD 
presence that will need continual coral treatments. For priority sites, where SCTLD has not been 
reported, roving dive surveys will be conducted. The strategy will involve identifying research 
partners along the east, north, south and west regions of the island, including Culebra and 
Vieques Islands, and assessing at least 15 coral reef locations per region. Standardized 
data spreadsheets with pre-identified parameters will be used, following standard roving diver 
survey protocols to allow for cross-comparisons at the regional and site level. This information 
will be used by the PR DNER and partners to identify target areas for treatment interventions, to 
evaluate the effectiveness of the coral treatment (Objective 2), to produce GIS-based mapping 
products that supports management and decision-making actions by the PR DNER and to 
generate basic information to support educational and outreach efforts.  
 
Objective 2: Evaluate the spatiotemporal effectiveness of coral treatments 

In general, the application of an amoxicillin-based antibiotic treatment has been found 
to successfully halt lesions in SCTLD-infected colonies when reapplied several times in tagged 
and mapped colonies (Neely et al., 2020, 2021; Voss et al., 2020; Shilling, Combs and Voss, 
2021; Walker et al., 2021). In an effort to reduce mortality to affected corals, the 
DNER has supported the use of experimental amoxicillin + CoralCure™ Ointment Base2B in 
priority coral colonies based on a series of logistical, biological and environmental 
criteria. However, application of this treatment between 2020 and 2021 in Puerto Rico has 
provided variable results of treatment effectiveness across site visits, locations, and species. One 
of the most common causes of treatment failure is reinfection of treated colonies (Figure 4). 
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This warrants the need of frequent monitoring to carefully evaluate treatment effectiveness in 
each site and to treat new lesions that appear to maximize the usefulness of limited resources and 
ultimately reduce coral mortality. Treatment effectiveness is often reported at the lesion level 
even though it is well understood that colonies get re-infected often and require multiple 
treatments to prevent colony-level mortality. For this reason, a core element of our disease 
response plan is to increase treatment-application efforts at priority reef sites and monitor 
the efficacy of this treatment at the colony-level per site.   

 
To evaluate the spatiotemporal efficacy of amoxicillin treatment in Puerto Rico, the PR 

DNER will implement a mixed multifactorial experimental design using the same technique of 
treatment application as Neely et al. (2021) and described by Figuerola, M. (2021). For this 
design, at least four localities with depths range between 3-15m will be selected. Within each 
site, corals will be tagged as either control, only one treatment or multiple re-applications of 
coral treatments. Species selected for treatment will include multiple (between 5 and 7 
species) susceptible species including at least one of the threatened coral species as listed by 
NOAA in the Endangered Species Act (e.g. Orbicella annularis complex) and other treatable 
species(Pseudodiploria spp., Diploria labyrinthiformis, Montastraea cavernosa) that have 
shown positive responses during previous treatment efforts in Puerto Rico and the U.S. Virgin 
Islands. Frequency of site visits will be incremental, starting with bi-weekly visits during the first 
month, monthly visits during the next three months, and bi-monthly visits for the remaining year 
for a total of nine visits annually. Since the appearance of one lesion can result in total colony 
mortality, treatment effectiveness will be reported at the colony-level for each visit per site.   

 

 

Figure 4. Example of a brain coral (Pseudodiploria 
      
      

        
       

aspect of SCTLD intervention success. Photo credit: 
Sea Ventures Marine Response Unit. 
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Thirty-six (36) colonies will be tagged and monitored monthly at four sites identified by 
the PR DNER. These colonies will be divided in three groups (“control-untreated”, “treated-
once”, and “treated-multiple”) to evaluate the effects of treatment conditions in colony survival 
and health at two different depths (3-8m and 9-15m). Species will be mixed in treatment groups 
due to the heterogeneity of species composition across sites and depths. During each monitoring 
visit, several metrics on colony health and survival will be collected, and treatment will 
be reapplied as needed to colonies from the “treated-multiple” group. Any left-over treatment 
will be applied to non-tagged colonies to maximize treatment application in the site. It is 
estimated that about 100 colony treatments will be applied during each fieldtrip to one site with 
four divers. Additional sites could be included into this project by incorporating citizen 
scientists into these efforts (see Volunteers & Partnerships section for details). To accomplish 
this, the PR DNER and collaborators will ensure that the rationale, research questions, objectives 
and methods to treat corals under this experimental design are understood by all trained volunteer 
divers. It will be important to integrate citizen scientists’ data into analyses to evaluate the 
spatiotemporal efficacies of the amoxicillin + Base2B treatment and the population responses of 
treated corals.   

  
Monitoring efforts to evaluate effectiveness of interventions (treatment) should be 

accompanied by assessments of the impacts of SCTLD in wild populations of corals that are not 
being treated. This provides a baseline to understand the potential impacts of interventions in 
relation to the natural SCTLD population dynamics (Objective 3). With both monitoring 
approaches, a complete picture of the SCTLD event will guide short term (site prioritization for 
intervention and volunteering) and long-term (coral rescue and restoration 
planning) management actions.  
 
Objective 3: Document coral population changes impacted by SCTLD 

SCTLD prevalence, virulence and transmissibility will inevitably alter the population 
dynamics of susceptible coral populations. Ongoing efforts led by the non-profit organization 
Sociedad Ambiente Marino (SAM) can provide important information to parameterize coral 
demographic models. We propose to expand SAM’s coral demography monitoring efforts to at 
least six (6) locations in Puerto Rico, using Pseudodiploria strigosa as a model species. Monthly 
monitoring of permanently identified colonies will be evaluated during a period of one year to 
understand spatio-temporal patterns of variation of SCTLD dynamics on identified coral 
populations. Monitoring efforts will target two experimental populations actively infected by 
SCTLD, two control (non-infected) locations, and one population of micro-fragmented out-
plantings. This will provide NOAA and the PR DNER timely information regarding the 
prevalence, virulence and transmissibility of the condition. It will also provide essential 
quantitative data necessary to parameterize population models. These models will be used to 
inform managers and decision-makers in regards to affected population projections under 
variable environmental conditions. This long-term monitoring effort should be coupled with a 
microbiome assessment of corals and reef surrounding water, and also with a water quality 
permanent monitoring effort (discussed under the Research section).   

  
To support efforts for SCTLD intervention strategies, $262,335 from the $1M funds will be 
allocated. 
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Phase 1: Volunteers & Partnerships ($507,665) 
 
Objective 1: Provide continual support to DNER’s volunteer recruitment & training 

The PR DNER has been in partnership with Reef Emergency Response Team (EREA; 
Equipo de Respuesta a Emergencias de Arrecifes), for the purpose of training volunteers in a 
series of virtual and in-person workshops.. These workshops and trainings have the ultimate goal 
of conducting site visits to collect systematic observations on disease status and treating corals 
that show signs of SCTLD, if necessary. Recruitment of volunteers is important to help pinpoint 
areas where SCTLD has arrived, identify coral reefs with signs of the disease and assist in 
relevant field trips and materials preparation.  

 
For the implementation of this SCTLD PR Emergency Response Strategic Plan, the PR 

DNER plans to organize 11 groups of volunteers, two groups per region on the south, east and 
west, three groups in the north, one in Culebra and one in Vieques. Each group will be 
encouraged to conduct field visits bi-weekly for a total of 26 visits in a year. Priority reefs sites 
will be identified within each region and used for the “Adopt a Reef” campaign in coordination 
between leaders from each group and PR DNER personnel. Volunteers will be asked to complete 
a registration form that will be used to identify participants’ level of interest in different 
volunteer opportunities and gauge the volunteers’ skillset. With this information, the PR 
DNER will build a volunteer inventory that will classify different audiences based on criteria that 
include experience, location, interests, demographic group, and so on. An SCTLD Volunteer 
Coordinator (hired by HJR Reefscaping) will assist with building this inventory as well as 
providing training through an action-based campaign as specified below.  

 
Each audience demands variable levels of training and guidance from the PR DNER for 

preparation as volunteers (or citizen scientists – see Objective 2) to support SCTLD response 
efforts. Depending on their background knowledge and experience, the SCTLD Volunteer 
Coordinator with the PR DNER will coordinate the needed training and workshops to prepare the 
volunteers to support the SCTLD response.  The SCTLD Volunteer Coordinator will also 
maintain communication with the volunteers and the awareness campaigns for constant volunteer 
recruitment.  Understanding that not all volunteers can help at all stages due to an array of 
circumstances, a flyer was prepared indicating the different ways in which a volunteer could 
help. Following is a summary of the support a volunteer could provide:  

•  “Get trained with virtual resources”  
o This step will encourage volunteers to study online material that the PR DNER 
has developed in collaboration with the EREA program including lectures on coral 
species identification, basic coral reef ecology, SCTLD background and other coral 
diseases/conditions, and SCTLD treatment.  

• “Get hands on 3D coral models and stay in contact with authorized PR DNER staff”  
o Once volunteers have an understanding of relevant theoretical concepts, they will 
participate in practical training sessions (with 3D coral models). The DNER and 
EREA staff will maintain communication with volunteers to schedule practical 
trainings with volunteer groups and perform fieldtrips to treat and monitor 
corals when possible. Contact information will be shared among PR DNER 
personnel, EREA staff and volunteers.  

o  “Get wet and collect data”  
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o Volunteers will be encouraged to organize groups to perform independent field 
trips. During these field trips volunteers should practice the acquire knowledge by 
collecting information on the species observed and their condition following the 
roving diver survey promoted by the AGRRA website. The standardized 
methodologies will be instructed in online materials and datasheets will be 
provided before fieldtrips. For some groups, assistance and/or guidance by EREA and 
PR DNER staff might be required.  

• “Report your findings”  
o Volunteers will be requested to share their observations, data, photos and 
coordinates to the DNER. Existing reporting platforms such as the AGRRA survey 
and the USVI Coral Health Report will continue to be promoted. A Spanish-
translated version of a reporting survey using the ArcGIS Survey123 tool will be 
prepared to further promote local reports.  The data reported to AGRRA and the 
Coral Health Report will be incorporated into the DNER’s ongoing database and map 
of SCTLD distributions and treatment sites, which is publicly available on the 
DNER’s Coral Program webpage. 

o “Become Advanced Trainers” 
o Volunteers who excel in trainings, reporting and treatment efforts may have the 

opportunity to be trained and certified as “Advanced Trainers” (working title). As 
certified trainers, they can lead and train more novice group of volunteers. 

 
Objective 2: Develop communication strategies between PR DRNA and volunteers 

Continuous and effective communication and coordination between the DNER staff and 
field volunteers will be essential to ensure the quality of this program is maintained over 
time. Field work coordination efforts may include: 

• A shared calendar between intervention leaders and volunteers  
• An official online application for volunteer sign up, training and certification 
• Reinitiate the EREA facebook page to facilitate volunteer communication  
• A yearly calendar with scheduled training events, posted on the Facebook page, calendar 

app or DNER webpage 
• A Facebook page for “recruitment” contacts, such as interested dive shops, fishing 

groups and coral reef conservation organizations. This will help facilitate communication 
regarding upcoming training / field work sessions that these groups could pass along to 
potentially interested parties.  

• Post-training evaluation surveys from volunteers to obtain feedback on how to improve 
training and coordination moving forwards 

• Volunteer appreciation gatherings or letters to increase moral and officially recognize 
volunteers for their support  

 
Objective 3: Implement a citizen-science program  

In addition to recruiting volunteers, an important campaign for the PR DNER is to 
increase the number of SCTLD (and other coral disease) reports through citizen-science 
reporting. Unlike volunteers (described in Objective 1 of Phase 1: Volunteers & Partnerships), 
who go through robust training sessions to conduct roving diver surveys and administer 
treatments, citizen scientists are untrained individuals who observe healthy or sick corals while 
diving or snorkeling and decide to submit a report to AGRRA or another platform. Citizen 
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scientists could be community members, visitors, dive shop employees, fisherfolk or any 
individual who decides to report a coral disease sighting.  

 
Despite the lack of training, citizen science reports can be extremely valuable. Many 

individuals visit Puerto Rico’s coral reef sites every day. If even a portion of the individuals who 
visit reefs submit coral disease reports, the PR DNER could greatly increase the number of “eyes 
on the reef” beyond its current resource and staff capacity. Even the simplest of reports could 
provide the PR DNER with information of possible SCTLD observations in specific reef 
locations. With this information, staff members (or trained volunteers) could visit the reef 
locations to collect additional information. More detailed reports, especially ones with photos, 
can be implemented into our ongoing database and map of SCTLD distributions. These reports 
may also provide information on other coral diseases, bleaching, or other conditions that could 
be pertinent to coral conservation efforts. Furthermore, citizen scientists who become engaged in 
regular reporting may gain interest in becoming trained volunteers over time.  

In addition to facilitating the PR DNER’s data collection efforts, this approach will also 
inherently broaden the audience of coral health education and awareness across Puerto Rico. The 
current need of the PR DNER surrounding citizen science reporting is to identify target 
audiences and create education and outreach material that will effectively communicate key 
messages and encourage the submission of SCTLD and other disease reports. Examples of 
actions that can be taken are:  

• Creating posters to hang at dive shops that provide information about SCTLD and how 
citizen scientists can make reports. 

• Designing and giving educational courses for various groups of people (e.g. high school 
students, university students, snorkelers, divers, fisherfolk). 

• Increasing social media outreach and specifically promoting citizen science reporting on 
these platforms. 
 

The development of a robust citizen-science program, as well as support for the volunteer 
program outlined in objective 1, will be accomplished with the support of the 2022-2023 
National Coral Reef Management Fellow (who is supported by a partnership between Nova 
Southeastern University’s National Coral Reef Institute, NOAA’s Coral Reef Conservation 
Program, the U.S. Department of Interior Office of Insular Affairs and the U.S. Coral Reef All 
Islands Committee). Examples of responsibilities that the Fellow will carry out include, but are 
not limited to: 

• Developing a system that effectively collects quality-controlled data from citizen 
scientists and groups of interest and that can be used to fill knowledge gaps of SCTLD 
prevalence or general reef conditions; 

• Helps build a network of stakeholders and organizations such as local dive shops, 
fisherfolk, tourism operations, student associations; 

• Promote awareness through education and training materials. 
• Create and organize educational curriculums for advanced volunteers (in partnership with 

the SCTLD Volunteer Coordinator) that have the potential for becoming certified 
trainers.  
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Objective 4: Increase partnerships with local fisherfolk, dive shops and non-profit 
organizations  

In every effort to be as inclusive as possible with this SCTLD Puerto Rico Emergency 
Response Strategic Plan, outreach efforts must include participation of local fisherfolk, dive 
shops and non-profits. Collaborations will include working with “intermediary” 
organizations such as NOAA’s Fisheries Protected Resources Division – Southeast Region and 
the Caribbean Fisheries Management Council. Both NOAA Fisheries and the Management 
Council already have a well-established and trusted connection with local fisherfolks. This 
partnership would allow the opportunity to discuss ways in which the PR DNER can disseminate 
information and establish a citizen-science reporting network that is beneficial to both the PR 
DNER and the fisherfolk. This may involve negotiating appropriate incentives for fisherfolk that 
help us with data collection (e.g. paying transportation costs and captains).  

 
Along these lines, partnership with local dive shops could help encourage the 

development eco-tourism strategies pertinent to this SCTLD Emergency Response Strategic 
Plan. This partnership could involve providing dive shop partners (that might be interested) with 
new education and training programs and materials developed by PR DNER. The PR DNER will 
provide the space for future collaborations with dive shops/clubs to expand our outreach. Step 
one of this mission will be to establish a clear list of expectations we have with dive shop 
partners, and vice versa. Example items could include: 

- The PR DNER could provide dive shops with opportunities to tag along in an 
Emergency Response field trips to help understand SCTLD impacts on reefs and the 
importance of advocating for coral reef health and conservation.  

- Participating dive shops could provide support the by teaching their divers 
appropriate conducts on a reef (e.g. do not touch the corals). In exchange, the PR 
DNER could certify them as an eco-tour operator.  

- Participating dive shops/groups could hang up posters, show videos, or host 
educational talks for local divers discussing the importance of conserving coral reefs 
and what they can do to help. The PR DNER could offer to provide materials, guest 
speakers, etc.  

- Participating dive shops will inform staff and trained divers about our citizen-science 
training program. In exchange, we could provide transportation and necessary 
equipment to any volunteers that they recruit.  

 
The PR DNER will continue to solicit support from non-profit/NGO organizations throughout 
Puerto Rico. We currently have a strong and broad network of individuals and organizations that 
participate in monthly SCTLD response meetings and are part of the PR Coral Disease Response 
google group. These collaborations could be improved by strengthening existing relationships by 
offering small grants to organizations that submit proposals aimed to increase our ability of 
managing coral disease threats (see Research section for details) and by reaching out to 
additional organizations for increased capacity to help with SCTLD intervention, monitoring and 
education efforts.. Results of these efforts will include having a diverse network support that 
includes the following participants, among the others that we recruit throughout the process.  
 
Volunteer and Partnership efforts will be supported with $507,665 from the $1M funds. 
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Phase II: Stony Coral Rescue & Restoration Efforts  
Phase II activities are presented with the understanding that, long-term conservation of 

our coral reefs require long-term coral disease mitigation and control. Although, $1M funds will 
not be directly used to cover this phase, recurring funds would help ensure long-term 
sustainability of Puerto Rican coral reefs. To this end, coral rescue and restoration efforts have 
become an important alternative for protecting and conserving corals from the threat of SCTLD. 
Different types of nurseries from land-based to in-situ-based ones include land-based enclosed 
aquarium-type settings and in-situ hybrid reef modules, frameless array nurseries and coral trees. 
In general, nurseries have proven to be successful with holding corals prior to being outplanted 
onto reefs (Figure 5).  

 
 In light of the current challenge with SCTLD in Puerto Rico, the PR DNER has 

partnered with the NOAA Fisheries and NOAA Restoration Center to support ongoing coral 
rescue and restoration efforts in an attempt to rescue keystone reef-building coral species for 
future out planting and restoration of priority reefs in Puerto Rico. A current priority for the 
DNER is to create a ranking criterion that helps decide on which coral species to prioritize for 
rescue and restoration efforts. In general, the PR DNER, and collaborators, are recommended to 
implement a two-step approach as proposed below: 

- Step 1: Rescue corals by implementing, monitoring and researching land-based and 
in-situ nurseries and identifying which methodology is more effective for rescuing 
corals. Rescuing corals may include collecting many coral fragments of different 
species at a smaller size to increase the number of corals held in land-based nurseries, 
however these colonies are not at reproductive size, or preserving coral reef ecology 
by collecting larger, reproductive sized colonies, among other options. 

- Step 2: Eventual outplanting for the restoration of reefs 
 

The following objectives will be critical for implementation of phase II. 
 
Objective 1: Develop a coral species priority matrix for coral rescue efforts 
 SCTLD susceptibility has been reported for more than 22 different coral species in the 
Caribbean. Due to the lack of space and resources, coral species must be prioritized for rescue 
efforts. The PR DNER has partnered with NOAA Fisheries – Southeast Regional Office to 
develop a coral species priority matrix that will help rank coral species from highest to lowest 
priority. This coral matrix must consider species susceptibility to SCTLD, growth rates, reef 
building capabilities, outplanting success rates and if they are listed under the Endangered 
Species Act. A prioritization exercise or workshop will be held by the PR DNER and important 
stakeholders to obtain a list of priority coral species that should be targeted for the establishment 
or expansion of land-based or in-situ nurseries. 
 
Objective 2:  Support the establishment and/or expansion of land-based nurseries and in-
situ nurseries  

 In Puerto Rico, in situ coral nurseries are currently in place at Culebra, La Parguera, 
Guánica, Guayanilla, Isabela and in the Northeast Reserve (2020 Coral Propagation in Puerto 
Rico Report, NOAA, SeaVentures, HJR Reefscaping). Many of these in-situ nurseries were 
initially populated with coral fragments that resulted from tropical storms between 2016 – 2017 
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(including hurricanes Irma and Maria in September 2017), and successfully held until being 
outplanted onto reefs. 

 
Within the next year, the PR DNER will engage in developing a state-of-the art land-

based nursery for sea urchins and coral reefs within the northeast region of Puerto Rico. This will 
be the first land-based nursery in the east coast of Puerto Rico and is built with the purpose of 
assisting in the restoration of coral reefs and long-spined sea urchins (Diadema antillarum), an 
keystone herbivore. This land-based nursery will complement the single land-based nursery in 
Puerto Rico, established within Magueyes Island in La Parguera, Puerto Rico (Figure 5). Both of 
these land-based nurseries could be used to temporarily hold corals.    

 

 
 
The PR DNER will consider researching the use of closed land-based nursery “kits” 

(such as those developed by David Gross from The Reef Institute) to help increase the number of 
nurseries to be used during Phase 2 of this SCTLD Emergency Response Strategic Plan. 
Additionally, in-situ coral nurseries (e.g. coral trees, floating underwater coral array, benthic 
underwater coral arrays, etc.) have been successfully used with great to hold and outplant 
Acroporids, Dendrogyra cylindrus, Meandrina meandrites, Montastraea cavernosa, and Porites 
spp. in Puerto Rico (E. Hernandez, pers.comm.).  For example, a pilot project using micro-
fragmentation methods to rescue and propagate in situ surviving colonies of Pseudodiploria 
strigosa and ESA-listed Dendrogyra cylindrus is currently being developed by SAM in Culebra 
Island and Sea Ventures in Fajardo and Guánica (E. Hernandez, pers.comm., NOAA Restoration 
Center).  

 

Figure 5. Land-based nursery for coral reef rescue and sea urchin rescues located 
            

Science, in Magueyes Island. [Photo credit: Emma Korein]  
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An important consideration is the necessity to host land or in-situ corals for a longer 
period of time, until outplanting can successfully occur in reefs affected or previously affected 
by SCTLD. Location or relocation of existing in-situ nurseries away from reef habitats that are 
infected with SCTLD is important when determining when and where to place in-situ nurseries. 
Additional considerations when planning for coral restoration using nurseries is the importance 
of rescuing genetic diversity of SCTLD susceptible coral species vs. rescuing and growing 
apparently resilient colonies of susceptible species for ecological sustainability. Therefore, the 
PR DNER will support research that targets these questions and provides information to better 
inform management decisions (see Research section for details).  
 
Objective 3: Support the development of NOAA’s PR Coral Reef Restoration Plan 
 Using NOAA’s Manager’s Guide to Coral Reef Restoration Planning and Design report 
(2020), the NOAA Restoration Center has been tasked with developing a comprehensive coral 
rescue and restoration plan for Puerto Rico. This plan is to be spearheaded and developed by 
NOAA in 2022. Although this plan is intended to provide general guidelines for restoration 
efforts, coral rescue and restoration due to SCTLD will be considered during the development of 
the plan. This rescue plan should consider different alternatives and option, funding mechanisms, 
recommendations, and next steps to implement rescue and restoration efforts. Importantly, it 
should provide recommendations for maintain genetic diversity by rescuing a wide range of 
colonies, identifying resistant/surviving genotypes, propagation and outplanting of resistant 
colonies and the use of artificial reefs. The DNER’s Coral Reef Program will actively participate 
in the development of this coral rescue and restoration plan for Puerto Rico. 
 
Phases 1 & 2: Research 
 Research will be at the cornerstone of Phase 1 and 2 of this Emergency Response Plan 
and will be guided by the top priority SCTLD research questions consolidated by the DNER’s 
Coral Program. These questions were determined during an interdisciplinary workshop (that was 
organized by the PR DNER Coral Reef Program in May 2021) with researchers from the 
University of Puerto Rico, Institute for Socio-Ecological Research and Sociedad Ambiente 
Marino along with managers from the NOAA Fisheries and the NOAA Coral Conservation 
Program. The purpose of this workshop was to identify Priority SCTLD Research Questions for 
Puerto Rico that could be used to focus research efforts in Puerto Rico, assist with seeking 
funding opportunities, and discuss priorities from neighbor jurisdictions such as Florida as a 
model for the prioritization process in Puerto Rico. Table 1 summarizes the six priority questions 
that resulted from the workshop. 
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Table 1. Six priority SCTLD research questions for Puerto Rico  

Epidemiology / 
etiology 

What factors (genotypic, colony-specific or environmental) drive resilience 
and/or resistance to SCTLD? 

Disease control What are effective colony-level treatments for SCTLD? 

Epidemiology What environmental factors impact SCTLD persistence, prevalence, 
virulence and host resistance? 

Epidemiology What are the spatial-temporal dynamics of SCTLD persistence, prevalence 
and virulence? 

Coral rescue How do factors related to rescuing colonies (e.g., methods, rescue location, 
disease progression, species) influence colony survival and growth? 

Pathogenesis & 
etiology What is the role of zooxanthellae in SCTLD? 

 
In support of these priority questions, the PR DNER will develop and publish two calls for 

small grants ($30,000 each) to be announced among academic and research institutions and 
NGO’s in Puerto Rico. Answers to these research questions can directly impact courses of action 
taken during implementation of SCTLD Intervention Strategies and will help inform 
management decisions. Partnerships with Puerto Rico Sea Grant could provide opportunities for 
collaborations and elaborations of competitive grants that focus on further evaluating some of 
these priority questions and producing applicable management tools. 
 

For the purpose seeking additional funding to support internal research efforts and maximize 
investments under Executive Order OE-2021-066, the PR DNER Coral Reef Program will 
engage in seeking externally sourced of funding. The Coral Reef Program personnel will develop 
and submit applications to requests for proposals published by national governmental research 
agencies such as the NOAA National Marine Fisheries Service - ESA Species Recovery Grant 
(Section 6 Program). Not only will this allow for development of additional research efforts but, 
preparations of these request for proposal serve to enhance collaborations within Puerto Rico and 
among neighboring jurisdictions (e.g. US Virgen Islands, Florida) and results can used to solidify 
the DNER Coral Reefs Program’s SCTLD Intervention Emergency Response Plan.  

 
Other research topics that could be further evaluated include preserving coral genotypes vs. 

coral ecology when engaging in rescue and restoration efforts, water quality and regulations as it 
relates to SCTLD prevalence and rate of spread, impact of water-borne vectors (such as ballast 
waters and sediments) on the spread of SCTLD, coral microbiomes and its role with SCTLD and 
best practices for land-based management in Puerto Rico. These topics could be used to help 
identify and minimize sources of contamination for coral reefs, review federal and state 
regulations for water quality and ballast waters in coastal areas and solidify collaborations with 
the Water Quality session of the Environmental Quality Board of Puerto Rico. Given the ever-
changing nature of this disease, research activities will need to be supported through 
implementation of Phase 1 and 2 of this Emergency Response Strategic Plan. They will help 
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inform SCTLD intervention strategies as well as volunteer and partnership efforts and coral 
rescue and restoration efforts.  
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GOBIERNO DE PUERTO RICO
LA FORTALEZA

SAN JUAN, PUERTO RICO

Boletin Administrativo Num. OE-2021-066

ORDEN EJECUTIVA DEL GOBERNADOR DE PUERTO RICO, HON. PEDRO R.
PIERLUISI, A LOS FINES DE DECLARAR UNA EMERGENCIA ECOLOGICA POR
LA ENFERMEDAD DE PERDIDA DE TEJIDO DE CORAL DURO Y ORDENAR LAS
MEDIDAS NECESARIAS PARA ATENDER ESTA AMENAZA

POR CUANTO:

POR CUANTO:

POR CUANTO:

POR CUANTO:

POR CUANTO:

El Gobiemo de Puerto Rico tiene la responsabilidad constitucional

de velar por la conservacion de sus recursos naturales, incluyendo

los arrecifes de coral.

El Articulo 3 de la Ley Num. 23 de 20 de junio de 1972, segun

enmendada, conocida como "Ley Organica del Departamento de

Recursos Naturales y Ambientales", dispone que el Departamento

de Recursos Naturales y Ambientales ("DRNA") pondra en vigor

programas para la utilizadon y conservacion de IDS recursos

naturales de Puerto Rico. La politica publica ambiental del

Gobierno de Puerto Rico esta dirigida a implantar medidas de

conservacion y proteccion de los recursos naturales, incluyendo

los arrecifes de coral.

La Ley Num. 147-1999 ("Ley 147"), tambien conocida como "Ley

para la Proteccion, Conservacion y Manejo de los Arrecifes de

Coral en Puerto Rico", declara que es politica publica del Gobierno

de Puerto Rico la proteccion, preservacion y conservacion de los

arrecifes de coral en nuestras aguas territoriales. Puntualiza,

ademas, que es interes publico prevenir y evitar el dano continuo

e irreparable de los arrecifes de coral, asi como de la vida marina

asociada a los mismos.

Se estima que Puerto Rico cuenta con unos 2,630 km2 de fondos

sumergidos llanos donde se encuentran los arrecifes de coral,

praderas de hierbas marinas, fondos arenosos y otros habitats. De

esta area, 245 km2 son arrecifes de coral donde habitan mas de

cuarenta especies de corales duros.

Los arrecifes de coral son de suma importancia para Puerto Rico

por razones relacionadas a! media ambiente, socioculturales y

economicas. Ademas, proveen proteccion costera frente al

aumento de los fenomenos meteorologicos extremos. Asf, reducen

inundaciones costeras y protegen la infraestmctura costera. Por

1
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POR CUANTO:

POR CUANTO:

POR CUANTO:

POR CUANTO:

POR CUANTO:

POR CUANTO:

FOR CUANTO:

estas razones, entre otras, los arrecifes de coral son designados

como estructuras esenciales para la proteccion de las costas bajo

la Ley Num. 72-2020.

Las amenazas a los an'ecifes de coral han incrementado en las

pasadas decadas impulsadas por varios estresores locales como

son las fuentes de contaminacion terrestre, practicas insostenibles

de pesca y encallamientos, asi como aquellos a nivel regional y

global asociados al cambio climatico como el calentamiento del

agua, acidificacion del oceano y enfermedades de coral.

La enfermedad de la perdida de tejido de coral duro se reporto en

Culebra, Puerto Rico a finales de 2019. Esta agresiva enfermedad

se propaga de este a oeste con gran velocidad.

La enfermedad de la perdida de tejido de coral duro afecta al

menos veintidos especies de corales duros en los arrecifes y

puede matar colonias de coral de cientos de anos en tan solo unos

meses. Esta epidemia en los an'ecifes de coral presents una gran

amenaza a las funciones y servicios que proveen los arrecifes a

los puertomquenos. Es necesario que se tome accion inmediata

para evitar que aumente el riesgo de perder irreparablemente los

arrecifes de coral de los cuales dependen los puertomquenos para

la proteccion de las costas, la pesca y la economia del turismo.

Debido a la crisis fiscal que atraviesa Puerto Rico, y como

consecuencia de la pandemia del COVID-19, el Gobiemo no

cuenta con el personal ni ha podido destinar los recursos

necesarios para lidiar con esta crisis ambiental de prioridad.

El Articulo 5.10 de la Ley Num. 20-2017, segun enmendada,

conocida como "Ley del Departamento de Seguridad Publica de

Puerto Rico", faculta al Gobernador a decretar un estado de

emergencia en la Isla y "darie vigencia a aquellos reglamentos,

ordenes, planes o medidas estatales para situaciones de

emergencia o desastre o variar los mismos a su Juicio", asf como

"dictar, enmendar y revocar aquellos reglamentos y emitir,

enmendar y rescindir aquellas ordenes que estime convenientes

para regir durante el estado de emergencia o desastre".

En aras de evitar el peligro y los riesgos constatables que

represents la perdida de tejido de coraf duro es de extrema

urgencia declarar una emergencia ambiental y activar los

mecanismos necesarios para atender esta situacion.

Esta tarea ha sido uno de los grandes retos para el DRNA como

instmmentalidad gubemamental encargada de establecer la
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POR CUANTO:

POR CUANTO:

PORTANTO:

SECCION 1a:

SECCION 2a:

polftica publica relacionada a la custodia y administracion de

nuestros recursos naturales.

El 8 de junio pasado, el Secretario del DRNA firmo una Orden

Administrativa que reconoce la amenaza de la enfennedad de

perdida del tejido del coral duro y coordina la respuesta en estos

ecosistemas marines de Puerto Rico. Asimismo, personal

cientifico del gobierno colabora con otras jurisdicciones en

Estados Unidos para realizar actividades, crear esfuerzos

educativos e identificar otras ubicaciones de esta condicion que

amenaza a los corales.

Considerando lo agresiva que se comporta esta enfermedad, el

Gobiemo de Puerto Rico reconoce que es crttico responder

rapidamente ante esta amenaza para el ambiente y para la

economia. Par ello, redoblaremos esfuerzos para que dichas

gestiones tengan un efecto significativo.

Yo, PEDRO R. PIERLUISI, Gobernador de Puerto Rico, en virtud

de los poderes inherentes a mi cargo y la autoridad que me ha sido

conferida par la Constitucion y las leyes de Puerto Rico, par la

presente, decreto y ordeno lo siguiente:

DECLARACION DE EMERGENCIA ECOLOGICA. Declaro una

emergencia ecologica en Puerto Rico creada par la rapida

propagacion de la enfermedad de la perdida de tejido de los

corales, la cual represents una amenaza para el ambiente y para

la economia de Puerto Rico.

MEDIDAS DE APOYO. Se ordena a todas las agencias que

posean unidades maritimas que establezcan un punto de contacto

(una oficina o persona) para que el DRNA pueda coordinar para

recibir apoyo en las acciones de tratamiento de corales por perdida

de tejido de coral duro en todo nuestro archipielago. Las agendas

estatales, en coordinacion con el DRNA, deberan:

a) adiestrar los buzos que esten dentro de su matricula en el tema

de la enfemnedad de perdida de tejido de coral duro y como

proveer su tratamiento;

b) apoyar las acciones de tratamiento de corales;

c) proveer transportacion maritima al personal de otras agendas

que esten realizando los esfuerzos de tratamiento a los corales;

d) identificar los recursos que tengan disponibles para apoyar los

trabajos de aplicar tratamiento, tales como equipos de buceo,

tanques de buceo y neveras para almacenar tratamientos;



SECCION 3a:

SECCION 4a:

SECCION 5a:

SECCION 6a:

e) identificar y proveer los recursos financieros presupuestados y

disponibles para apoyar IDS trabajos de los grupos de interes,

la academia y las organizaciones cientificas en Puerto Rico que

llevan a cabo trabajos de investigacion y aplican tratamiento a

los corales para su integracion en la ejecucion de los trabajos

necesarios para la investigacion y el tratamiento de corales par

perdida de tejido de coral duro.

VOLUNTARIOS. Se ordena al DRNA a coordinar acercamientos

con escuelas y casas de buzos para la integracion de buzos

voluntarios que deseen participar en acciones de tratamiento de

perdida de tejido de coral duro y manejo de corales, incluyendo

proveer a estos el adiestramiento necesario para los esfuerzos de

tratamiento. Ademas, el DRNA debera integrar a los esfuerzos de

estos trabajos a los gaipos de interes, a las organizaciones

cientificas, a la academia y a los investigadores que tienen vasta

experiencia en el manejo de esta situacion.

RENDICION DE INFORME. El DRNA tendra la encomienda de

presentar un infomne al Gobernador a los ciento veinte (120) dtas

desde la firma de esta Orden, el cual detallara las estrategias e

iniciativas desarrolladas para atender la emergencia ecologica

declarada mediante esta Orden.

CAMPANAS EDUCATIVAS. Se ordena a la Compama de Turismo

del Departamento de Desarrollo Economico y Comercio, en

coordinacion con el DRNA, a disenar e implementar actividades y

campanas educativas que desalientan al publico a tocar los corales,

ya que esto puede propagar accidentalmente la enfennedad de

perdida de tejido de coral duro, causar danos a los arrecifes y

debilitar la capacidad de recuperacion de los corales.

ASIGNAC10N DE RECURSOS ECONOMICOS. Se ordena al

Comite de Supervision de Desembolsos, establecido mediante el

Boletin Administrativo Num. OE-2020-040 y compuesto por el

Director Ejecutivo de la Autoridad de Asesona Financiera y Agenda

Fiscal de Puerto Rico, el Secretario del Departamento de Hacienda

y el Director de la Oficina de Gerencia y Presupuesto a que,

conforme a las leyes, reglamentos y normas aplicables, realicen las

gestiones necesarias para asignar al DRNA $1,000,000 de dolares

de la partida de $10,000,000 de fondos federates del "American

Rescue Plan Act of 2021" ("ARPA") que se separaron para

iniciativas de conservacion y recursos naturales. El DRNA podra

utilizar dichos fondos para gastos elegibles, conforme a las guias
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SECCION 7a:

SEECION 8a:

SECCION 9a:

SECCION10a:

que establezca el Comite, las cuales deben considerar los

siguientes potenciales uses: 1) la adquisicion de materiales que

pemnitan las actividades de tratamiento (base y antibiotico), 2) la

adquisicion de equipo, servicios y cualquier otro recurso necesario

para efectuar la operacion de emergencia que aqui se autoriza, 3)

el desarrollo de un inventario actualizado de la distribucion espacial

a nivel isla de la enfermedad de perdida de tejido de coral duro con

e! objetivo de identificar las areas prioritarias para el tratamiento de

los corales, 4)incrementar los esfuerzos vigentes para el monitored

continuo de la dinamica demografica de los corales infectados y

para implementar un tratamiento de emergencia con el antibiotico

amoxicilina con el objetivo de salvar la mayor cantidad de colonias

infectadas con esta enfermedad, y 5) esfuerzos de emergencia de

restauracion ecologica de arrecifes de coral ya desan'ollados en

Puerto Rico a traves de metodos de micro fragmentacion y cultivo

de fragmentos obtenidos de colonias de oportunidad. El uso de

estos fondos debera cumplir con las normas establecidas por el

Departamento del Tesoro Federal conforme a ARPA.

Las demas agendas deberan brindartoda su cooperacion en caso

de que el Gobernador o la Secretaria de la Gobernacion determine

que es necesaria para la consecucion de los fines de esta Orden

EJecutiva.

INTERPRETACION Y FISCALIZACION. Sera deber del DRNA

supervlsar y poner en vigor el cumplimiento de esta Orden

Ejecutiva. A estos fines, delego al DRNA la autoridad para

implementar e interpretar las disposiciones de esta Orden

Ejecutiva.

DEFINICION DEL TERMINO AGENCIA. Para fines de esta Orden

Ejecutiva el termino "agencia" se refiere a toda agencia,

instmmentalidad, oficina o dependencia de la Rama Ejecutiva del

Gobiemo de Puerto Rico, incluyendo corporaciones publicas,

independientemente de su nombre.

DEROGACION. Esta Orden Ejecutiva deroga cualquier otra orden

ejecutiva que en todo o en parte sea incompatible con 1c aqui

dispuesto hasta donde existiera tal incompatibilidad.

SEPARABILIDAD. Las disposiciones de esta Orden Ejecutiva son

independientes y separadas unas de otras y si un tribunal con

jurisdiccion y competencia declarase inconstitucional, nula o

invalida cualquier parte> seccion, disposicion y oracion de esta

Orden Ejecutiva, la determinacion a tales efectos no afectara la



SECCIONH3:

SECCION12a:

SECCION13a:

validez de las disposiciones restantes, las cuales permaneceran en

pleno vigor.

NO CREAC10N DE DERECHOS EXIGIBLES. Esta Orden

EJecutiva no tiene como proposito crear derechos sustantivos o

procesales a favor de terceros, exigibles ante foros judiciales,

administrativos o de cualquier otra indole contra el Gobierno de

Puerto Rico, agendas, oficiales, empleados o cualquiera otra

persona.

PUBLICACION. Esta Orden Ejecutiva debe ser presentada

inmediatamente en el Departamento de Estado y se ordena su mas

amplia publicacion.

VIGENCIA. Esta Orden Ejecutiva entrara en vigor inmediatamente.

EN TESTIMONIO DE LO CUAL, expido la
presente Orden Ejecutiva bajo mi firma y hago
estampar en ella el sello del Gobierno de
Puerto Rico, en San Juan, Puerto Rico, hoy
30deagostode2021.

^^<,/^^^

PEDRO R. PIERLUIS1
GOBERNADOR

Promulgada de conformidad con la ley, hoy 30 de agosto de 2021.

OMAf/J. MARRERO DIAZ
SECRETARIO DE ESTADO
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Introduction 

Stony Coral Tissue Loss Disease (SCTLD) affects more than 30 species of corals in Florida and 
the Caribbean (AGRRA, 2020). SCTLD appears to be different from previously described coral 
diseases because of its rapid spread in coral species with high or intermediate susceptibility and 
the high number of coral species that it affects (Appendix I). In addition, it is characterized by a 
high prevalence and virulence in sites where the disease is established. In the field, this disease 
can be difficult to distinguish from other “white plague” or “white band” coral diseases, as they 
may exhibit similar signs such as a bleached front, sloughing and fast tissue mortality, multi-focal 
lesions, and final exposure of the clean white skeleton.  

On the reef, many of these different diseases could be occurring at the same time and affecting 
several species, such as dark spot disease, white plague, black band disease, and Caribbean yellow 
band disease, among others (Weil and Rogers, 2011). Stony Coral Tissue Loss Disease could be 
observed in a coral colony as a single or multi-focal fast growing lesions, which continue to 
advance killing tissues across the colony. The following references contain more information on 
the characteristics of SCTLD: SCTLD Case Definition (2018), SCTLD identification guide 
(Bruckner, 2018), and on the Atlantic and Gulf Rapid Reef Assessment (AGRRA) website. In 
addition, Croquer et al. (2021) released a manuscript comparing SCTLD and white plague disease.  
The photos in Figure 1 and Figure 2 show the progression of the disease in two coral species, 
Pseudodiploria strigosa and Dichocoenia stokesii, respectively. 

Although scientists and researchers continue to study the disease, the putative pathogen(s) causing 
SCTLD have not been clearly identified. Therefore, SCTLD is only suspected at a given reef site 
if the disease characteristics are observed in SCTLD susceptible coral species with multiple 
colonies affected at the same time, if the disease spreads more rapidly than other diseases, and if 
there is high coral mortality on the reef. 

The way in which SCTLD spreads locally, regionally, and over great distances (from country to 
country) is unknown. The disease was first documented in Florida in 2014, and has since spread 
throughout much of the Caribbean (Kramer et al., 2019). One hypothesis is that potential pathogens 
that cause SCTLD can be carried by untreated ballast water in ships and discharged near reefs 
(Dahlgreen et al., 2021; Everett et al., 2021). This hypothesis helps to explain the appearance of 
the disease in countries distant from Florida that do not follow an evident directional pattern of the 
dominant ocean currents. For example, four years after documentation in Florida, SCTLD was 
documented in Jamaica, then Mexico, and then St. Maarten (Kramer et al., 2019). In the Bahamas, 
researchers found that the mortality and infection rate of many SCTLD susceptible species were 
greater at sites closer to international commercial shipping ports (Dahlgreen et al., 2021). 
Notwithstanding, the link to shipping ports is not a pattern that explains the SCTLD spread in other 
areas. 
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Figure 1. Rapid progression of Stony Coral Tissue Loss Disease in a Pseudodiploria strigosa 
colony on Punta Arenas reef in Vieques. Photo credit: Sarah Elise P. Field 

 

 
Figure 2. Rapid progression of Stony Coral Tissue Loss Disease in a Dichocoenia stokesii colony 
on Rompeolas reef in Vieques. Photo Credit: Sarah Elise P. Field 
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SCTLD in Puerto Rico 
In Puerto Rico, the first documented case of SCTLD was off of the west coast of Culebra in 
November 2019, reported by Dr. Edwin Hernández. As of September 2021, the disease continues 
to spread westward from reef to reef in the north and south of mainland Puerto Rico. The disease 
has been documented in shallow sites as well as in mesophotic sites. Figure 3 shows the sites 
where SCTLD has been documented up until September 2021. Coral cover has declined 
significantly at sites where SCTLD is already established in Puerto Rico; for example, up to an 
estimated 50% mortality has been observed in sites affected by SCTLD since 2019 (Nilda Jiménez, 
personal communication). 

 

 
Figure 3. A map of the coral reef sites in Puerto Rico documented with Stony Coral Tissue Loss 
Disease as of August 2021, marked with a red pin. 

 
The first treatment of coral colonies with SCTLD in Puerto Rico was by Sociedad Ambiente 
Marino (SAM), where treatment was applied to 27 colonies, representing seven coral species. The 
treatment used was an ointment from the company Ocean Alchemists called CoralCure Base2B, 
mixed with the antibiotic amoxicillin. This specific mixture has shown effectiveness in treating 
SCTLD lesions in both laboratory and field studies (Voss & Combs, 2018; Shilling et al., 2021; 
Neely et al., 2020; Walker et al., 2021). In June 2020, the Puerto Rico Department of Natural and 
Environmental Resources (DNER) began applying this same treatment in colonies at various sites 
with SCTLD, and in November 2020, the company Sea Ventures joined these efforts. The coral 
reef sites treated in Puerto Rico as of August 2021 are shown in Figure 4. The effectiveness of the 
treatment has been estimated from a subset of colonies treated in some sites which have been 
numerically tagged and monitored over periods of several months to a year, depending on the 
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locality. Data collected in Puerto Rico has shown that the success in slowing disease progression 
or stopping lesion growth with treatment is highly variable, with an approximate range of 30% to 
95% effectiveness at the colony level. Success appears to increase when colonies are retreated at 
bimonthly or monthly frequencies to treat progressing and new lesions on the colony, which is an 
observation consistent with those from Florida (Neely et al., 2020; Walker et al., 2021).  
 

 
Figure 4. A map of the 17 coral reef sites in Puerto Rico treated for Stony Coral Tissue Loss 
Disease as of August 2021, marked with a yellow triangle. 

 

Intervention Plan Goals and Objectives 
Given the threat of SCTLD to coral reefs in Puerto Rico, the DNER Coral Reef Conservation and 
Management Program (Coral Program) recognizes the importance of coordinating early 
intervention to reduce the mortality occurring across the affected reefs. The goal in developing this 
intervention plan is to standardize the intervention methodology and determine where to focus 
intervention efforts in Puerto Rico. The objectives under this goal are to: 

1. Establish SCTLD intervention methodologies in Puerto Rico 

2. Provide guidance on the most recent best practices and recommendations for SCTLD 
intervention 

3. Present coral reef sites selected to focus intervention efforts 

This intervention plan was developed using local and regional experiences, lessons learned, and 
literature, including those from Florida, USVI, and other Caribbean partners. Meetings coordinated 
by Florida and USVI partners, as well as by the Caribbean Cooperation Team, have been vital in 
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this process to develop and implement disease response in Puerto Rico. This plan is meant to be 
updated annually to adapt to changing conditions and to integrate new scientific findings. 
 
Intervention 

Throughout this document, the term intervention is defined as applying any type of treatment to 
coral colonies possibly infected with SCTLD. The purpose of intervention is to improve the chance 
of survival of the treated colony. In addition to applying Base2B and antibiotic ointment, this may 
include practices that are not currently being utilized in Puerto Rico but may be used in the future, 
such as amputation, firebreaks, and probiotics, among others. The plan does not include options 
like coral rescue, for example, which involves removing live, apparently healthy coral colonies 
from a reef to move them to in-water nurseries or land-based nursery facilities. The following 
sections describe the current practices used in Puerto Rico to conduct assessments and intervene 
at coral reef sites with possible or confirmed cases of SCTLD. As a precautionary approach, it is 
recommended to disinfect equipment before and/or after each dive, especially when diving in a 
site that may not be affected by SCTLD after diving a site with SCTLD.  To disinfect equipment 
and avoid potentially transferring pathogens between reefs, first check snorkeling or diving 
equipment and the tools used in the water, and remove any debris stuck to it. Afterwards, soak all 
equipment for 10 minutes in a 1% chlorine solution, rinse thoroughly with fresh water, and air dry.  
For more information, check out the Guidelines for Disinfection of Dive Gear created by the 
NOAA Florida Keys National Marine Sanctuary.  
 

Site Assessments 
In order to determine if a site may be affected by SCTLD, an assessment is conducted targeting 
SCTLD susceptible species. In Puerto Rico, the methodology detailed in Appendix II is used along 
with the datasheet in Appendix III. The data collected can be reported to the Coral Health Report 
platform, created by the USVI and adapted to include Puerto Rico, and / or to the AGRRA 
platform. This information, which may include photos of susceptible colonies and data collected 
by the observer, can usually be used to determine if SCTLD could be affecting the reef and, if so, 
the prevalence of the disease. The DNER Coral Program and stakeholders can use this information 
to monitor the spread of the disease throughout the archipelago and for reef management decision 
making. 
 

SCTLD Site Intervention  
The intervention practices used at coral reef sites with SCTLD are based on the lessons learned 
from intervention in Puerto Rico as well as the experiences from other jurisdictions and countries. 
The intervention method currently used in Puerto Rico to treat SCTLD infected coral colonies is 
the application of the ointment composed of amoxicillin and Base2B on the active lesion, covering 
the border of the newly exposed skeleton and the living tissue. Of all of the treatment methods 
tested on colonies with SCTLD, although effectiveness is variable, the treatment using amoxicillin 
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and Base2B applied directly to the edge of the lesion is one of the most effective in halting the 
advance of lesions caused by the disease (Neely et al., 2020; Walker et al., 2021). Based on 
preliminary data managed by the DNER Coral Program, the groups that are applying treatment 
locally have had success halting lesion progression with this treatment. These groups are also 
continually searching for ways to maximize treatment effectiveness. 
 
Treatment 

Once confirmed that the suspected colonies in a site are likely infected with SCTLD, the authorized 
collaborator will coordinate the response with the DNER staff. At the reef site, colonies chosen as 
high priority for treatment are identified based on their ecological value and treatability. In the 
case of SCTLD treatment, the colonies deemed to have the highest ecological value are those that 
meet the following criteria: 

• Large colony sizes (> 50cm in height and / or maximum diameter) 
• listed under the Endangered Species Act (ESA) 
• reef framework builder 
• close proximity to other SCTLD susceptible coral colonies 

 
Likewise, the treatability criterion is defined by colonies that: 

• have 60% or more live coral tissue 
• have five (5) or less active and treatable lesions 
• are susceptible and treatable species1 

Some of the priority species for treatment include: 
o Colpophyllia natans 
o Pseudodiploria strigosa 
o Meandrina meandrites 
o Diploria labyrinthiformis  
o Orbicella faveolata, O. franksi, and O. annularis 
o Montastraea cavernosa* 
o Dendrogyra cylindrus* 

*These species can be difficult to treat because the amoxicillin and Base2B paste may not stick 
to the colony for long, especially in areas subject to turbulence caused by currents and waves. 
 

 

Note that this process of selecting colonies for treatment is a recommendation; different factors at 
each site may affect which colonies can be successfully treated.  

 
1 Research in the state of Florida and work carried out in the USVI suggest that the treatment is more effective on 
some species than in others (Neely et al. 2020). 
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The materials recommended for applying treatment are presented in Appendix IV. Appendix VThe 
steps to apply the mixture of amoxicillin and CoralCure Base2B are found in Appendix VI. 

 
Data management and monitoring treatment success 

To monitor colony level treatment success, the colony must be monitored after the first treatment 
to determine the status of the treated lesions and if new lesions have developed. The datasheet used 
to collect data underwater is found in Appendix V, which has a list of data that must be collected 
each time a colony is treated. The datasheets and photos can be organized in a standardized way 
to compare and analyze them. The methodology of how to organize these data and how to 
determine the status of a colony is found in Appendix VII.  It is recommended to visit and re-treat 
a colony, if needed, two weeks after the first treatment, and at least monthly afterwards.  

 
Permitting 

All intervention activities must be coordinated with the DNER. All participants conducting 
intervention activities must be trained to do so and have the applicable permit from the DNER.  
The training and workshops are provided by DNER, following a curriculum designed to prepare 
volunteers on the activities and skills needed for intervention. For the permit to intervene on a 
coral reef with SCTLD, the participant must fill out the Application for Emergency Authorization 
for Coral Management Activities against SCTLD, or the Solicitud para autorización de emergencia 
para actividades de manejo de corales contra la condición SCTLD. This document must be 
submitted directly to the DNER. Permits are issued for a one-year period; therefore, permits should 
be renewed annually if intervention activities are expected to be continued. Note that permits can 
take weeks to months before they are reviewed and issued, therefore both new permits and permit 
extension requests should be submitted a few months ahead of time. It is also important to note 
that this permit does not apply to scientific research.  For SCTLD research related activities, the 
permitting process and the required documents are separate.  

Federal authorization for coral disease response activities is covered under the Programmatic 
Biological Opinion on Research, Restoration, and Relocation of Threatened Caribbean Corals 
(2016) and the DNER does not need to coordinate with the NOAA Protected Resources Division 
(PRD) unless the actions are funded, authorized, or carried out by a federal agency. However, 
groups collaborating in intervention activities have the responsibility to inform and coordinate the 
response with the DNER. 

 
Communications 
Communications are necessary to expand awareness of the importance of coral reefs, help to 
change public behavior that can be harmful to reefs, and increase protection and conservation 
activities. Communications pertaining to SCTLD intervention help to raise awareness about the 
threat of the disease and promote support with intervention efforts, for example, documenting the 
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presence of the disease in sites where intervention could be conducted, identifying volunteers to 
join intervention efforts, and gaining public support in these efforts. 

In the countries and territories where SCTLD appeared, education and outreach to stakeholders 
and the public has been of great importance. In 2019, various stakeholders in Puerto Rico began 
to meet and collaborate in planning the response to SCTLD, including how best to communicate 
these efforts. Collaborators have worked together to translate and create educational materials to 
inform scientists and the public about the disease outbreak. This information is shared on social 
media, in presentations, and through email groups to the coral reef community. In addition, virtual 
and practical trainings are provided to train stakeholders on how to evaluate, report, and apply 
treatment to colonies with SCTLD, some of which have been recorded and shared on the Coral PR 
YouTube channel.  

To inform scientists of the coral reef sites where intervention has been conducted, increase 
collaborations in treatment areas, and avoid duplicating assessment and treatment efforts, an email 
group was created to share information on coral disease response and monthly meetings are held 
with key stakeholders. Infographics and additional webpages providing information on SCTLD 
and intervention activities in Puerto Rico are being developed and updated for greater accessibility 
to the public and scientists.  

 

Coral Reef Intervention Site Selection 

Methodology 
In order to rank coral reef sites to help determine where to focus SCTLD intervention efforts with 
the available resources, the DNER Coral Program met with state and federal government 
stakeholders to determine the list of criteria used to prioritize intervention sites. During this 
meeting, a list of possible criteria for ranking each site was discussed. Table 1 shows the list of the 
selected criteria. 

Using these criteria, coral reef sites were assessed using five datasets where quantitative and/or 
qualitative data was collected. The dataset sources were the Puerto Rico Coral Reef Monitoring 
Program (PRCRMP) from 2018 to 2020, the National Coral Reef Monitoring Program (NCRMP) 
benthic assessment dataset from 2019, the NCRMP coral demographic dataset from 2019, data 
collected by NOAA from surveys around the island after Hurricane Maria in 2018, and information 
from a participatory mapping exercise conducted in 2021 by Emma Korein, National Coral Reef 
Management Fellow.  The first four datasets contained quantitative and qualitative data, while the 
participatory mapping exercise contained qualitative data. The participatory mapping exercise was 
conducted with 30 coral research, conservation, and management experts representing 20 
organizations across Puerto Rico. Using the program SeaSketch, participants were asked to select 
sites which they believed should hold priority in coral disease monitoring and intervention efforts 
based on a range of criteria, including ecological value, economic value, cultural value, disease  
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prevalence, chance of recovery from disease, risk of disease outbreak, previous monitoring effort, 
and logistical considerations. 
 

Table 1. A list of criteria selected by stakeholders to use in the SCTLD intervention site ranking process. 

Data representing each of the selected criteria were extracted and consolidated into an Excel 
spreadsheet. Each dataset was reviewed separately since data cannot be compared directly due to 
the use of different methodologies. Within each dataset, data was standardized with values from 0 
to 1, while applying a weighted value determined by the state and federal stakeholders. All final 
standardized and weighted values were averaged to provide a ranking of each site per dataset.  The 
top three sites per region of Puerto Rico (north, south, east, west, Vieques, and Culebra) were then 
used as a starting point to select sites for SCTLD intervention efforts.  

The links to publicly available data are: 

• PRCRMP reports: https://www.drna.pr.gov/coralpr/monitoreo/ 
• PRCRMP data: https://www.ncei.noaa.gov/access/metadata/landing-

page/bin/iso?id=gov.noaa.nodc:0204647  
• NCRMP datasets: https://www.ncei.noaa.gov/archive/accession/0217139  
• NOAA Hurricane Maria Assessment: 

https://www.ncei.noaa.gov/access/metadata/landing-
page/bin/iso?id=gov.noaa.nodc:0221189  

Ecological Criteria Definition 
High abundance of 
susceptible, treatable coral 
colonies 

Includes the sites with the highest density, coverage and/or 
number of susceptible, treatable colonies in comparison to other 
sites 

Structure Sites with large, reproductively active, reef-building corals that 
are susceptible, treatable colonies 

Epidemiology Definition 
Status of site pertaining to 
SCTLD 

The site’s SCTLD status as of August 2021. With SCTLD, 
Without SCTLD, or presumed to have SCTLD. 

Treatability Definition 

Site accessibility General consideration of accessibility, such as the distance from 
boat ramps or land, general conditions, depth, and wave energy 

Previous treatment for 
SCTLD 

The site has or has not been previously treated for SCTLD as of 
August 2021 

Regularly visited sites If the site is regularly visited by a group, defined as at least 
once a month 

Availability of low cost or 
free resources Low cost or free transportation and availability of volunteers 

Economic Contribution Definition 

Economic value If the area is economically important, including if the site is 
found within a Marine Protected Area 
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Top sites for SCTLD Intervention in Puerto Rico 
Six coral reef sites, one per region, were selected as the top sites for intervention efforts using the 
results of the ranking exercise described above and validation by stakeholders. The list of the top 
sites selected for SCTLD intervention are listed in Table 2 and mapped in Figure 5. 

 
Table 2. Using the top three sites per region per dataset determined by the ranking exercise and 
stakeholder validation, one coral reef site was selected per region to focus SCTLD intervention 
efforts per region in Puerto Rico.  

Region Site Coordinates 
North Peñon de Mera 18.48900, -66.67630 
West Tres Palmas 18.34766, 67.26411 
South Pinaculos 17.93263, -67.0117 
East Palominos 18.3373, -65.5654 
Vieques Mosquito 18.16185, -65.49912 
Culebra Carlos Rosario 18.3307, -65.3331 

 

 
Figure 5. A map of the coral reef sites in Puerto Rico that were selected as potential sites to focus 
intervention efforts.  

 
Before applying treatment at a site, the site will need to be assessed and verified to ensure that 
intervention is possible or needed. Some of these sites do not have SCTLD as of September 2021, 
and others will require ideal weather conditions for at least three days in order for the applied 
treatment to be effective. Although an attempt was made to take into account weather conditions 
while selecting sites for intervention, it is difficult to know how the weather will affect the site or 
will change throughout the year, especially in areas that have not previously been treated for 
SCTLD.  In the case that SCTLD responders are not able to intervene at one or more of the above 
sites for any reason, or responders are ready to move on to a new site, the top three sites per region 
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per dataset were reviewed by stakeholders with local knowledge of each region, and three 
additional backup sites considering the ranking exercise and/or local knowledge for each region 
were also included (Table 3). Maps of each region are found in Figure 6, Figure 7, Figure 8, and 
Figure 9. 
 
Table 3. Using the top three sites per region per dataset from the ranking exercise and stakeholder 
knowledge, three backup coral reef sites were selected per region for SCTLD intervention efforts 
in Puerto Rico. 

Region Site Coordinates 
North La Ocho 18.46835, -66.09176 
North Arrecife Roncador 18.342962, -65.61379 
North Arrecifes Isla Verde 18.448965, -66.01670 
West El Ron 18.102967, -67.28540 
West El Negro 18.15425, -67.24183 
West Buye 18.044856, -67.20308 
South Turrumote II 17.9165737, -66.97248 
South Cayo Coral 17.93626, -66.88836 
South Media Luna Channel 17.935351, -67.05061 
East Cayo Largo 18.31604, -65.57680 
East Cayo Lobo 18.373081, -65.56984 
East Seven Seas 18.373854, -65.63744 
Vieques Punta Arenas 18.10098, -65.57663 
Vieques Cayo Blanco 18.17115, -65.46693 

Vieques Coral reef in northern Vieques 
(no name) 18.15412, -65.47327 

Culebra La Raja 18.336817, -65.336097 
Culebra Carlos Rosario S 18.3271008, -65.33139801 

Culebra 
Coral reef between Punta 
Tamarindo Grande y Punta 
Tamarindo (no name) 

18.32265, -65.32595 
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Figure 6. A map of the selected SCTLD intervention sites in the north and east of Puerto Rico. 
Blue pins are the primary sites (Peñon de Mera in the north and Palominos in the east), while 
red pins are secondary coral reef sites.  
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Figure 7. A map of the selected SCTLD intervention sites in the south and west of Puerto Rico. 
Blue pins are the primary sites (Pinaculos in the south and Tres Palmas in the west), while red 
pins are secondary coral reef sites. 
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Figure 8. A map of the selected SCTLD intervention sites in Culebra Island, Puerto Rico. The 
blue pin is the primary site (Carlos Rosario), while red pins are secondary coral reef sites. 
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Figure 9. A map of the selected SCTLD intervention sites in Vieques Island, Puerto Rico. The blue 
pin is the primary site (Mosquito), while red pins are secondary coral reef sites. 

 
Recommendations 

The following recommendations related to SCTLD intervention can help to efficiently invest 
resources in efforts that are beneficial to the health of coral reefs. 

1. Monitor colonies treated for SCTLD and treat as needed to increase success in halting lesions 
and likely increase colony survival. 

2. Improve and increase communications about SCTLD intervention, while adapting the message 
to ensure that the target audience is reached in the way intended.  

3. Use a consistent message among local SCTLD stakeholders to communicate intervention 
efforts to legislators, scientists, and the general public. 

4. Expand capacity in the response to SCTLD by training different groups around the island in 
coral reef assessment and SCTLD intervention. In addition, expand research capacity locally. 
For example, identify possible collaborations with professors, undergraduate, master’s and/or 
doctoral students that are interested in focusing their research on SCTLD intervention. 
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5. Develop a broad citizen scientist program where citizens can help assess coral reef health and 
track disease progression by providing a platform for communicating reef condition in a central 
location. Citizens who spend time in the water regularly, for example snorkelers, divers, 
fishermen, surfers, among others, are found throughout the island and have and can continue 
to provide important information about coral reef conditions.  

6. Conduct a statistically sound assessment to determine the changes in the structure and 
composition of coral communities associated with the disease outbreak and the effectiveness 
of treating coral colonies with SCTLD locally. Miguel G. Figuerola Hernández, Coral Reef 
Specialist under the DNER Coral Reef Conservation and Management Program, developed 
experimental designs that could be used to answer the following questions: 

• What are the changes in the structure and composition of the coral reef benthic community 
(abundance and diversity) that occur due to SCTLD impact/outbreaks? 

• What are the long-term changes in colony mortality in treated and untreated corals between 
depths and SCTLD sites? 

The experimental designs are accessible by the link below: 

https://www.ncei.noaa.gov/data/oceans/coris/library/NOAA/CRCP/other/grants/Hernandez2021
_ExperimentalDesign_SCTLD_PR.pdf 

 
Next Steps 

The next step for Puerto Rico to improve its response to SCTLD is to continue expanding and 
strengthening SCTLD response efforts.  This includes identifying groups of interested scientists 
and citizens around Puerto Rico that can dedicate their time to SCTLD intervention efforts, and 
providing those groups SCTLD intervention training and the resources they need for these efforts. 
This way, intervention efforts can be expanded across the archipelago. In addition, high level and 
public communications should be tailored to the audience and continue to expand to gain support 
in these efforts.  Interorganizational collaborations and grant opportunities for intervention efforts 
exist and can be used to strengthen capacity for intervention.  
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Appendices 

Appendix I. SCTLD Susceptible Coral Species 
This list is adapted from the 2018 SCTLD Case Definition.  
Highly susceptible species 

• Colpophyllia natans (boulder brain coral)  

• Dendrogyra cylindrus (pillar coral) – Threatened species 

• Dichocoenia stokesii (elliptical star coral)  

• Diploria labyrinthiformis (grooved brain coral)  

• Eusmilia fastigiata (smooth flower coral)  

• Meandrina meandrites (maze coral)  

• Meandrina jacksoni (whitevally maze coral) 

• Pseudodiploria strigosa (symmetrical brain coral)  

• Pseudodiploria clivosa (knobby brain coral)* 

• Montastraea cavernosa (large-cup star coral)** 
* In Vieques Island, it does not appear that P. clivosa is highly susceptible, as in one local 
reef surveyed in its entirety 41% of P. strigosa colonies were infected with SCTLD, while 
only 2% of the P. clivosa colonies were infected (Sarah Elise P. Field, pers. comm.). 
However, in Cayo Diablo, a higher percentage of P. strigosa colonies were seen to be 
infected with SCTLD (Stacey Williams, pers. comm.), suggesting that susceptibility may 
be site specific.  
** M. cavernosa was identified as a highly susceptible species in some areas, including 
Puerto Rico, and as intermediately susceptible species in Florida. 

Intermediately susceptible species 

• Orbicella annularis (lobed star coral) - Threatened species  

• Orbicella faveolata (mountainous star coral) - Threatened species  

• Orbicella franksi (boulder star coral) - Threatened species  

• Solenastrea bournoni (smooth star coral)  

• Stephanocoenia intersepta (blushing star coral)  

• Siderastrea siderea (starlet coral)**  
** As mentioned in the Case Definition (2018), there is uncertainty as to whether S. siderea 
shows signs of SCTLD or of a different disease.  This species may show signs of disease 
earlier than other highly susceptible species during outbreaks. However, anecdotal 
evidence suggests that due to the pattern of lesions and the difference of duration of tissue 
loss in comparison to other susceptible species, the disease affecting S. siderea may be 
different from SCTLD. 
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Appendix II. Roving Diver Survey Methodology 
To conduct a roving diver survey in search of SCTLD, the diver should swim through the coral 
reef site, while recording information on SCTLD susceptible species. Several divers can conduct 
the survey at one site, but they must avoid overlapping each other and should submit data 
separately. 
Non-susceptible species, should not be included in this survey, including Millepora species. 
Siderastrea siderea (SSID) can be very common on some coral reef sites, and it may be difficult 
to count all of the colonies.  This species can be included, however, if there are too many colonies 
and it makes it difficult to record all of them, then a description of the observation can be included 
under “Additional Notes” on the datasheet. 

The roving diver survey should be conducted as follows: 
1. Swim around the area, staying within approximately 50m of a buoy line for at least 10 

minutes. If conducting a survey with other divers, avoid overlapping the area surveyed with 
one another. 

2. For each survey, collect the following data using the designated datasheet. 
a. Name 

b. Date 
c. Site 
d. Latitude and Longitude (in decimal degrees at the survey starting point [ex. 

17.970115, - 67.040006]) 

e. Start and end time of the survey (10 minutes or more) 
f. Average survey depth 

g. Type of coral reef (Reef crest, patch reef, forereef, or others) 
3. Record the code of the coral species identified during the survey, excluding species not 

susceptible to the SCTLD. Use the code legend in the data sheet. Focus your observations 
on colonies larger than 10 cm. For each species, count and record the number of colonies 
displaying one or more of the following conditions: 

a. Recently dead colonies that are presumed to be due to SCTLD; colonies dead from 
other causes (physical damage, overturned) must be excluded.  

b. Sick colonies that still have living tissue and colonies showing any signs of SCTLD. 

c. Colonies that do NOT show signs of SCTLD, but show pale, white, or dark spots. 
d. Healthy colonies that are not actively sick and don’t have any abnormal signs. 

Photos of unusual sightings or diseases of interest can be taken but are not required. 
Note: This methodology can be used for quick assessments of reefs, however, for a more accurate 
estimate of SCTLD prevalence or to monitor reef recovery over the long-term, permanent 
transects, randomly stratified across a reef site, will provide a better understanding of prevalence 
and recovery. 
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Appendix III. Roving Diver Survey Datasheet 
Name: Site: Start time: 
Date: Type of Coral Reef: Final time: 
Longitude: Depth: Excluding species that are not 

susceptible to SCTLD Latitude: Temperature: 
 

Species Code 

# of colonies with 
recent mortality 
(probably due to 

SCTLD) 

# of colonies 
actively sick 

# of corals with 
abnormal signs 
(pale, white, or 

dark spots) 

# of healthy 
corals 
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Appendix IV. Materials used to apply treatment 
Examples of products used to apply treatment 
Antibiotic (amoxicillin) (50g) 
CoralCure Base2B (Ocean Alchemists) (400g) 
Syringe (60mL) (instead of a caulking gun with empty caulk tubes) 
Caulking gun (instead of syringes) 
Empty caulk tubes 

Bowl to mix antibiotic and Base2B 
Spatulas, metal spoons and/or forks to mix and pack antibiotic and Base2B 
Nitrile gloves 
Steel drilling hammer (1-48 oz or 1-32 oz.) 
Cattle tags, numbered 

Nails, 2 or 2.5 inches 

Bleach (disinfectant) 
Bin to disinfect gear (38 gal) 
Mesh bag 
Small cooler 

Underwater Slate (or clipboard and waterproof paper) 
Pencils 
Clips 
Camera 
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Appendix V. SCTLD Treatment Datasheet 
Site Date   Diver/Snorkeler Names 

  

Coordinates Tag 
# Species 

% of 
coral that 
is dead or 

sick  

Max. 
Length 

Max. 
Height 

# of 
treated 
lesions 

Notes (ex. Tag 
color, if the 

colony is deal, 
if another 

treatment was 
used 
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Codes for species susceptible or possibly susceptible to SCTLD 
 
Códigos para las especies de corales 
CNAT1 Colpophyllia natans Boulder brain coral 
DCYL1 Dendrogyra cylindrus Pillar coral 
DSTO1 Dichocoenia stokesii Elliptical star coral 
DLAB1 Diploria labyrinthiformis Grooved brain coral 
EFAS1 Eusmilia fastigiata Smooth flower coral 
MMEA1 Meandrina meandrites Maze coral 
MJAC1 Meandrina jacksoni Whitevalley Maze Coral 
PSTR1 Pseudodiploria strigosa Symmetrical brain coral 
PCLI1 Pseudodiploria clivosa Knobby brain coral 
OANN2 Orbicella annularis Lobed star coral 
OFAV2 Orbicella faveolata Mountainous star coral 
OFRA2 Orbicella franksi Boulder star coral 
MCAV2 Montastraea cavernosa Great star coral 
SBOU2 Solenastrea bournoni Smooth star coral 
SINT2 Stephanocoenia intersepta Blushing star coral 
SSID2 Siderastrea siderea Massive starlet coral 
AAGA3 Agaricia agaricites Lettuce coral 
ALAM3 Agaricia lamarcki Lamarck’s sheet coral 
AGAR3 Agaricia spp. - 
MFER3 Mycetophyllia ferox Rough cactus coral 
MALI3 Mycetophyllia aliciae Knobby cactus coral 
MAUR3 Madracis aurentenra Yellow pencil coral 
FFRA3 Favia fragum Golfball coral 
HCUC3 Helioseris cucullata Sunray lettuce coral 
MANG3 Mussa angulosa Large flower coral 
SCOL3 Scolymia spp. - 
ISOP3 Isophyllia spp. - 
1 = Alta susceptibilidad, 2 = susceptibilidad intermedia, 3 = susceptibilidad 
baja/desconocida 
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Appendix VI. Treatment application   
When treating corals, prioritize large colonies with small, new lesions. 

 
Preparation of the amoxicillin and Base2B mixture 

IMPORTANT: 

• Those allergic to penicillin, cephalosporin, or any antibiotic among beta-lactams (β-
lactam), must consult their doctor before working with amoxicillin. 

• Follow the precautionary measures required to work with chemical / pharmaceutical 
products. Nitrile gloves are recommended to avoid skin contact and cross contamination. 
It is important to wear a mask to avoid inhaling powdered amoxicillin. 

• Store amoxicillin and CoralCure Base2B in the refrigerator and transport the ointment in a 
cooler with ice. 

 
1. Thoroughly mix a 1:8 ratio of amoxicillin to CoralCure Base2B to create the ointment for coral 

treatment (For example: 400 g of CoralCure Base2B and 50 g of amoxicillin). 

• A sample of 100 g amoxicillin and 800 g of 
CoralCure Base2B can yield enough product to treat 
up to 50 corals in one day of field work (~ 2 dives) 
between two divers using between 11-13 syringes. 
A 50-60 cc syringe is sufficient to apply between 
180-200 linear cm of treatment. However, the 
number of colonies that can be treated per treatment 
quantity will depend on the number of lesions, the 
size of the lesions, the skeletal structure of the coral 
species being treated, among other factors including 
the experience of the diver. Syringes are the best option for working in hard-to-reach areas 
and when a group of divers will be applying treatment at the same time, as the treatment 
could be divided in more syringes. For open areas and a reduced number of divers applying 
treatment, a caulking gun should be considered to simplify field work by reducing the 
number of items to carry and clean. 

2. Pack the ointment into syringes or an empty tube for the caulking gun (pull out the plunger and 
use a spatula or spoon to pack ointment from the back). To use catheter syringes, you may need 
to cut the tip of the syringe to improve flow. 

3. Store the syringes in a refrigerator or cooler with ice until use. Treatment must be mixed as 
close as possible to the moment of application. 

Tip 
Mixing the paste and the 

antibiotic between 12 to 18 
hours before its application in 

the field, keeping it refrigerated, 
helps the treatment adhere 

better to the surface of the coral 
colonies. 
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Applying treatment ointment to coral colonies 

Use the syringe to apply the amoxicillin and Base2B 
ointment along the lesion and the immediate 
surrounding area (~1 cm). When applying, spread and 
press down with your finger. If possible, use gloves to 
avoid skin contact. 
The mixture adheres best to the colony skeleton rather 
than to the tissue. Note that the coral tissue under the 
ointment will die, so try to place only a small amount 
over live tissue. Small amounts of the mixture may float 
but can usually be caught and added to the application. 
When the coral colony has its tentacles exposed, which 
is commonly seen in the pillar coral (D. cylindrus), the 
ointment does not adhere well to the lesion. If this 
happens, you can use a small amount of modeling clay 
to anchor the ointment and hold it in place. It is 
important to make sure that you do not cover the ointment completely with the modeling clay, 
as water must flow through the ointment for it to work. 
The process of treating a colony can take an average of approximately 5-16 minutes per coral, 
depending on factors such as the length of the lesions, the underwater conditions, among 
others. This includes the time it takes to search for the colony, tagging, and treatment. 

  
Tagging colonies 

It is recommended to tag about 10 colonies or 10% of treated colonies per site, or more, with 
numbered cattle tags to use these colonies in determining treatment success over time, as well 
as increase the probability of finding the same treated colony in future treatments. If any tagged 
colony dies, the tag should be removed and can be used for another treated colony. To tag a 
colony, nail a numbered tag close to a colony or within the dead area of the colony. Always 
make sure that the tag is nailed into dead substrate, and that it does not break or touch a live 
organism, including the live tissue of the coral colony. Attempts should be made to revisit these 
colonies regularly, for example, two weeks after the first treatment and monthly thereafter, 
treating the colony whenever one or more disease lesions are noted to be progressing. 
 
When placing a tag on the dead part of a coral colony, care should be taken as not to break the 
coral colony, thus it is not recommended to place the tag directly on the coral colony treated, 
unless it is large, solid, and stable.  Tags can be used as a reference to draw a map of the 
treatment site so that treated colonies can be relocated during additional visits. This will 
decrease the number of tags needed while being able to identify and monitor more treated 
colonies.  Treated colonies can also be monitored without a tag by using a time series of photos. 
This will require the divers to be familiarized with the reef and remember the corals that were 
treated so that they can return and take photos during every visit. 

 

Tips: 
• Syringes are positively 

buoyant. If you tape multiple 
nails around a syringe, it helps 
to maintain neutral buoyancy. 

• The caulking gun tubes are 
also positively buoyant, so 
they should already be in the 
caulking gun when taking 
underwater. 

• Cleaning the exposed skeleton 
of algae and sediment can 
help the treatment stick. 
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Appendix VII. Methodology for data management 
This methodology is based on the data management methodology implemented by the United 
States Virgin Islands (USVI) SCTLD response group.  
All colony treatment and monitoring data in Puerto Rico are organized in an Excel data sheet. The 
SCTLD treatment data sheet should be used to collect data on the colonies that are treated in the 
field. Treatment data to collect in the field includes: 

• Region 

• Site name 

• Coordinates (latitude and longitude of 
the colony or site) 

• Date 

• Tag number (if tagged) 

• Maximum colony length 

• Maximum colony height 

• Species (Use the four-letter species 
code made up of the first letter of the 
genus and the first three letters of the 
species) 

• Number of treated lesions 

• Additional notes, such as the tag color, 
the type of treatment used, if the colony 
is dead, etc.

 
Additional data can be collected either in the field or through photos that are taken of each colony 
by the divers. It is important that you keep this in mind when taking the photo, as it may be used 
as a reference to collect other data, such as: 

• Percent of the colony that is sick or dead 

• The current status of the colony 
o This information is obtained using previous photos of the colony and comparing 

them with current photos to determine how it has changed. 

 
The status assigned to each coral colony are: 

• Treated: Treated for the first time 

• Halted: If after being treated one or more times, all previously treated lesions have not 
progressed beyond the treatment line (appear to have halted) 

• Declining: If one or more lesions have progressed beyond the line of previously applied 
treatment 

• New appeared: If one or more new lesions have appeared on the colony since the last 
visit to the colony 

• Untreated: Not treated 

• Dead: Completely dead 

• No photo: The colony status could not be determined because of missing photos. 
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Photos 
All intervention photos are organized by the DNER Coral Reef Program. Photos are organized and 
named using the following structure below. 

Complete photo name: tag number or X if untagged, species code, number pertaining to the 
number of the same species visited in that site on that day (if untagged),  -, number pertaining 
to the number of photos of the same colony 

Tag number: Full number of the tag marking the colony. If the colony is not marked, X is 
used. No space is used between the tag number and the species code. 

Species code: The first letter of the genus and the first three letters of the species. If the species 
is unknown, use the first letter of the genus and SPP. If the species and genus are unknown, 
UNKN is used. 
Number pertaining to the number of the same species visited in that site on that day: All 
photos taken at a site on the same day will be saved in the same folder. Many photos of the 
same species will likely be taken, so to differentiate these different colonies a number is used, 
starting with 1, for colonies that are not tagged. This number may be omitted if the colony is 
tagged.  

Dash: Include the dash (-) after the previous number 
Number pertaining to the set of photos of the same colony: All photos of the same colony 
will be named by including a number starting at 1 for the first photo of that colony, 2 for the 
second photos of that colony, and so on. This is to differentiate different photos of the same 
colony. 

 

 

Examples 
001MCAV-2 is an Montastraea cavernosa (MCAV) colony treated and tagged with the 
tag number 001 and it is the second photo in a set of photos of the same colony. 
 

XPSTR3-5 is a Pseudodiploria strigosa (PSTR) colony treated but not tagged (X), it is 
the third (3) P. strigosa not tagged in the site visited that day and it is the fifth (5) photo 
in a set of photos of the same colony. 

 

When taking photos, please:  

• Take a maximum of 6 representative photos of the colony 

• The first photo should be of the TAG ONLY, unless the colony has not been tagged. 

• The following photo should be of the colony with the tag, if possible. Photos thereafter should 
be of the colony as a whole. 

• Take at least one photo before and one after treatment, if possible. If concerned that the 
camera battery will run out and you must choose, it is preferable to take the photo after 
treatment has been applied.  
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