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1. Introduction: the need for population management of A. palmata 

in Florida.  
 

The primary audience for the present document is the set of practitioners, researchers and resource 

management agencies using active population management to recover the elkhorn coral, Acropora 

palmata, particularly in the Florida Reef Tract in North America (Figure 1). Together we call this 

audience, and their management activities, the Florida Palmata Population Program, or “F3P” (see 

section 3 below). However, this document may also be useful as a model for those interested in 

managing other corals in human care, in ocean- or land-based systems, elsewhere in the world.  

In the context of the Critically-Endangered Caribbean coral reef ecosystem (Keith et al. 2013) the reef-

building “ecosystem engineer” elkhorn coral (Acropora palmata) is Critically Endangered range-wide 

(Miller et al. 2022). It is also listed as threatened under the US Endangered Species Act (ESA; Vardi et al. 

2021; NOAA Fisheries 2025b). Therefore, range-wide elkhorn coral recovery is mandated by US statute 

(National Marine Fisheries Service 2015).  

  

Figure 1: Distribution of habitat for A. palmata in southern Florida; blue areas show potential habitat while pink 

indicate Critical Habitat for Acropora species as designated by NOAA (from Wirt et al. 2015). 

 

Recovery of A. palmata in Florida will require a wide range of interventions, including effective policies 

and actions to stabilize the climate, water quality management, legislation, enforcement, education, and 

more – in addition to the focus of this document: population management of A. palmata. In general, 

population management is the process of making and acting on informed decisions about the 
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location/arrangement and reproduction of a set of organisms, to influence demographic and genetic 

features of that population, in order to achieve defined management goals. More specifically in the case 

of A. palmata, population management activities are those involving direct human care and 

manipulation of corals to achieve applied population goals, in land- or ocean-based settings, including 

their collection, rescue, display, gene banking, spawning, crossing, growth, asexual reproduction, and 

outplanting. For example, outplanting consists of ‘head starting’ or ‘gardening’ corals by subsampling 

fragments of remaining colonies from the wild, reproducing them under some degree of human care, 

and then re-placing them in strategic reef locations again in the wild (Kuffner et al. 2020), reinforcing 

wild populations which are declining.  

A carefully considered program for population management will be an essential component of any 

recovery efforts on behalf of A. palmata on the Florida Reef Tract, for at least three reasons. The first is 

the enormous demographic scale of needed efforts, combined with the very limited genetic diversity 

remaining in this population (Appendix 6, below). The second is complex conservation context, with 

interacting biological, abiotic, social, and economic factors that require coordinating population 

management actions with other conservation efforts on behalf of A. palmata, such as ecosystem 

restoration (Gann et al. 2019) and interventions that address threats (Office of National Marine 

Sanctuaries 2025). Finally, although outplanting has been a major population management activity in 

Florida in recent years, recent major heat-stress induced bleaching and die-offs (Neely et al. 2024) have 

revealed a need to carefully consider future scenarios and population management options prior to 

further action.  

Indeed, the need for genetic and demographic management in successful coral restoration is well 

recognized (Vardi et al. 2021), and population management is commonly used in many other threatened 

species worldwide (Frankham et al. 2017a). However, to date the development of population 

management programs for coral has been limited (see Firchau 2025 for the one example we are aware 

of). This is partly because the situation has only recently become sufficiently critical to warrant species-

focused programs in corals, and partly because many current population management approaches, 

management tools and guidelines were designed specifically for vertebrates, and are inappropriate for 

A. palmata life history. Nonetheless, this document is intended as a useful step for overcoming such 

barriers. 

 

2. Purpose and scope of this assessment 
 

Determining the details of how exactly A. palmata population management activities should take place 

in Florida is beyond the scope of this document. Rather, the purpose of this assessment is to identify 

the major elements required for future effective population management, to document their status 

where possible as of early 2025, and to suggest next steps where a status assessment was not feasible. 

Thus, we set a baseline for identifying, prioritizing, and filling gaps on the road toward developing a 

comprehensive population management program for A. palmata in Florida.  

Throughout, we use boxes to indicate summary recommendations and next steps. 
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Some of the elements required for successful population management include: 

 

● A team of people to execute the program; 

 

           

● Governance: A clear institutional context and a management structure, 

protocols, and process; 

 

             

● A management strategy, or plan, to guide the program;  

 

      

● Biological resources – the living contents of the current and potential 

population segments of the target species, on land and in the ocean, both in 

and outside of human care; 

 

             

● Husbandry skills and protocols, and current management strategies; 

 

● The commitment of physical space and infrastructure; 

 

           

● The data available, along with the collection, storage, and analysis programs 

and systems; and  

 

            

● Financial resources. 

 

All elements except financial resources are addressed at least briefly in this assessment.  

Companion documents to the present assessment, the 2023 and 2024 “Recommendations and 

Guidelines,” (Rodriguez-Clark et al. 2023; Rodriguez-Clark et al. 2024) distill the top priorities for 

attention that emerged from this assessment, at particular points in time. They also provide general 

guidance for hands-on practitioners needing to make immediate management decisions, even while a 

full detailed program is still in development. Assessments, recommendations, and guidelines will all 

need updating and revising as conservation of A. palmata in Florida and elsewhere advances. 

 

 

 

 

 

A NEXT STEP: FEEDBACK FROM PARTICIPANTS. A useful future next step for this document overall will ask 

all F3P participants to provide their input and contributions for the next version. Such feedback was 

originally envisioned for this version, but had to be postponed repeatedly due to the 2023 marine 

heatwave, 2024 hurricanes, and other events that affected participants during the span covered by grant 

funding. 
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Finally, a Glossary at the end of this assessment defines acronyms used throughout, as well as 

definitions of key technical terms (Appendix 1). Note in particular we avoid using the terms “in situ” and 

“ex situ” in this report in order to limit confusion, as the coral restoration community at times may use 

these differently than the wider conservation community (IUCN/SSC 2014). Instead, we use the term 

“wild” to indicate one category of corals (in their natural habitats with no deliberate human 

management), and “in human care” to describe a second category (corals under some degree of 

management, whether land- or ocean-based, in a nursery or on the reef). A third and final category 

consists of some formerly managed corals that have been placed on natural substrates in reef habitats, 

with only occasional subsequent monitoring. We denote these (which are neither “wild” nor “in human 

care”) as “outplanted.”  

 

3. Methods for the assessment 
 

To create the current assessment, we conducted five sets of activities.  

The first was a literature review, used to compile a bibliography on a Confluence website hosted by the 

Smithsonian Institution to organize and store references (Rodriguez-Clark 2025). The function of the 

website was to make them easily available, and to facilitate collaboration among team members. 

The second set of activities was identifying and connecting project participants (Appendix 2), via an 

online cloud computing platform (Google Drive) approved by the sponsoring agency, NOAA. We created 

a database of program participants using a modified “snowball” method (Voicu & Babonea 2007). Using 

this method, the program leader suggested likely participants, who we then contacted, asking them to 

confirm their contact details, program roles, and participant status, and to suggest any additional 

participants. We repeated this until no further participants were added. The program leader confirmed 

the final list. 

The third set of activities encompassed a set of virtual meetings, in-person meetings, and site visits 

with program participants. In total, we conducted ~22 semi-structured interviews (Adams 2015) during 

about ~45 hours of meetings held virtually from May 2022 – March 2023 and in person between May 

22-28, 2022, in Miami and the Florida Keys; June 23-25, 2022, in the Tampa/St Petersburg area of 

Florida; and September 25-30, 2022, and December 8-14 2024 at the Reef Futures Conferences in Key 

Largo, Florida and Cancun, Mexico. Interview formats varied but generally covered the topics 

summarized in the different sections of this assessment, below.  

In parallel, a fourth activity included identifying software options for future modeling work to support 

planning for active restoration. This included first examining data and expertise requirements for a set 

of software options, and then evaluating options in light of the data and expertise available, as well as 

the modeling needs identified from the interviews conducted to date. A fifth and final set of activities 

included drafting this assessment and its companion recommendations and guidelines.  
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4. Participants and governance 
 

Many people and organizations involved 

The driving force behind this assessment and companion documents, as well as the larger effort to 

recover A. palmata on the Florida Reef Tract, is the ESA (US) mandate to recover the species range-wide. 

The NOAA National Marine Fisheries Service Protected Resources Division (NMFS or NOAA Fisheries) has 

the responsibility to oversee the fulfillment of this mandate (National Marine Fisheries Service 2015; 

NOAA Fisheries 2025b). A secondary driver is the high priority use of A. palmata in Caribbean coral reef 

restoration efforts given its importance to the development and maintenance of reef ecosystems. 

The people involved in population management of A. palmata in Florida currently fall into three groups 

with respect to the present assessment: “core”, “direct” or “indirect” participants (Appendix 2). Core 

participants were named on the grant that funded this work, and advised on and reviewed all major 

communications, presentations and documents prior to sharing. This group serves primarily in an 

advisory role, and is mostly not involved in direct implementation. “Direct” participants include those 

involved in contributing in some way to the assessment or the companion documents. These 

participants are furthermore expected to be the primary decision-makers and/or implementers of the 

Florida Palmata Population Program (F3P). Finally, “indirect” participants include those whose work is 

impacted by F3P plans and activities, but who do not directly shape them. 

In total, we estimated that ~80 participants were involved in population management of A. palmata on 

the Florida Reef Tract at the time of this report, although the true number is likely much larger, as we 

did not spend a great deal of effort identifying all indirect participants.  

 Within this total, we identified ~50 direct participants. These consist of:  

• 1 program leader: Jennifer Moore, NOAA; 

• 3 additional governmental authorities:  

• Amanda Bourque, Biscayne National Park;  

• Andy Bruckner, NOAA-Florida Keys NMS; and  

• Lisa Gregg, FWC Division of Marine Fisheries Management; 

• 6 core grantees, who led development of the current assessment (Appendix 2); 

• ~24 practitioners, whose work focuses on achieving applied management targets; 

• ~16 researchers, whose work focuses on producing scientific research to support 

improved management; 

 

Few program management positions formalized  

The team involved in restoration, and the management structures implemented to support their work, 

are central to program success. Presently, among direct participants, no formal F3P management 

structure yet exists, and no one has been formally designated to fill a number of management positions 

that are common in other active management programs of comparable scope. These include a vice- or 
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deputy program leader, who may support the leader in central coordination tasks such as maintaining 

updated participant information and communications, along with a management committee to support 

and oversee program implementation by program leaders. They also include a record-keeper 

maintaining comprehensive demographic and genetic information about organisms in the program, 

used in decision-support analyses (sometimes called a “studbook keeper” or “registrar” in other 

programs; AZA 2019b; EAZA 2019). However, although there is no single F3P record keeper, there are 

several different ongoing efforts to collect and maintain different sets of data relevant to F3P activities, 

each with their respective registrars (see Section 9, below). 

Also not formalized at the moment is an advisory committee and/or lead population advisor, who may 

lead analyses using data provided by record-keepers. Currently, core grant recipients are serving in this 

position, with grant PI Dr. Kathryn Rodriguez-Clark of Smithsonian NZCBI leading, although other existing 

groups may be well positioned to step into this role (See below). Finally, while contacts at each 

participating organization have been identified (Appendix 2), their positions as organization 

representatives and responsible parties for ensuring plans have been executed have also not been 

formalized, with responsibilities spelled out in position descriptions. Because it is not yet clear which 

roles will meet the needs of the proposed program for restoration of A. palmata in Florida, learning 

from related/similar programs may be useful in the development of clear governance structures moving 

forward. 

 

 

Strong culture of multi-organization collaboration around A. palmata in Florida 

The current restoration effort for A. palmata in Florida is a voluntary collaboration among many 

different organizations, with ~24 identified in the current assessment (Appendix 2). Of these, 13 care for 

A. palmata that may be useful to F3P, while 11 entities focus on other program functions, such as 

research, education, or oversight. 

All directly participating entities have extensive experience collaborating with each other to achieve 

Florida coral conservation goals, in the context of other ongoing programs (Table 1a, 1b, Appendix 3). 

Participants regularly share data, equipment, and information, and they generally help each other 

during emergencies and are open to building stronger collaborative structures. Understanding existing 

networks, their members, and their purposes, will be essential to building an effective and efficient 

management structure for the current effort, as well as to reducing confusion among outside entities 

seeking to support, understand, study and otherwise interact with it. Furthermore, this prior experience 

working together and the resulting trusting relationships, are essential ingredients and important factors 

in favor of the future success of the current effort. 

A NEXT STEP: DESIGNATE AN F3P TEAM. Support a team of collaborators to constitute a formal F3P 

management committee, with specified roles such as F3P program leader, vice program leader, 

record-keeper, advisors, and representatives of participating organizations. 
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Table 1A: Organizations with regulatory authority over one or more activities directly related to coral restoration in Florida. 

 

 Entity Scope Relevance 

1 Florida Fish and Wildlife Commission 
(FWC) 

All reefs in FL Collection, manipulation (i.e. fragmentation, propagation movement and holding of any 
species of coral in Florida.  

2 National Oceanic and Atmospheric 
Administration (NOAA) 

All reefs in US Any work in federal protected waters and any work with ESA listed corals.  

3 Florida Keys National Marine 
Sanctuary (FKNMS) 

Activities within the Florida Keys 
National Marine Sanctuary 

Any activity within the sanctuary. 

4 Army Core of Engineers Structures placed in US waters Any deployment of structures or modification of the substrate (i.e. creation of nurseries, 
but not outplanting). 

5 US Fish and Wildlife Service  CITES-listed species Movement of CITES-listed species material into or out of the United States. 

6 US National Park Service All US National Parks Any activity within Biscayne or Dry Tortugas National Parks 

7 Florida Department of Environmental 
Protection (FL DEP) 

Any land/waters managed by a state 
park.  

Authorization required if work in a Florida state park. 

 

 

Table 1B: Committees and organizations that either make formal recommendations related to coral restoration activities in Florida or that serve as a coordinating 

body for such activities. See Appendix 3 for a list of other entities and resources that help support Florida’s coral restoration activities.  

 

 Entity Formality Type  Scope Description & participants Reference 

1 Acropora 
Recovery 
Implementation 
Team (ARIT) 

Formal Advisory  All reefs in US Multi-disciplinary group led by NOAA Fisheries including agency, academic, and 
conservation-oriented entities, appointed by NOAA/NMFS/Protective Resources 
to advise on implementing NOAA’s Acropora Recovery Plan. 

NOAA 
Fisheries 
2024 

2 Florida palmata 
Coordination 
Group  

Informal Implementation 
Guidance 

All reefs in FL ~60 researchers, restoration practitioners, and managers focused on recovery of 
A. palmata. Currently convened by NOAA-National Marine Sanctuary 
Foundation. 

N/A 

3 Mission: Iconic 
Reefs (M:IR) 

Formal Implementation 
Guidance 

Seven reefs 
across Florida 
Keys 

Convened by NOAA, M:IR brings together federal, state, public, private, and 
academic organizations in conducting restoration, monitoring, and stewardship 
of ecologically and culturally significant reefs. Includes site preparation, 
maintenance, and restoration of herbivorous invertebrates. 

M:IR 2019 

4 Florida Coral 
Reef Restoration 
Strategy 

In development Implementation 
Guidance 

Florida Reef 
Tract 

Coordinated by The Nature Conservancy, the proposed objective is to develop a 
statewide plan to scale up restoration across the Florida Reef Tract in a manner 
similar to M:IR. 

N/A 

5 Coral Reef 
Ecosystem 
Restoration 
Working Group 

Formal Advisory FL National 
Marine 
Sanctuary 

Amis to identify: specific areas and zones for active restoration of coral reef 
ecosystem, regulatory impediments and appropriate permitting conditions for 
active restoration of coral reef ecosystem species, and adaptive management 
measures/criteria for opening areas closed for restoration purposes (i.e., 
performance standards for sunset) 

Florida Keys 
National 
Marine 
Sanctuary 
2025 
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This range of integrative and advisory groups addresses different dimensions of Florida A. palmata 

population management, with some focused locally (M:IR, Florida Coral Rescue efforts, Florida Palmata 

coordination), some focused on coral restoration more broadly (CRC Genetics Working Group, AZA Coral 

SAFE), and some focused on Acropora recovery more broadly (ARIT). Some focus on advisory activities, 

while others are focused on implementation or regulation. Nonetheless, there are many common 

participants among them, and this aids in the potential for coordination and implementation of a fully 

fleshed-out Florida Palmata Population Program (F3P). For example, the CRC Genetics Working Group 

can assist with formulating genetic management plans, conducting modeling, and developing new 

genetic methods as needed.  

 

 

     Current program governance: informal apart from permit requirements 

Unlike some of the collaborative networks above, presently there is no single overarching formal 

agreement/MOU, (with accompanying collaboration criteria/rights & responsibilities, dispute processes, 

or other formal governance structures) in place among direct F3P participants (Appendix 2). Rather, 

there are formal obligations among participants arising primarily from permitters and funders at 

present. As such, there are a plethora of bilateral obligations, but there is little overall (mutual) 

formalized structure.  

From a regulatory point of view, permits for outplanting depend on the location of outplants or 

husbandry activities. For outplants, permits from the State of Florida depend on location (Florida Keys 

National Marine Sanctuary 2023). Within a state park, additional permits are granted by FWC and The 

Florida Department of Environmental Protection. Outplanting activities within the boundaries of 

Biscayne and Dry Tortugas National Parks require a research permit from the National Park Service 

(Dept of the Interior), and outplants within the Florida Keys National Marine Sanctuary require a 

separate permit from NOAA. Furthermore, ocean-based nurseries also require permits from the US 

Army Corps of Engineer, while land-based nurseries require status as a certified aquaculture facility from 

the Florida Department of Agriculture and Consumer Services (FDACs) Division of Aquaculture permits.  

Thus, when other required elements fall into place, if more formal governance is needed for 

implementing management activities, a wealth of familiar models exist for building a governance 

structure that can be drawn on to develop what is needed for the current program, both at the level of 

overall recovery (e.g., USFWS 2025), and more specifically at the level of population management (e.g., 

AZA 2019a; EAZA 2019). In particular, several noted that experiences developing Mission: Iconic Reefs 

will be particularly valuable, and will provide the best “pilot” for scaling from the seven M:IR restoration 

sites up to the entire Florida Reef Tract, while narrowing the focus from all the species that M:IR works 

with, to a single coral species (A. palmata). 

A NEXT STEP: REGULARLY UPDATE F3P CONTACTS AND RESOURCES. By the time this Assessment is 

published, the list of relevant participants, organizations, and resources/networks will almost 

certainly be outdated. For effective collaboration, maintain this information updated and share it 

with other participants, as teams collaborate less effectively when they can’t contact each other or 

don’t know who is involved or can provide help. 
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5. Program scope and definition 
 

As a first step toward formalizing program governance, during the course of this assessment, the 

program leader named the program “The Florida Palmata Population Program” (F3P). Although a 

mission and vision have not yet been developed, F3P’s scope is to use active population management 

of corals in human care to support recovery of A. palmata in Florida. This may include rescue, 

propagation, gene banking, cryopreservation, outplanting, and other activities that influence 

populations of A. palmata in Florida, especially those in human care. Doing this has been identified as a 

priority action by NOAA’s Acropora Recovery Implementation Team (ARIT 2024). 

At this stage, however, the F3P population management program has not been formally defined. For 

example, at present there is no specific overarching strategy document detailing desired articulations 

between population management and other conservation activities, nor broadly speaking which 

population management actives should take place, where, or what the geographic, demographic, 

genetic and other characteristics of managed sub populations should be, to name a few uncertainties. 

(At a smaller scale, two sets of specific recommendations have been issued providing guidance on 

urgent population management responses the 2023 marine heat wave; Rodriguez-Clark et al. 2023; 

Rodriguez-Clark et al. 2024).  

In spite of the lack of an overarching F3P strategy document, a recovery plan developed in 2015 by the 

National Marine Fisheries Service, (henceforth the “NMFS Recovery Plan”), maps out the broad contours 

of many of these elements and provides a start (National Marine Fisheries Service 2015). Furthermore, 

the NOAA Fisheries Southeast Office has draft guidelines on population enhancement (National Marine 

Fisheries Service Southeast Regional Office 2016), and the Office of National Marine Sanctuaries has 

engaged in an in-depth process (Office of National Marine Sanctuaries 2025) to develop a restoration 

blueprint for the Florida Keys National Marine Sanctuary, with a management plan that provides crucial 

context at least for part of the Florida reef tract.  

Thus, in order for these broad scoping documents to be broken down into an F3P strategy document for 

the recovery of A. palmata in Florida, with corresponding periodic detailed population management 

plans, it is useful to briefly summarize the threats limiting A. palmata recovery, the theory of change for 

how management will address these, and the definition of program success provided by the NMFS 

Recovery Plan.  

That is, it is important to clarify: WHY conduct population management in the first place? 

 

A NEXT STEP: SET UP APPROPRIATE GOVERNANCE. Consider the different roles in the F3P team, 

specify their responsibilities, and provide them with institutional support to devote time to their 

responsibilities. Raise funds to hire additional help if no existing collaborators can do this. 
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Many threats to A. palmata in Florida  

A. palmata is a hermaphroditic, largely self-incompatible coral that is a major ecosystem engineer 

throughout its Caribbean and north-western Atlantic distribution (NOAA FIsheries 2025a). Although 

descriptions of its natural history and threats are provided elsewhere (Moulding 2022), a brief overview 

of these with respect to Florida is useful in the context of developing a population management plan. 

Once the dominant reef-building coral at depths of 1-15 m, A. palmata abundance in Florida waters has 

been reduced by over 97% of its historic distribution by a combination of selective and random factors, 

whose relative importance are still poorly understood. In brief, populations began a steep decline 

throughout the Caribbean in the 1950s, likely due to a drop in water quality associated with increased 

human population density and use of pesticides (Cramer et al. 2020). Population abundance then 

crashed in the late 1970s and early 1980s due to a severe outbreak of white band disease (Neely et al. 

2022). Following this crash, populations did not recover naturally, and the increasing frequency and 

intensity of hurricanes, disease outbreaks, and bleaching events (worsened by climate change) 

continued to ratchet population sizes ever lower (Table 2). Additional stressors on remaining colonies 

and constraints on population recovery included a die-off of Diadema urchins, grazers that can limit 

algae overgrowth, and snail predation followed by bio-erosion, which undermined the integrity of many 

if not most of the existing populations of A. palmata (Cramer et al. 2020).  

 

Table 2. Major reported mortality events for A. palmata in Florida, 1980 - 2023 

Date Disturbance Type Reference 

1950s Pollution with heavy metals, pesticides, and other runoff associated 
with increasing human population density 

Cramer et al. 2020 

1980s, esp. 
1981-1986 

Substantial declines at many sites reported, largely due to so-called 
‘White Band Disease’, but bleaching and reduced urchin grazing 
caused algal overgrowth also cited.  

Porter & Meier 1992 
Miller et al. 2002a 

1998 
1994-2000 

Thermal bleaching and storm (H. Georges) 
White pox disease 

Miller et al. 2002b 
Patterson et al. 2002 

2005 Storms (Dennis, Katrina, Rita, Wilma) and thermal bleaching Williams & Miller 2012 
2011 Disease Neely et al. 2022 

2014-2015 Thermal bleaching, disease Williams et al. 2017; 
Neely et al. 2022 

2017 Storms (Irma, Maria), disease Williams et al. 2020 
2023 Marine heat wave Williams et al. 2024 

 

Ongoing disease impacts continued, such that low population abundance by the mid-1990s in turn 

created a set of negative Allee effects – mechanisms that further depress population growth in areas of 

low population density, due to the complex life cycle of this animal (Baums et al. 2006a; Baums 2008; 

Figure 3). These include decreased fertilization, because mature corals are farther apart, lowering 

chances of compatible gametes meeting during spawning events. Furthermore, asexual reproduction is 

limited because coral thickets are sparse, and fragments may more easily fall or disperse to areas that 

are not suitable for survival and growth (Baums et al. 2006a) and often suffer high rates of disease and 

predation (Bright et al. 2016). Presently, stressors are spatially and temporally varied, and multiple 

limitations may act at once in small spatial scales. 
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In addition, another major limitation to A. palmata recovery in Florida presently seems to be that new 

sexual recruits are not surviving to any detectable size through natural processes (Williams et al. 2014). 

Settlement and growth appear to be limited in part because of sediments and dense algae turf that 

outcompete larvae (Figure 3). Mechanisms causing this have not been determined definitively, although 

one hypothesis focuses on a reduction in grazers, including Diadema antillarum (Hylkema et al. 2023; 

Levitan et al. 2023). However, other challenges may also limit the supply of sexual recruits, including 

poor parental condition limiting gamete supply; low parental density combined with asynchronous 

spawning and parental incompatibility, all of which reduce the local pool of compatible gametes; 

challenges to larval survival in the plankton due to water quality issues; and other elements contributing 

to poor settlement habitat quality.  

Poor habitat quality no doubt incorporates aspects of pollution, thermal stress, sediments interacting 

with benthic algae, and pathogens, as well as their potential impacts on the holobiont community 

(Miller M, unpubl. data; Speare et al. 2019). Without sexual recruitment, and with asexual recruitment 

limited, population recovery is slow to negligible, and is canceled out by intensifying and interactive 

effects of hurricanes, thermal stress, and disease.  

                                         

Figure 3: A. palmata life cycle, indicating where past mortality and current Allee effects partially limit two stages 

(gray symbols), and other, poorly understood threats completely limit two additional stages (black symbols). Green 

outline symbol indicates where fragment head-starting through active restoration has been used to increase coral 

cover in some areas (after NOAA Fisheries, 2024). 

 

Theories of change: Offset threat effects, address the causes of primary threats & buy time  

A theory of change is an explicit description of how a current negative state in a system is expected to 

change into a positive state, as a result of the planned actions to be taken (Rice et al. 2020). Broadly 

speaking, all population management interventions are used in the service of just four theories of 
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asexual reproduction 

via fragmentation 

have declined 
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change, which may apply independently or in concert in the case of any given threatened species 

(IUCN/SSC 2014). These are:  

1) Directly addressing the primary threats;  

2) Offsetting the effect of threats;  

3) Buying time; and  

4) Restoring wild populations once threats are eliminated. 

For elkhorn coral, as threats are still ongoing (Moulding 2022), for the moment only the first three may 

apply.   

To date, the most visible population management actions taken by F3P participants fall under the theory 

of offsetting the effect of threats, by conducting active restoration. Active restoration seeks to 

intervene primarily in the stage of asexual reproduction (Figure 3, green symbol) using a “head-starting” 

strategy (Thomas et al. 2019), in which corals are fragmented and grown in human care and then 

outplanted to strategic locations. This strategy reduces Allee effects, allowing reproductively viable 

corals to become dense enough to support effective natural spawning and asexual reproduction under 

optimal conditions, and has been shown to increase coral cover and complexity (Hein et al. 2020). A 

secondary element in this approach involves collecting gametes from wild colonies in Florida and 

perhaps elsewhere, and/or from colonies in human care in land or ocean-based nurseries, creating 

crosses with those gametes as feasible, and rearing the sexual recruits in human care for eventual 

outplanting. 

Although there is currently no global coral reef recovery strategy yet to provide context and guidance to 

the F3P effort (L. Kaufman, pers. com.), the theory is that complete extinction may be prevented by 

boosting local population sizes with outplanted corals, so that when disease, temperature, pollution and 

other threats reduce population sizes, some corals will still remain (Kaufman et al. 2021). This strategy 

has seen success in some areas with A. palmata (Carne et al. 2016), , although recent mortality in 

outplants due to extreme warming is prompting a reconsideration of this approach in Florida (Thiem 

2024). 

The theory of change behind active restoration is that, for the foreseeable future, it may prevent further 

declines (and thus extinction) – but that active restoration alone is not expected to recover the 

population. This is because many threats to wild A. palmata remain unabated (especially climate-related 

ones such as thermal stress and disease) including those (incompletely understood) threats that 

continue to limit natural recruitment. Since these threats continue, pursuing active restoration 

furthermore presumes that outplanting will be an ongoing requirement to offset repeated mortality 

events, especially since some models predict that significant demographic shifts and declines in suitable 

habitat for A. palmata (Chen et al. 2020).  

Thus, ongoing restoration is intended to be a stopgap measure, creating population conditions that, 

once remaining threats are controlled and abated, allow for natural recovery to take place, particularly 

due to the genetic diversity that is restored as corals are outplanted, allowing adaptation to present 

conditions (DeFilippo et al. 2022; Baums et al. 2024). In theory, this will result in a healthy, functional 

natural population where ecological and evolutionary processes can proceed, including reproduction, 

recruitment, and natural selection (National Marine Fisheries Service 2015). As research advances, F3P 

may incorporate any necessary additional actions into this theory of change, such as invasive species 

control, grazer restoration, or other actions. 
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A second theory of change employed less visibly than outplanting, but of greater ultimate importance 

and requiring longer time frames, has been that of directly addressing the causes of primary threats. 

The population management activities under this theory of change incorporate all those supporting A. 

palmata in human care to conduct research to understand and reduce threats. In this case, change 

occurs in wild populations when research on populations in human care leads to a new understanding of 

a threat that facilitates a solution removing the threat (such as treatment for a disease, removal of a 

formerly misunderstood toxic agent, etc). Although the population management demands of research 

on threats may be low compared to those of outplanting, it is important to note that many threats 

continue to remain poorly understood, and so population management needs in this area should not be 

ignored. 

Finally, a third theory of change which has only recently been incorporated into F3P consideration is that 

of buying time. Under this theory, when threats are not yet eliminated or amenable to being offset, 

populations in human care may serve as insurance to safeguard the genetic resources of the species 

against complete extinction, and hold them in trust while solutions are sought and implemented 

(IUCN/SSC 2014). The population management activities most commonly associated with buying time 

include maintaining living insurance or “ark” populations, gene banks, and/or cryopreserved collections 

of gametes, embryos or other tissues. Efforts began in 2023 to formalize these approaches in F3P, by 

using a census of ramets by genet (Appendix 6) to ensure that all genets were held by two independent 

land-based gene banks, and to move toward a goal of all participants holding all known FL genets 

(Rodriguez-Clark et al. 2023).  

 

Success for F3P not yet fully defined  

Given these theories of change, a general vision for F3P emerges: Success occurs when researchers have 

A. palmata in human care that allows them to conduct needed research; when A. palmata in human 

care has the gene diversity and demographic characteristics needed to safeguard it fully even in the case 

of extinction in the wild; and when outplanted A. palmata offsets the effects of threats on natural 

populations and has all the characteristics needed to expand naturally, at the future time when threats 

are alleviated, into a self-sustaining, functional wild population. In addition, the NMFS Recovery Plan 

specifies that recovery involves the abatement of all relevant threats to a level allowing A. palmata to be 

“stable, abundant, and genetically diverse” (p xi).  

Clearly, specifying success for A. palmata serving research and insurance functions will likely be less 

complex than for that serving to offset threats via outplanting. Nevertheless, success for all these 

functions has not been defined yet, and is essential to developing a successful F3P program. 

For species recovery, The NMFS Recovery Plan identifies four particular criteria in the wild: distribution, 

abundance, recruitment, and genotypic diversity. It provides specific goals for each criterion, although 

these goals may be incomplete in some areas (see below). In fact, in order to set the specific goals 

against which a population management program may be evaluated, a more precise definition of 

success will be required. Such a definition of success could usefully include all the core elements of the 

future state that represents the desired outcomes for the conservation unit under consideration (in this 

case, A. palmata in Florida) as well as for the stakeholder needs to be met (Akçakaya et al. 2018). 
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 As such, the definition for A. palmata recovery may include the size, density and location (e.g., Banister 

et al. 2024) of corals, as well as (at a variety of spatial scales) their demographic composition (of age- or 

size-classes) and their genetic makeup. It may also specify stakeholder activities or outcomes a 

recovered species should support, from fishing, recreation and other businesses, to coastal protection 

and research, among others. While the NMFS Recovery Plan specifies the inclusion of genetic makeup in 

terms of the ratio of sexual to asexual recruits, a recovery definition may also need to include other 

genetic measures, such as gene diversity, inbreeding, kinship, allelic richness, and number of founders, 

or unique genets derived from past sexual reproduction in the wild that are not closely related. It may 

also specify the state of population processes when “success” is achieved, including reproduction, 

mortality, and dispersal (Westwood et al. 2014). 

In addition, the definition of success may involve other relevant factors that are outside A. palmata 

itself, but are crucial to successful recovery. For example, A. palmata depends on endosymbiotic 

zooxanthellae, which may have its own population management needs to support successful outcomes. 

Unlike other corals, A. palmata is dependent largely on a single species of endosymbiont, Symbiodinium 

fitti (Baums et al. 2014) which itself is found in association only with a small subset of Caribbean coral 

species (Pinzón et al. 2011), although other endosymbionts such as Durisdinium spp. have been 

successful under certain conditions and may even provide thermal tolerance to A. palmata (Elder et al. 

2023). Numerous attempts to culture S. fitti have not yet been successful, so defining success for this 

symbiont may include eventually developing culture methods, and in the shorter term developing frozen 

or other preserved collections.  

Finally, although perhaps obvious, it is important to note that defining success clearly early in a 

population management and reintroduction program is essential to actually achieving success (Ewen 

et al. 2011; Jamieson & Lacy 2011). While F3P does not have a full, clear definition of success developed 

yet, the NMFS Recovery Plan addresses many of these factors, and could be downscaled to the Florida 

population. Experiences from other coral restoration efforts both within the Florida Reef Tract and 

outside of it can also provide useful inputs for defining success, as can experiences from other large-

scale, sessile species restoration efforts, such as those on behalf of oyster reefs (Fitzsimons et al. 2019), 

other marine invertebrates (Heady et al. 2022), or threatened trees (Knight et al. 2016). For example, 

IUCN’s Conservation Planning Specialist Group (CPSG) has developed species conservation planning 

processes designed to define success and other essential elements within a management program 

(IUCN/SSC 2008) and the implementation of these processes has had a significant positive impact on 

conservation outcomes (Lees et al. 2021).  

 

Roles for different population “segments” not fully defined yet 

Part of defining success for F3P also includes considering the different intended conservation roles of 

each part or “segment” of the overall population of Florida A. palmata. We define a “population 

segment” as a set of corals with a similar management context, so that strategies may be designed for 

them to ensure these roles are met. Note that “population segments” are different from and not to be 

confused with “subpopulations” which often indicate natural biogeographic units that share an 

ecological context or evolutionary history. Thus, the A. palmata held in spawning tanks by F3P 

participants and used for research might be considered one population segment, the A. palmata held in 
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gene banks could be another, and the A. palmata held in land- and ocean-based nurseries by F3P to 

produce fragments for outplanting could be yet another. 

In simple population management programs, there may be a single population (with no segments), 

defined by a single role, so that the overall definition of success and the population roles are quite 

similar. For example, the Association of Zoos and Aquariums (AZA) has a Species Survival Program for 

the lined seahorse (Hippocampus erectus). The program consists of a single population of about a 

thousand adults at any one time, managed cooperatively among 49 institutions, which hold them all in 

land-based aquarium facilities (Yong et al. 2018). Success in this program is achieved when sufficient 

seahorses are produced to meet facility exhibit/education needs without requiring them to collect 

individuals from the wild, and the role the population is designed to fill is one of “exhibit/education.” 

The program promotes conservation of the species both through education of the public, and by 

ensuring that there is no take from the vulnerable wild population. 

However, in complex programs like F3P, the number of roles may grow, and the population may be 

divided into different segments, or management collections, which may all have the same intended 

roles, or their roles may vary, further complicating planning. If different population segments have 

different roles, and are independent from each other, separate management plans may be appropriate 

for the different segments. For example, the Red Siskin Initiative is a collaboration among multiple 

institutions to conserve this Endangered South American passerine bird (Red Siskin Initiative 2017). Of 

all individuals in this species in human care, one population segment is held by a consortium of 

institutions in the US, and another population segment is held by institutions in Venezuela. The US 

population segment has multiple roles, (including education, research, fundraising, and insurance 

against extinction), while the Venezuelan population segment has overlapping but different roles 

(rescue from illegal trade, eventual reintroduction, education and research). Although the population 

segments may exchange individuals in the future, in the near term they are unlikely to. Therefore, 

although both population segments are part of the same program, and all collaborators participate in all 

planning processes, the program presently has a separate plan for the US and Venezuela segments 

(Royer & Rodriguez-Clark 2023).  

The relevant population segments of A. palmata in Florida are not yet fully defined, but preliminary 

work suggests there may be several. This makes it important to define them carefully, and also to 

understand their different roles, and the potential interactions between population segments, in order 

to consider the plan or plans needed.  

Presently, the largest population segments of A. palmata appear to be the ocean-based and land-based 

nursery collections. These segments seem intended to fill three of the four major roles: 1) they offset 

the effect of ongoing threats by farming and outplanting coral to maintain the wild population; 2) they 

buy time by safeguarding the species’ diversity in human care even in the case that the species is 

extinguished in the wild; and 3) they are intended for eventually restoring wild populations. However, 

these population segments are not intended to address the causes of primary threats. Other research 

and display population segments take on this role by addressing the threats of disease and lack of 

natural recruitment via experimental research, and addressing the threats of climate change, pollution 

and physical destruction by supporting decision-making in management agencies, and educating the 

public and inspiring them to political action. 
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In the case of A. palmata in Florida, the number of population segments will depend on how they are 

defined. Unlike subpopulations in nature, population segments in population management are generally 

defined by functional attributes relevant to management (location, interactions, husbandry/vital rates, 

purpose/roles etc.) and not by genetic makeup, origin, phenotype, or ecology. In human care, 

population segments may also regularly exchange organisms. Considering some of the attributes 

relevant to management, the population segments of A. palamata in human care in Florida may include: 

On Florida’s reefs: 

0. Wild: those with no outplanted corals, with no human care, only perhaps passive monitoring. 

These serve as a control against which to compare recovery in other populations, as a source of 

material for gamete, aquaculture, and other collections, and (if robust) potentially as a model 

for outplanted populations. 

1. Outplanted: those containing outplanted corals, with a primary purpose to prevent extinction in 

natural habitats. However, some outplanted population segments may have other purposes 

(such as education or communication). 

2. Ocean-based outplanting nursery: human-constructed environments near or on reefs with 

corals destined for eventual outplanting (may be permanent or pop-up/temporary). 

3. Ocean-based spawning nursery: collections of reproductively-sized colonies maintained in 

human-constructed environments near or on reefs with corals destined to be used in sexual 

reproduction.  

4. Ocean-based living gene banks: entirely human-constructed environments in the ocean 

intended to serve as a more or less permanent source of distinct genets, for propagation of 

other nursery populations. 

On land: 

5. Land-based outplanting nursery: those containing corals destined for eventual outplanting. 

6. Land-based spawning nursery: with associated larvae: those containing adult corals able to 

spawn, and the larvae they produce, with the purpose of producing new genets. 

7. Research: those held for a wide variety of scientific projects, but generally not for outplanting. 

8. Display: those with a purpose of addressing the causes of primary threats, by educating the 

public about the species, its threats, current restoration efforts, and how the public can help. 

9. Living gene banks: those intended to serve as permanent source of distinct genets, for 

propagation of other nursery populations. 

10. Frozen gametes, living tissue, embryos: those containing cryopreserved sperm, tissue and/or 

embryos with a purpose of both research and production of new genets. 

However, these definitions have not been considered in detail, and some population segments may 

have more than one role. Furthermore, it may make sense to define segments differently - according to 

life stage, location, infrastructure type, and/or other salient management factors – and thus to re-

consider their roles following their careful definition. It is also worth noting that population segments 

are not necessarily independent from a genetic perspective. Due to clonal propagation, genetically 

identical ramets may be represented in several population segments. 
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6. F3P indicators, goals and timelines                     
 

Once F3P defines success, and defines its managed population segments to have clear roles in the 

overall Florida A. palmata conservation effort, the final guiding element needed to develop a population 

management strategy is the specific set of goals to be reached for indicators/criteria in each segment, 

with timelines. For example, if one criterion is population size, one such goal might be reaching a certain 

census size of fragments of a particular life stage in a particular location by a particular date for a 

particular population segment. Put simply, we need to know: what do we need to achieve in each 

population segment? 

In the case of F3P, indicators/criteria, specific goals, and timelines have not been set for any population 

segments yet, although internal documents and grant deliverables may describe some elements for 

some institutions, and the process has been started in the outplanted population segment via the NMFS 

Recovery Plan (National Marine Fisheries Service 2015). However, if we consider three general 

population segments – outplanted A. palmata, nursery collections in human care (ocean or on land), 

and gene banks, at least general ideas for demographic and genetic indicators may be clear. 

 

Demographic goals 

For the outplanted population segment, three demographic criteria for success are identified in the 

NMFS Recovery Plan:  

● Distribution,  

● Abundance, and  

● Recruitment. 

With regard to distribution, the plan specifies a goal of 10% of consolidated reef habitat between 1-5 m 

throughout the species range should have thickets present. For abundance, the goal is live elkhorn 

benthic cover of ~60% within areas it occurs, or colonies ≥ 1m diameter at a density of 0.25 

colonies/m2. Finally, for recruitment, the goals are less specific, requiring simply the observation of 

“recruitment rates necessary” to achieve goals for other criteria, and the observation of effective sexual 

recruitment across the geographic range. Additional refinement of even these few existing goals may be 

necessary. For example, greater specificity on locations for achieving the ~60% cover will be needed, 

A NEXT STEP: DEFINE SUCCESS. Convene a process for the F3P team, participants, and advisors to 

develop a vision of successful recovery for A. palmata in Florida, including relevant aspects detailed 

above. Articulate it in the context of a recovery strategy with a clear theory of change, and defined 

roles for relevant population segments in achieving change. In parallel, re-assess and where 

necessary adapt Recovery Plan criteria, to take into account important changes in context that have 

arisen since the Plan was developed in ~2012.  
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including whether this implies the historic distribution, current suitable habitat, expected future habitat, 

and/or simply within any outplanted area. And extensive monitoring would be required to detail if, 

where and how recruitment is occurring. 

Along with these existing goals for the three demographic criteria, additional demographic goals may be 

useful. These could include goals detailing specific sizes and spatial arrangements required to support 

the ability of different colonies/life stages to spawn, settle, grow, and fragment at rates that maintain 

population stability in the face of ongoing threats. For example, in 2022 Mission: Iconic Reefs had a goal 

of achieving a total of over 130,000 mature A. palmata at the seven sites it covers (M:IR 2019).  If this 

goal is retained, it would require outplanting this number, plus sufficient numbers to replace those lost 

to annual mortality. Clearly, a numeric goal for the entire Florida Reef Tract would have to be even 

higher. Regarding spatial arrangements, no goals have been set but rules of thumb do exist, and 

although these have not been rigorously examined, hypotheses exist about the demographic/density 

characteristics required to support successful spawning and asexual reproduction from fragmentation 

(Ladd et al. 2016).  

Similarly, although demographic indicators and goals have not been specified for F3P nursery 

population segments, participants have deep experience developing these at the organization and the 

multi-organization project level, often using informal and ad-hoc methods. For nursery collections, 

demographic goals may include a large total number of corals to be generated and maintained, but will 

also include numerical targets for specific nursery locations and life stages/sizes to support future 

outplanting. Overall, developing demographic goals may thus be a matter of formalizing an existing 

process, standardizing it and communicating it among participants. 

Finally, demographic indicators and goals for F3P gene banks may be the simplest to develop, as this 

population segment is likely constrained by space, infrastructure, personnel and funding. As with 

nursery populations, developing demographic goals may be a matter of writing down and sharing 

among F3P participants those targets already well known within gene banking institutions.  

 

 

Genetic goals 

While practitioners have extensive informal experience with setting demographic goals in population 

segments that are both outplanted and in human care, based on interview data they appear to have less 

experience with genetic goals, making it more challenging to develop these. However, the process of 

setting genetic goals for population segments in human care is well-understood (Ballou et al. 2010), as it 

is used for many reintroduced organisms (Jamieson & Lacy 2011; Keller et al. 2011) and such goals are 

currently being developed and implemented for other coral programs (Firchau 2025; Willis K unpubl. 

data).  

A NEXT STEP: DOCUMENT EXISTING DEMOGRAPHIC GOALS. To develop detailed, time-bound 

demographic goals across F3P as a collaborative program, start by carefully documenting existing 

demographic goals that participating institutions have internally. Develop a method for 

standardizing and regularly sharing these goals as they are changed and updated, so that all 

institutions may learn from each other, and work toward developing common goals. Start with 

population segments with a gene banking role, as these may be most conceptually straightforward.  
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Indeed, for the outplanted A. palmata population segment in Florida, one genetic criterion for success 

is identified in the NMFS Recovery Plan: genotypic diversity (National Marine Fisheries Service 2015). 

Genotypic diversity is the proportion of unique genotypes per number of colonies sampled, typically in 

wild or outplanted population segments. A genotypic diversity of one would indicate that coral biomass 

consists entirely of unique genets resulting from sexual reproduction, while a value approaching zero 

would indicate it consists entirely of ramets resulting from the asexual reproduction of a single genet. 

The goal set by NMFS for this criterion is to maintain genotypic diversity at about 0.5 across the species’ 

range, allowing for considerable variation in this value at a local scale. A value of 0.5 is the level of 

genotypic diversity observed in robust populations of A. palmata across the eastern Caribbean, which 

has overall slightly lower levels than the western Caribbean (Baums et al. 2006a). Aiming for an average 

genotypic diversity of 0.5 thus mandates a balance between sexual and asexual recruitment in a 

“recovered” population. 

Beyond a goal for average genotypic diversity, additional genetic goals will likely be needed for 

outplanted population segments in F3P. For example, information about relatedness among unique 

genets may need to be included: unique genets may vary from being very distantly to highly related. 

Should they have no close relationships? (as appears to be the case in remaining healthy wild 

populations; Baums et al. 2022), or is some level of relatedness acceptable? Goals specifying scale for 

both genotypic diversity and relatedness may be necessary as well, as both are strongly scale-

dependent, and scale will determine for example whether remaining founders are sufficient to produce 

new sexual recruits to attain goals, or whether assisted gene flow bringing unrelated founders from 

elsewhere in the species’ range is necessary to achieve goals. 

For population segments in gene banks, or in human care with a primary role of providing organisms 

for immediate reintroduction, genetic criteria typically include metrics of population founders, such as 

their number, effective representation, or retention, as well as gene diversity, average relatedness 

(“mean kinship”), and effective population size (Ballou et al. 2010; Banaszak et al. 2023). In general, for 

these populations the goal is to retain as many founders as possible, maintain gene diversity above 90% 

for 100 years, and keep inbreeding as low as possible, with rates increasing no more than one percent 

per generation. However, targets specific to F3P will have to be set, and will likely need to incorporate 

molecular genetic indicators as well. For example, it may be advisable to bank multiple samples of 

sperm from each founder using cryopreservation techniques. 

Selecting genetic criteria and setting genetic goals across multiple institutions is a relatively new concept 

for a coral program. Toward this end, the State of Florida has been developing genetic criteria and a 

framework for evaluating genetic interventions, although this is not yet publicly available (Tringali & 

Vollmer in prep 2025a; Tringali & Vollmer in prep 2025b; Tringali & Vollmer in prep 2025c; Tringali & 

Vollmer in prep 2025d). Currently, the state of Florida manages a collection of corals rescued from stony 

coral tissue loss disease, and management recommendations have been issued for this collection (K. 

Willis, unpubl. data), although global criteria and goals have not been shared (Anonymous 2025).  

In the meantime, in F3P, individual organizations have been using their own criteria and goals, which 

have varying degrees of formality and have evolved over the years. Such criteria and goals may relate to 

four basic decision points that most programs face: 1) the number and composition of colonies to collect 

from the wild; 2) the number and composition of colonies to maintain in human care; 3) the number and 

identity of corals for breeding, and the number and identity of offspring to produce; and 4) the number, 

identity, and location of corals for outplanting (K. Willis, unpubl. data). For example, in 2017 the Coral 
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Restoration Foundation implemented a three-part genetic goal for their A. cervicornis outplanting 

efforts, which was limited by the genetic technology available at the time.  They aimed to maximize 

haplotype diversity, maximize the diversity of locations where founder corals were collected from, and 

where similar haplotype and collection location information coincided, to select for genotypes that 

exhibited strong performance (Moura 2017).  

 In general, an outplanted population is successful when it is able to withstand future stressors and is 

resilient to current ones. In other words, outplanted populations should be adaptable into the future, 

and have high inclusive fitness in the present. One useful indicator of adaptability into the future is gene 

diversity, which is defined as the probability at any given locus that homologous alleles are not identical 

by descent (Lacy 1995). A goal for gene diversity may be simply to maintain it as high as possible 

(minimizing further loss), or maintaining it above a set threshold during a particular span of time (Baums 

et al. 2019; Banaszak et al. 2023). 

In the case of A. palmata outplants, a spatial element will likely be important to future adaptability as 

well, with indicators related to the known spatial distribution of diversity in Florida prior to the 

population crash in the 1980s, or in areas within the eastern Caribbean distribution of A. palmata where 

populations have been less impacted, or other factors. This might lead to goals around retaining 

representation from current founders and to bringing in a defined number of new founders from 

elsewhere for the purposes of genetic rescue or assisted gene flow (Hagedorn et al. 2021; Frankham et 

al. 2017a). In this context, it will be important to note that population management for A. palmata in 

Florida may have some different elements compared with elsewhere in the species’ range, as Florida is a 

sink population and genetic and biophysical connectivity models indicate it is unlikely to provide 

significant numbers of propagules to any other population (Baums et al. 2006b). 

On the other hand, to ensure high fitness from a genetic standpoint, it is important to avoid inbreeding 

and outbreeding depression (a decline in fitness from having parents that are either too closely or too 

distantly related, respectively; Lacy et al. 1993). Although there are few studies on inbreeding and 

outbreeding depression in corals, and none focus on A. palmata that we are aware of, the species is 

historically large and naturally outbreeding. Therefore, the susceptibility to outbreeding depression is 

expected to be very low (Frankham et al. 2011), while susceptibility to inbreeding depression is 

expected to be high (Frankham et al. 2017b; Dussex et al. 2023). Indeed, colonies are not generally self-

compatible, suggesting a level of selection against this most extreme level of inbreeding, and sexual 

reproduction is maintained in spite of the ease of asexual reproduction in this species.  

In addition, even though not all genets are compatible in reproductive crosses (Miller et al. 2018), the 

basis for this incompatibility is not well understood and does not seem to be related to inbreeding or 

outbreeding (Baums et al. 2013). Thus, in the absence of further information, targets for maximum 

inbreeding levels will likely be appropriate, while targets for outbreeding levels may not be. Again, a 

spatial element will likely be needed, perhaps with indicators related to the level of relatedness 

tolerated among outplants within a given reproductive neighborhood.  

Similarly, to ensure high fitness from a genetic standpoint, it may be important to set goals around 

representation of particular genets with known high performance in particular local conditions. Such 

goals may include explicitly avoiding their preferential selection (as is standard in many conservation 

breeding programs; (Ballou et al. 2010), or in some cases they may include advancing it (Baums et al. 

2024). Furthermore, if local conditions have changed resulting in local or functional extinction of the 
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species, or conditions are projected to do so in a way that local variants will not do well, it may become 

necessary to develop additional goals around assisted migration from elsewhere in the species’ range, to 

ensure that outplants survive (Kuffner et al. 2020). 

Indeed, the “ratcheting” pattern of population decline (with punctuated rapid declines followed by 

minimal ‘recovery’ between them), is consistent with local variants already not doing well - although it is 

unclear whether there are any variants, from anywhere, that could do well under current conditions in 

Florida. Because stressful events deteriorate the reproductive fitness of each colony, ultimately if 

stressors are not reduced in restored populations, it is highly unlikely that they will reproduce 

effectively. Hence, assisted reproduction and gene flow may be required to allow natural selection and 

adaptation to today’s and tomorrow’s ocean conditions (Baums et al. 2024). For example, in some cases, 

lab-created sexual recruits have been observed to have higher thermal tolerance than parental genets 

(Miller et al. 2024), though this may be an ontogenic (creating a demographic buffer) rather than an 

adaptive effect. 

 

  

7. Current A. palmata population segments: demography 
 

Once population segments and success in each are defined, and goals are set – that is, the end point to 

management clear -- the next step in developing a plan to reach it is understanding the current 

baseline, both from a demographic and genetic standpoint. This section considers the F3P demographic 

baseline. 

Broadly speaking, the life history of A. palmata in the wild Florida population is well-understood (NOAA 

FIsheries 2025a). This species produces new genets with sexual reproduction via broadcast spawning, 

and new ramets of existing genets via asexual reproduction (“fragmentation”). Single colonies are not 

individuals, but rather are spatially continuous clusters of individual polyps all arising from the same 

genet. A distinct coral ramet (or colony) is defined as a discrete, spatially continuous piece of any size 

that is genetically homogeneous within itself (ie, it consists of a single genet), and is physically 

independent from other coral pieces (Grottoli et al. 2021). A genet is formed by the union of gametes 

and may have one or more ramets but is typically confined to a single reef. Two different colonies may 

have the same or different genotypes (that is, even if two fragments are ramets from the same genet, 

they are still two different colonies). Chimeras (colonies formed by the fusing of more than one genet) 

are possible, but relatively rare in this species; Baums et al. 2014). Demographic characteristics of wild 

A NEXT STEP: DOCUMENT EXISTING GENETIC GOALS. As above, to develop detailed, time-bound 

genetic goals across F3P as a collaborative program, start by carefully documenting existing genetic 

goals that participating institutions have internally. Starting this with population segments with a 

gene banking role may be most conceptually straightforward, though it is important to do with all 

segments. 
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A. palmata in Florida are relatively well understood also, with numerous studies of distribution, density, 

growth, reproduction, mortality, and other demographic features. 

Although the life history and demography of wild A. palmata is well understood, the demographic 

features of F3P population segments in human care are presently not well documented. While 

understanding the demographic characteristics of wild populations is essential for evaluating recovery 

efforts, demographic characteristics may differ in different types of human care. Different 

environments, along with husbandry efforts, and veterinary interventions may alter growth, mortality, 

and reproductive rates of the population segments in human care. Therefore, for management of these, 

it is generally important to have data and estimates of these “vital rates” gathered from the population 

segments themselves. Currently, organized data on the quantity of A. palmata material managed in F3P 

overall are just starting to be collected, as are data on the age/size distribution and other demographic 

characteristics for either the entire managed population or any entire population segment. Some 

elements are documented better than others, and are reviewed in this section.  

 

 

Strong demographic seasonality  

Survivorship, growth and fecundity are all strongly seasonal in wild populations of this species, which 

has a tropical to sub-tropical distribution. Seasonal effects are also strong in the population segments in 

human care, with responses to both natural and artificial increases in temperature and daylength. 

Growth is usually measured as an increase in area, and is usually higher during the summer months in 

both Florida acroporids (Shinn 1966). Tissue thickness varies over the course of the year as well, with 

higher thickness developing during winter months. Fecundity is seasonal only for sexual reproduction, as 

asexual reproduction by fragmentation may occur successfully at any time. Sexual reproduction occurs 

only during one or two spawning events after the late July, August, and/or September full moon(s). Eggs 

start to form soon after the previous spawning event and take months to mature while sperm develops 

over 2-3 months prior to spawning (Szmant 1986). 

 

Life stages/size classes relevant for management not yet defined in A. palmata 

At present, F3P has not agreed on a common set of definitions for A. palmata demographic life stages. 

Without an agreed set of stages for which standardized data may be collected across F3P, producing 

data-informed management projections and decision support will remain a major challenge. 

Studies of wild populations have suggested there may be eight relevant demographic size/stage classes 

in total (Table 3). Seven of these are found in nature, and the first three are: 1) gametes, 2) larvae, and 

3) settled sexual recruits. Then four additional size classes have been proposed by Vardi et al. 2012 and 

Chamberland et al. 2016: 4) fragments, 5) juvenile colonies, with minimal branching, 6) subadult 

A NEXT STEP: DOCUMENT EXISTING DEMOGRAPHIC STATUS of particular population segments. 

Appendix 5 provides examples of some demographic information for A. palmata holdings for some 

participating F3P institutions, while Appendix 6 provides results for the first partial census of F3P. 

Expand to eventually incorporate all participants, on a regular basis, adding additional demographic 

data as feasible and useful to program goals. 
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colonies, with branching, and 7) adult colonies, able to spawn. Finally, an eighth size class, 

“microfragments,” exists outside of this natural sequence and only in some population segments in 

human care, in which larger classes are cut into pieces smaller than 2cm2 to stimulate rapid growth 

(Papke et al. 2021). All size classes except microfragments exist in the wild as well, although their 

demographic characteristics and importance may differ from their counterparts in human care. 

 

Table 3: Defining characteristics of eight management life stages/size classes of A. palmata, after Vardi et al 2012 

and Chamberland et al 2016. Note “microfragments” are an anthropogenic class, present only in human care and 

only at some institutions; all other classes may be present both in the wild and in human care. 

 Stage/size class Origin (sexual vs 
asexual) 

Reproduction*  ~Max age**  Diameter 
(cm) 

Area (cm2) 

1 Gamete Only sexual  n/a 4 days n/a n/a 

2 Larva Only sexual  n/a 2 weeks n/a n/a 

3 Sexual recruit Only sexual  n/a 3 months 0 – 5 0 - 20 

4 Fragment Asexual AM only 1 year 5 – 15 20 - 177 

5 Juvenile colony Either AF, AM 2 years 15 - 34 177 - 900 

6 Subadult colony Either NF, AF, AM 3 years 34 - 50 900 - 2,000 

7 Adult colony Either S, NF, AF, AM indefinite > 50 > 2,000 

8 Microfragment Only asexual n/a 6 months 0.6 – 1.6 0.3 - 5 
* Modes of reproduction are sexual (S), natural fragmentation (NF), anthropogenic fragmentation (AF), and anthropogenic microfragmentation 
(AM) 
** in typical land-based human care among F3P institutions 

 

Currently, for censusing population segments in human care, the classes following settlers above are 

simplified into three classes:  

1) plug: anything smaller than 5cm in diameter, which fits on a standard “plug”. This is a combination of 

the sexual recruit and microfragment classes above;  

2) fragment: anything between 5 - 15 cm in diameter; and  

3) colony: anything larger than 15 cm in diameter. This is a combination of the juvenile, subadult and 

adult stages above. These three size classes would need standardizing to be used in future census efforts 

(See below). 

Examples of each life stage/size class are shown in Figure 4, and their biological relationships in Figure 5, 

below. 
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1.

 

2.  

 

3.

 

4. 

 

5. 

 

6. 

 

7. 

  

8. 

 

  

Figure 4. Eight potential management life stages/size classes in A. palmata in human care, from top left: 1. gamete 

(egg and sperm bundles; M. Miller); 2. larvae (E. Culbertson) 3. sexual recruit (A. Banaszak); 4. Fragment (approx. 

yearling) (photo credit?); 5. Juvenile or “hand” and 6. sub-adult (both D. Williams, from Vardi et al 2012), 7. 

sexually reproductive adult colony (D. Williams, from Williams et al. 2023), and 8) Microfragment or “plug” (K. M. 

Rodriguez-Clark) 
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Figure 5: The life cycle of A. palmata, showing eight potential management life stages/size classes and their 

relationships. Darker gray arrows indicate natural relationships and lighter gray arrows indicate relationships 

present only in human care. 

 

Technically, a “colony” refers to a grouping of any size of polyps in any context that is attached to a 

substrate, while a “fragment” is the same but when in the wild, always unattached to a substrate. In 

human care, the distinction between fragment and colony is less sharp, but colonies are generally 

referred to as fragments (or “microfragments”) when they are in the smaller size classes, regardless of 

attachment status. Finally, “ramet” refers to any amount of post-larval tissue of a particular genet. 

 

Survivorship, growth, and fecundity all vary with stage and location, though poorly known. 

The first demographic class, gametes, is produced once per year in wild Florida populations, by adult 

colonies. A single colony spawns sperm and egg bundles over 2-3 evenings after the late July and/or 

August full moon(s) (in southern Caribbean parts of A. palmata distribution this can occur in September 

as well; Miller et al. 2016). Sometimes there are two events depending on the timing of the full moon, as 

timing is not synchronous for all genets. A spawning adult may release hundreds of thousands of gamete 

bundles, containing sperm and eggs that are approximately 300 um each. Not all polyps in a colony 

release bundles during a particular spawning event but those that do, release their bundles over a short 

period of time. While each colony produces both gamete types, a minority of colonies are functionally 

male or female (V. Chamberland et al., unpubl. data). In some years, mature colonies may fail to spawn, 

presumably because eggs are reabsorbed by the colony to conserve resources.  
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In the wild, larvae may survive in the plankton from 6 days to 2 weeks (Miller et al. 2020a), but viability 

of gametes is very short, with fertilization potential declining sharply at ages greater than 4-5 hours after 

spawning without cryopreservation (Fogarty et al. 2012). The length of time that sperm may be 

cryopreserved and still retain high viability is not known, but successful crosses have been achieved with 

sperm frozen for up to 10 years to date (Hagedorn et al. 2021). Eggs and larvae have not yet been 

successfully cryopreserved, although methods are under development (M. Hagedorn, unpubl. data).  

Gametes may also be produced in human care in spawning tanks, which simulate wild solar, lunar, and 

temperature conditions, and allow gametes from known genets to be collected in controlled conditions, 

reducing the risk of missing an annual spawning event due to poor weather or unpredictable spawning 

nights. In depauperate wild stands, few genets may be available whereas selected genets can be 

incorporated in land-based spawning tanks. Properly collected gametes from compatible parents 

generally achieve 100% fertilization if used in crosses within 3 hours (Miller et al. 2018). Lower 

fertilization rates are thought to depend primarily on compatibility and secondarily on age (Baums et al. 

2013). 

Larvae, the next demographic class, are produced in human care by mixing gametes from different 

genets either in multi-parent ‘batch’ fertilization cohorts, or by crossing two parent genets. Genets are 

generally self-incompatible or capable of low-levels of self-fertilization (~10% selfing), though occasions 

of high self-fertilization have been documented (Vasquez Kuntz et al. 2022; Baums et al. 2013; Baums et 

al. 2022). Due to common fertilization incompatibilities among genets, batch fertilization has been 

considered the most efficient for restoration, though this produces new genets with uncertain 

parentage, and in other species, few parents have been observed to dominate (Baums et al. 2013). 

Controlled 2-parent crosses are possible, however, and are commonly conducted for research purposes 

and the identification of incompatibilities. Chamberland and colleagues performed crosses between 

incompatible A. palmata genets from Curaçao in 2019 and found them to be also incompatible in 2020 

with no resulting fertilization when mixing their eggs and sperm. Genets that are incompatible with each 

other often produce viable offspring with high fertilization rates when crossed with other genets. Thus, 

there may be a genetic basis to the mechanisms governing sperm and egg interactions and fertilization 

success (Baums et al. 2022), though epigenetic and maternal factors may play a role.  Unfortunately, 

there is currently no way to predict which genets will be compatible and thus compatibility has to be 

established for each founder genet pair during fertilization trials. This is a labor and time-intensive 

process.  

After a short period of fertilization, excess sperm are rinsed away and resulting embryos, each < 1 mm, 

can be cultured in a variety of settings. Competency is gained after about 6-8 days in the water column 

(a period about which very little is known in wild populations) after which settlement and 

metamorphosis into a benthic polyp can occur, if appropriate substrate is provided. These benthic 

polyps comprise the next size class, sexual recruits. 

In human care, rates of settlement success in sexual recruits are relatively low for A. palmata sexual 

recruits (cumulative settlement <40% of larvae, more commonly 1-20%, e.g. Miller et al. 2020b; Ritson-

Williams et al. 2010) compared to other broadcast spawning species (Ritson-Williams et al. 2016). Post-

settlement survivorship of all broadcast-spawning corals is generally very low, on the order of <10% 

(e.g., Ritson-Williams et al. 2016), however post-settlement survival of A. palmata in land-based 

nurseries can be as high as 42% (Hagedorn et al. 2021). Based on the highly clonal structure of wild 

populations in Florida, sexual recruitment is presumed to have been relatively low historically, and may 
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be nearly non-existent presently. Many A. palmata patches that used to exist in Florida have been found 

to be comprised of only one or a few genets (Baums et al. 2006a; Williams et al. 2014) implying that few 

colonies had their origin as sexual recruits. Meanwhile, the relative proportion of unique genets at 

similar scales in other areas of the Caribbean ranges up to 100 % (Baums et al. 2006). This intra-specific 

variation in clonality may be due to a large number of factors, including currents and patterns of larval 

dispersal at different scales in the Caribbean (Frys et al. 2020).  

The next four size classes are colonies defined by a combination of size, age, and reproductive 

competency. Here we denominate these as fragments (or “yearlings”), juveniles, sub-adults, and 

adults. In populations where sexual reproduction does not occur, their vital rates (survival, growth, 

fecundity and thus probability of transition into all other size classes -- or their “transition” matrix T) are 

governed by probabilities of colony growth G, “looping” L (stasis), or shrinkage S, (Vardi et al. 2012). 

Mortality is calculated as 1-(sum of all transition probabilities), and the probability of transition then is 

combined with the probability of fragmentation F to arrive at the overall probability matrix of change 

(denoted A). In general, growth occurs in constant radial increments that are size-independent, but 

partial mortality acts more strongly on small colonies (Madin et al. 2020). 

Vital rates for A. palmata have been estimated in the wild Florida population (Table 4; sexual 

reproduction has essentially ceased and plays no role in current population dynamics). Understanding 

variability in vital rates is essential to using estimates to evaluate program success or project future 

scenarios. However, vital rates for the various life stages/size classes have not yet been compiled for A. 

palmata in human care, and although some work has been conducted for outplanted populations (e.g. 

Pausch et al. 2018), more is needed. Furthermore, matrices estimated in other wild populations of A. 

palmata may define size classes differently, and so may be less helpful for understanding variability in 

the wild (e.g. Roth et al. 2013).  

In A. cervicornis, more detailed demographic data are available for particular wild size classes (e.g. 

survivorship and growth in natural fragments, Mercado-Molina et al. 2014), and have been examined in 

outplanted populations as well (Mercado-Molina et al. 2015). Such data allowed researchers to estimate 

that restored populations would decrease below a quasi-extinction level of 25% of the initial population 

size after just three years, but that outplanting 12% of the initial population size per year was sufficient 

to maintain populations above the quasi-extinction threshold (Mercado-Molina et al. 2015). Similar 

estimates in A. palmata will be essential for planning outplanting efforts with this species.  

Table 4: Annual average probability matrices of transition T, fragmentation F, and overall change A in a wild 

population of A. palmata, monitored between 2000 and 2010 at five reefs in the northern Florida Keys (from Vardi 

et al. 2012. Mortality (Mort) is calculated as 1-(sum of transition probabilities). The annual rate of change in 

population size λA was 1.01, though this apparent stability is deceptive because the overall structure of size classes 

shifted downward over time, even though the number of colonies stayed fairly constant. SC indicates size class; Yr 

= yearling; Juv = juvenile; Sub = sub-adult; Ad = adult. 

 Transition probability T  Fragmentation probability F  Change probability A 

SC Yr Juv Sub Ad + Yr Juv Sub Ad = Yr Juv Sub Ad 

Yr 0.43 0.11 0.02 0.00    0.03 0.15  0.43 0.11 0.05 0.15 

Juv 0.22 0.57 0.16 0.00    0.02 0.12  0.22 0.57 0.18 0.12 

Sub 0.00 0.08 0.54 0.09     0.05  0.00 0.08 0.54 0.14 

Ad 0.00 0.00 0.24 0.91     0.00  0.00 0.00 0.24 0.91 

Mort 0.35 0.24 0.05 0.00           
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The smallest of the natural post-settler size classes is may be referred to as a fragment when in human 

care, regardless of attachment status, although the terms ‘settler’ and ‘fragment’ may be used to 

indicate sexual vs asexual origin, rather than any difference in size. Fragments are defined as less than 

100 cm2, do not reproduce, and may be known as “yearlings” in land-based facilities, because under 

optimal growth in these, ramets generally spend a year in this size class.  

In ocean-based nurseries, ramets may spend 1-3 years as fragments before reaching the 100 cm2 

threshold of the next size class. In wild colonies, fragments are broken off donor colonies by wave action 

and other physical disturbances, and can form new colonies that are demographically independent (but 

genetically identical) to their donor if they reattach to appropriate algae-free, consolidated substrate. In 

human care, fragments are produced by cutting ramets off of adult colonies. Fragments are outplanted 

to appropriate substrate in highly variable spatial arrays based on the goals and objectives of the 

particular restoration or research project. These have not yet been standardized/optimized within F3P, 

and an important future task may be documenting how fragments are placed in “plots” within “sites” at 

a “location” on a reef. Some locations may be defined by their correspondence to particular GPS 

coordinates, while sites may be a handful of areas within a certain distance to the reference coordinate. 

Within sites may be a handful of smaller “plots.”. Mortality of yearlings outplanted in this way has 

typically been low in the first few years following outplanting, but can be highly variable and generally 

increases with time, up to 30% or more annually (M. Fraser, unpubl. data). 

Similar to yearlings, juveniles (or “hands”) do not reproduce, but are larger, at 100-900 cm2 and may 

spend several years in this size class (REFS). They have minimal branching, which is why rates of asexual 

reproduction are low. While in human care, mortality of this size class is very low (close to zero), 

although following outplanting, mortality may be similar to that of the fragment size class.  

Finally, sub-adult and adult colonies may be defined by their sizes (900-2,000 cm2 and >2,000 cm2, 

respectively, although a consensus does not appear to exist on precise definitions) and their ability to 

reproduce, with sub-adults able to do so asexually, and adults able to do so both asexually and sexually. 

Sexual maturity (when a colony releases gametes for the first time), has occurred at four years of age in 

A. palmata colonies raised from larvae and outplanted to the reef (Chamberland et al. 2016), while 

colonies can take correspondingly less time to reach this stage from outplanted fragments, just – 2-3 

years. The 2,000 cm2 threshold for sexual maturity is approximate: Soong and Lang (1992) found the 

smallest gravid colonies of A. palmata to be in a size class between 60 and 250 cm2 whereas 88% of 

colonies greater than 4,000 cm2 were gravid (Soong & Lang 1992). Adults are thought to have very long 

lifespans, with extrapolations based on branch extension rates indicating that ~30 years is the minimum 

possible age for the largest colonies in the upper Keys, and somatic mutation analysis indicates that 

some genets in Florida could be thousands of years old (Devlin-Durante et al. 2016). Direct demographic 

monitoring in the wild began in 2004, and many of the observed colonies had survived since then, up 

until the extreme marine heatwave of 2023 (Williams et al. 2024). Although it is difficult to know for 

sure A. palmata lifespans may be indefinite; there is scant evidence for genet senescence. In human 

care, survivorship data for subadults and adults are lacking because these size classes are rarely kept in 

human care.  

While reproduction and survivorship differ between sub adults and adults, growth rates are similar. 

Branches on colonies in optimal conditions may grow 47-99 mm per year (Gladfelter et al. 1978), and 

colonies may reach a maximum of 2m in height and over 4m in diameter, though colony size in human 

care may be limited by the space available, and large size is not a common management goal.  
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In natural conditions, colonies are arrayed in suitable habitat areas into “thickets”, or 5 - 10,000 m2 

clusters of high colony density and generally low genet diversity formed by sexual recruitment followed 

by long periods of fragmentation, nearby dispersal, and regrowth. These thickets are arrayed across 

different reef features (Figure 6), including the fore reef terrace, the reef crest, the back reef, and patch 

reefs. The highest points between the fore and back reefs, or the reef crest, are typically arrayed in 

ridge-like patterns called “spurs”, while the sandy depressions between spurs are called “grooves.” 

Outplanting is typically conducted on spurs. 

 

Figure 6: The relationship between different components of the Florida reef ecosystem (after Joseph Henry, 

UF/IFAS SFRC. Adapted from: Florida's Coral Reef Ecosystem Poster: NOAA, Florida DEP, FWC).  

 

Local groupings of A. palmata in the wild may also exist as more isolated colonies which are more likely 

to represent distinct genets, but can also be ramets of the same genet. The spatial arrangement of 

distinct genets and ramets within a reefscape, and the genet diversity of wild populations among 

individual reef patches is highly variable (Baums et al. 2006a). Ramets of the same genet may be found 

<100 m from each other, though in typical fore-reef habitats, sand grooves generally serve as barriers to 

ramet dispersal.  

Outside of this natural sequence is a final demographic class of A. palmata colony size, the 

microfragment class, which are generated only in human care, using a tile saw, bandsaw, or side cutters 

to cut larger colonies into 0.5-2 cm2 pieces (Forsman et al. 2015; Merck et al. 2022; Papke et al. 2021). 

Pieces are mounted onto and grow over pre-made ceramic or cement-based structures (e.g., disks, 

plugs, tiles, trays) in land- or ocean-based nurseries. Although this class appears to be relatively small in 

natural conditions and to have a minor role in population dynamics, in F3P a large proportion of 

outplanted corals have been generated this way in recent years. 

A NEXT STEP: STANDARDIZE DEFINITIONS OF SIZE CLASSES. Convene a process to consider the size 

classes currently in use by F3P participants, and develop standardized definitions, based on scientific 

literature and practicality, so that demographic data may be collected across F3P in the future. 
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Although survivorship is generally positively correlated with colony size in unattached A. palmata 

fragments generated by storms (Lirman 2000), it is not clear whether microfragments have lower 

survivorship than fragments, because there is an escape size effect, in which larger individuals can be 

more susceptible to disease and predation (E. Muller, unpubl. data). In one year, at one facility, 16,990 

microfragments were created and 7,947 survived to be outplanted the following year, implying a 47% 

survivorship rate for this 0-1 microfragment age class (E. Muller, unpubl. data). However, even 

accounting for this high mortality, the surface area outplanted was more than three times the surface 

area of the original material that was microfragmented. Also, microfragments may have faster growth 

than fragments, though this merits additional research to document effect size and mechanisms (Pausch 

et al. 2018). Numerically, facilities may produce many more microfragments via radial fragmentation 

compared to standard fragmentation. This also means that microfragments as a class can have a short 

generation time: under optimal conditions, after just 6-8 months a ramet is typically large enough to be 

microfragmented again. However, microfragments are generally not large enough to outplant on their 

own, as greater survival is found when outplants are > 2cm in max diameter (S. Schopmeyer, unpubl. 

data). Microfragments are thus typically outplanted in clusters. 

 

Generation time depends on mode of reproduction 

Generation time is generally defined as the average time it has taken for one organism to produce 

offspring at the same life stage in a population, given rates of fecundity, growth and survivorship in a 

particular set of conditions (Charlesworth 1994). This may be a challenge to calculate in species with 

complex life histories, and precise estimates are not currently available for A. palmata in any setting 

although population genomic models estimate sexual generation time to be ~14 years (Kitchen et al 

unpubl). In the wild, the minimum generation time for adult colonies via sexual reproduction or 

fragmentation is estimated at 3-5 years (Chamberland et al. 2016). However, in human care the 

minimum time that it may take for a fragment to grow large enough to asexually produce a fragment of 

its original size is shorter than this, at closer to 2-3 years – and the minimum time between creating a 

microfragment and being able to create new microfragments from that piece is even shorter, at 3 - 4 

months.  

 

Population size (abundance) can be difficult to estimate 

As A. palmata is a colonial species with indeterminate growth and lifespan, different measures of 

population size (e.g. number of ramets, area, volume etc) will likely be most useful for different life 

stages, within different population segments. To date, no formal decisions have been made about 

standardizing abundance measures within F3P.   

 

A NEXT STEP: STANDARDIZE ABUNDANCE MEASURES FOR SIZE CLASSES Once a set of demographic 

stages are defined for use in F3P, consider the range of methods currently in use by F3P participants 

to measure their abundance, and develop standardized definitions, based on scientific literature and 

practicality, so that demographic data may be collected across F3P in the future. 



Page 34 of 105   
  2025 APAL F3P Status Assessment 

 

Until recently, research on wild Florida A. palmata has focused on estimates of decline rather than total 

remaining population size (e.g., Williams et al. 2020), though wild colony abundance estimates based on 

habitat-stratified Keys-wide random sampling in 2005 and 2012 were in the range of 500,000 (±300,000) 

(Miller et al. 2013) colonies across the upper, middle, and lower Keys. However, after the extreme 

marine heatwave of 2023, populations have been decimated, and only one location has multiple genets 

that are large enough to contribute to sexual reproduction, and only 10 genets are sufficiently close to 

potentially cross fertilize in the case of a synchronous spawning event (Williams et al. 2024). 

In outplanted A. palmata, Mission: Iconic Reefs has invested a great deal of effort in recent years to 

measure abundance at seven reef locations across the Florida Reef Tract. Similar to natural populations, 

these numbered in the tens of thousands of ramets prior to the marine heatwave of 2023, but now have 

been greatly reduced across all seven reefs (M:IR, unpublished data). Few data exist on outplanted A. 

palmata outside of the seven reefs managed by M:IR, but it is likely that similar changes in abundance 

have occurred. 

In the F3P A. palmata in human care, estimates of population magnitude were attempted for the first 

time in 2023. Of the 24 organizations currently participating in F3P, 13 hold A. palmata in their care in 

quantities sufficient to be relevant for population management (Appendix 2). Although all participating 

organizations track the number of ramets of each size class that they produce, hold, and outplant, size 

classes are not generally standardized, and data have not yet been compiled for all of F3P.  

However, in February 2023 a first inventory was compiled for four organizations, of the number of 

ramets per genet, without breaking them down by size class (Appendix 6). This inventory revealed a 

total of 26,454 fragments held at these four F3P facilities, with the most held at Mote Marine Lab, 

followed by Coral Restoration Foundation, Reef Renewal USA, and the University of Miami. These 

numbers do not reflect biomass, as CRF and RR tend to hold larger fragments than the microfragments 

produced by Mote. Also, these numbers may fluctuate daily by up to 2,000, as new fragments are 

created (often 1,000 in a day) or outplanted (often 1,000-2,000 in a day). 

 

A number of projects likely to yield useful demographic information on wild populations are also 

ongoing. Across the upper Keys, NOAA SEFSC’s Coral Research and Assessment Lab maintains a 

demographic monitoring program, which has been exhaustively sampling most stands of A. palmata in 

the upper Keys since 2005. FWC currently monitors wild populations of A. palmata at four sentinel sites 

across Biscayne National Park and the middle and lower Keys, as well as two A. palmata patches within 

the Dry Tortugas National Park. Triannual surveys of these sites collect demographic information on 

colony size and overall colony condition for all A. palmata found within the monitoring plots. These 

surveys also provide information on the prevalence of various conditions that may impact the health 

and resilience of the monitored colonies, such as disease, predation, and bleaching. 

 

A NEXT STEP: REPEAT AND EXPAND THE GENET/RAMET CENSUS. Collect census information by genet 

annually, expanding to include all relevant population segments – prioritizing particularly gene 

banking facilities – and also collecting information by the standardized demographic life stages 

developed by the F3P management team. 
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8. Current A. palmata population: genetics  
 

While demographic characteristics of the entire F3P A. palmata population and its component sub-

populations have not yet been compiled, its genetic characteristics have received more attention, and 

the species as a whole is genetically well understood.  

 

A. palmata genetically well-characterized in the wild 

At the largest spatio-temporal scale, A. palmata is in the genus Acropora, the most species-rich genus of 

scleractinian corals. In the Caribbean and north-west Atlantic, the genus is represented by two species, 

A. palmata and A. cervicornis which form an F1 hybrid (“A. prolifera”). The hybrid is reliably identified by 

its colony morphology (with few exceptions) and thus visual species identification is mostly 

straightforward (Kitchen et al. 2022). A. prolifera is capable of asexual reproduction, via fragmentation, 

and sexual reproduction, and it can backcross to both species, although this is thought to be naturally 

limited (Fogarty et al. 2012). 

Although A. palmata has a small amount of population sub-structuring at the scale of the entire species, 

the species historically was well-mixed within the Keys -- and indeed within the entire eastern Caribbean 

– with little sub-structuring at the local and regional scale. This lack of substantial structuring is in line 

with theoretical expectations for a formerly abundant, widely distributed broadcast spawning species 

(Frankham et al. 2002). A range-wide survey of A. palmata population genetic structure using five, 

presumably neutrally evolving microsatellite markers showed that while most offspring have recruited 

to their natal reefs in the past, A. palmata stands were generally not inbred and harbored high 

microsatellite genetic diversity in the early 2000s (Baums et al. 2005). Furthermore, Caribbean A. 

palmata stands are structured into only two long-separated populations: an eastern and a western. 

With addition of samples from the Mesoamerican Reef Tract (Porto-Hannes et al. 2015) and with the 

development of high-resolution Single-Nucleotide Polymorphism (SNP) markers (Devlin-Durante & 

Baums 2017) only a minor level of additional population structure was detected within A. palmata, and 

population substructure remained absent in A. palmata within the Florida Keys (Kitchen et al, in prep).  

On a population and reef scale, A. palmata populations are generally outbred. This is reflected in 

pairwise kinship values within wild population segments and across the region (Figure 7). On wild reefs, 

most genets are not closely related across Florida (n = 714 samples) nor on single reefs (e.g. Elbow Reef, 

n = 41 samples). This means that among any two randomly sampled colonies in the wild, there is no 

level of detectable relatedness, and so the probability of inbreeding (two related genets crossing) is 

essentially zero. However, in lab-produced sexual recruits, where there may be multiple recruits from 

any particular cross, levels of kinship are much higher. 

Finally, within Florida, the genetic status of the remaining wild A. palmata is grim. Following the 2023 

marine heat wave, just a few dozen genets are known to persist in natural colonies. These are located 
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on just five reefs within the upper Florida Keys, with all but five at a single site (Elbow Reef). Of these, 

just ~a dozen have ramets large enough to be reproductive (Williams et al. 2024). 

 

Figure 7: Distribution of pairwise kinships between A. palmata colonies within two population segments in human 

care, four reefs, and three regions in the Caribbean, after Baums et al. 2022. 
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Multiple genetic challenges in human care 

A. palmata in human care faces multiple genetic challenges (Figure 8), described below. 

 

Figure 8. A. palmata life cycle and genetic challenges associated with population segments in human care, after Baums et al. 2022.
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Few remaining founders, even fewer fully safeguarded in human care 

At the colony scale, each ramet has a multi-locus genotype deriving from the fertilization event that 

created the genet it is part of. It is impossible to assign genet identity based on morphological 

characteristics, but the genet a given ramet belongs to may be determined with a recently developed 

SNP chip for A. palmata (Kitchen et al. 2020). Practitioners may also evaluate coral genet identity by 

making use of the fact that, while this species forms hybrids with A. cervicornis, it does not generally 

form chimeric colonies within its own species. Therefore, if practitioners place an unknown coral 

fragment next to a known fragment, and they fuse, the two fragments may generally be presumed to 

have the same genotype. This technique has been recently validated for A. cervicornis (Blanco-Pimentel 

et al. 2024). However, in the early post-settlement stages, chimeras may be more likely, although this 

has not been well-documented (D. Williams, unpubl. data; Osborne 2024). 

If the genet is unique and not closely related to other genets, and derived from past sexual reproduction 

in the wild, it is designated a “founder.” Because founders represent the only remaining sample of pre-

collapse, wild gene diversity, understanding founder numbers and distribution in the F3P population is 

essential to maximizing the retention of gene diversity into the future, both in remaining captive 

collections as well as outplanted ones. 

Within wild A. palmata across the Florida reef tract, genotypic diversity has steadily declined since it was 

first examined in the early 2000s (Williams et al 2024). From a historic number in the tens if not 

hundreds of thousands, the total number of founder genets that remained in the wild estimated to be in 

the order of 73 in 2020, while the number in human care was estimated at about 120 founders (Williams 

et al. 2020). These estimates were updated in a February 2023 inventory using genomic tools. In order 

to develop this inventory, briefly, genetic samples were collected from all “presumed” individual genets 

(or gene banked individuals) at each of four major holding organizations. DNA was extracted using 

Qiagen DNEasy Blood & Tissue kits with a modified extraction protocol, and samples were analyzed 

using the Acropora SNP chip (Kitchen et al. 2020). Resultant data were imported into Galaxy and 

analyzed using the Standard Tools for Acroporid Genotyping (STAG) workflow. All Florida A. palmata 

data were downloaded, sorted, and sent to practitioners to add current census data (per size class) to 

each known genet represented at their organization. Data from all organizations were analyzed to 

estimate the number of genets and founders currently in human care. 

Using the STAG workflow, the total number of Florida-origin A. palmata genets was estimated at 350 

(Table 5; Appendix 6). Of these, 150 were wild founders, while the remaining 200 were sexual recruits, 

which were produced in human care by crossing founders using gametes collected from colonies in 

human care or in the wild. However, of the 150 founders registered, only 142 were confirmed to be held 

in at least one of four organizations censused in February 2023 (Appendix 6). These eight missing 

founders may have been lost from holdings, or they may have been present but temporarily 

unregistered due to mislabeling or other errors.  

These February 2023 estimates deviate slightly from those made by Williams et al (2024), who 

estimated that 162 founder genotypes existed in total, but registered just 105 in their samples of 

nursery stocks. However, because tracking and registry systems are not fully standardized, errors 

persist, and because some of the founders are known to never have been added to nursery stocks, such 

discrepancies are not entirely surprising. 
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Table 5: Summary statistics of genets in four F3P institutions as of February, 2023. (see Appendix 6 for details) 

Category Number 

Sexual recruits 200 

Wild founders 150 

In human care 142 

not in human care 8 

TOTAL GENETS 350 

 

In addition to the Florida founders in human care in 2023, researchers suspected that perhaps additional 

founders may have remained in the wild that were still unsampled (Williams et al 2024). However, due 

to the massive effort required to save nursery stocks from the 2023 marine heatwave, few of these 

founders could be sampled, and just a handful have been added to collections since then (J. Moore, 

unpublished data). 

The reduction of the historic number of founders in this species to just 150 represents a tremendous 

loss, but is a larger number of founders than in other endangered species that are successfully being 

recovered (Frankham et al. 2017a). Furthermore, other regions in the Caribbean may still retain a large 

number of founders, although these have not been systematically assessed yet (I. Baums, unpubl. data) 

and many apparently suffered similar catastrophic losses in the 2023 heatwave. 

For the 150 remaining Florida founders in human care in Feb 2023, their representation in current 

holdings has not yet been estimated across all F3P organizations in any of the managed size classes. 

However, of the 142 founders confirmed in the four inventoried organizations in February 2023, the vast 

majority (111) were held by just a single organization. A further 22 founders were held by two 

organizations, and just nine founders were held by three organizations (Appendix 6). No founders were 

held by all four organizations. This means that many founders are susceptible to loss if organizations 

suffered some sort of catastrophe, such as a hurricane or flooding event. Reef Renewal USA held the 

most unique founders (not held at the other three facilities), at 53 founders, followed by Coral 

Restoration Foundation, which held 46. Mote Marine Lab held seven unique founders, while University 

of Miami held five. 

A NEXT STEP: REPEAT AND EXPAND THE GENET/RAMET CENSUS. Collect census information by genet 

annually, expanding to include all relevant population segments – prioritizing particularly gene 

banking facilities, including cryopreserved collections – and also collecting information by the 

standardized demographic life stages developed by the F3P management team. Include all A. 

palmata material under management by F3P, including from outside Florida, such as from Curacao, 

Honduras, Mexico, and any other locations from which material may exist. 
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In a clonally-reproducing population, gene diversity is maximized when founder representation is equal 

(Lacy 1989). For example, in a population of 26,000 ramets, derived from 200 founder genets, gene 

diversity would be maximized if each founder genet was represented in 130 ramets. As of February 

2023, the distribution of founders within each individual organization examined was highly unequal, as 

was the aggregate distribution across the four organizations examined. Some founders were 

represented by few to no ramets, while other founders were represented by hundreds (Figure 9). These 

differences in biomass in relation to genet may be the result of time spent in curation, as new 

collections take time to scale up, as well as differences in growth rate/health condition among genets in 

human care. 

 

 

Figure 9: Number of ramets per A. palmata founder genet, at four F3P holders, as of February 2023. Genets at 

Coral Restoration Foundation are in blue, at Mote Marine Lab in red, at Reef Renewal USA in green, and at 

University of Miami in black. Genets at more than one organization are indicated by the few bars that are up 

against each other. Founder IDs range from HG0186 to HG2004 but are not displayed for graphic clarity. A 

hypothetical equal founder distribution has the same number of fragments per founder (28,000 ramets/150 

founders = 190 ramets/founder; dotted line). 

 

 

 

  

A NEXT STEP: CRITICALLY EXAMINE LOW-FREQUENCY FOUNDERS. Consider if some founders are truly 

under-represented in relevant population segments, and prioritize increasing their frequency. While 

for some increasing frequency may be practically limited by low tolerance for local growing 

conditions, for others unequal frequencies may simply be the result of past chance events. 
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Genetic characteristics of outplanted A. palmata: not currently analyzed 

The distribution of founders and other genets in outplanted populations has not been analyzed, either 

before nor after the 2023 marine heat wave, nor has the distribution of other genetic metrics (gene 

diversity, inbreeding, etc), although data may exist to examine these at various spatial scales, at least 

prior to the heatwave. Williams et al 2024 report a small amount of outplant data in the upper Keys 

incidental to a study of wild colonies, and found a small number of surviving outplants at five reefs in the 

upper keys, with 10 surviving genets between two reefs, and six genets at a third.  

Additional outplant genetic data from the recent past are housed in the M:IR and CRF relational 

databases, and include genets outplanted (based on organizational house name), location, date, number 

of colonies, and sometimes the size of colonies (although not all organizations report this). However, 

before data could be mapped, some work would need to be conducted developing synonyms and data 

analysis conventions, as different organizations delimit the same genotype with different names (A. 

Moulding, unpubl. data). The value of conducting this mapping using data prior to 2023 might be 

limited, however, if most outplants have not survived to the present time. 

Finally, a number of additional genetic projects are ongoing or in the planning stages for F3P. One of 

these includes re-genotyping all colonies held at the three “gene bank” facilities for F3P (Mote 

International Coral Gene Bank, The Reef institute, and Nova Southeastern University) in order to ensure 

that holdings are accurate. A second may include re-genotyping colonies that became separated from 

their identity markings in the course of rapid rescue efforts during the summer of 2023.  

 

 

 

9. Current infrastructure and capacity 
 

Within F3P, the organizations holding A. palmata in human care currently use six main categories of 

infrastructure to manage the corals in human care (Figure 10; although there are many additional types 

worldwide, and they continue to evolve. Institutional capacity to manage A. palmata and their 

commitment to doing so into the future has not yet been quantified, but a handful of institutions have 

provided initial information (Appendix 5). 

A NEXT STEP: COMPILE AND SHARE INFO ABOUT ONGOING GENETIC PROJECTS. Incorporate 

information about ongoing genetic work in periodic population management plans, so practitioners 

understand their status and how they can contribute. 
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 In ocean-based facilities, the first and most widely implemented of these in Florida is the coral “tree”. 

Trees are constructed of fiberglass rods arrayed like “branches” on a single PVC “trunk”, and typically 

hold about 6 fragments per “arm”, or about 60-100 fragments per tree, typically all of the same 

genotype. Each tree may have an organization-level identifier, but fragments within trees do not 

typically have unique IDs. Thus, in a disturbance if fragments become detached from a tree, their genet 

information may be lost. Trees may have relatively high maintenance needs, with manual cleaning 

conducted monthly, but they may be moved higher and lower in the water column to protect corals 

from storms, heatwaves, or bad water events. 

A recent variant similar to trees is the “rope”, which may hold up to 30 fragments of 30-50 cm each. 

Ropes may allow colonies to grow larger before re-fragmentation or outplanting is needed; requiring 

less frequent manual cleanings (virtually none after the first year); being more resilient to storm 

damage; costing less to set up; and being themselves out-plantable as is, once their useful lifespan is 

over. However, ropes are vulnerable to disease outbreaks, which can kill all the corals on a rope if left 

unchecked. Furthermore, it may be difficult to remove a diseased individual from a rope, especially if 

the diseased portion includes the area that it twisted into and/or growing over the rope.  Finally, it can 

be a challenge to precisely place fragments within specific microhabitats within the reefs, due to their 

restricted attachment to the rope.  

 

a     b            c    d    e 

 

Figure 10: Five types of infrastructure used by F3P participants to manage A. palmata in human care. From left, 

these include a) floating “trees”, anchored to the sea floor (Coral Restoration Foundation); b) floating “ropes” 

similarly anchored (Reef Renewal USA); c) outdoor “raceway” tanks; d) indoor “raceway” tanks, and e) indoor 

“spawning” tanks (all K. M. Rodriguez-Clark). Not shown is a sixth type: ultracold freezers for maintaining 

cryopreserved sperm collections. 

 

A NEXT STEP: QUANTIFY F3P CAPACITY AND COMMITMENT. Once F3P success and goals are defined, 

reaching these will depend in part on F3P capacity and commitment to work toward these goals. 

Quantify relevant aspects of capacity and commitment to understand how these might need to 

change in the future to reach goals. 
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Trees or ropes are typically grouped together in the ocean into a “nursery” area, each consisting of an 

area generally no larger than an acre and containing a variable number of trees or ropes within it, from 

dozens to hundreds. Major threats to ocean-based nursery populations include prolonged warm water 

events, which in recent years have occurred several times per summer; “bad water” events (or events in 

which low-oxygen, hypersaline, or contaminated water fill an area), which are correlated with high heat 

events; drift algae blooms that get caught on the corals and kill the fragments, jellyfish blooms, which 

impale themselves on corals and kills them; vessel disturbance; and hurricanes, which peak during 

August to September in Florida. These varied threats may be mitigated with similar measures: lowering 

collections closer to the sea floor, away from the surface or potentially mitigating heat events using 

novel methods for light reduction via shading, sprinklers, or microbubbles. 

In land-based facilities, “raceways” are the primary infrastructure used to maintain A. palmata. These 

long, shallow tanks are highly variable in dimensions, and use a circulation system (pumps or 

powerheads) to mimic the water movements typical of this species’ reef habitat. One raceway may hold 

dozens of adult colonies, hundreds of fragments, or thousands of microfragments, and may require 

manual cleaning as frequently as once per week in densely filled raceways, or as infrequently as never, if 

snails or other invertebrates are used to keep algae levels low. Corals are often grown on ceramic or 

cement “plugs” that are held on egg crate racks. Raceways may receive water directly from nearshore 

areas, and so be susceptible to poor water quality events, or they may be on a “closed circuit” system, 

which can protect them from such events and often also use artificial or ozonated seawater to control 

for appropriate water quality. Outdoor systems are often covered by a shade cloth to reduce the 

amount of sunlight the corals receive during high irradiance periods during the summer months. If 

raceways are outdoors or are not in reinforced buildings, they may also be susceptible to hurricane 

events. 

Aquarium tanks, made of glass, on the other hand are used for short-term holding, in order to manage 

colonies for gamete production and collection, long-term holding for the induction of gametogenesis 

and subsequent spawning purposes (Craggs et al. 2017), or for targeted medical treatments. Because 

they typically have closed-circuit water systems and are fully climate- and light-controlled, they are not 

as susceptible to major catastrophes as outdoor systems, but are still at risk during power outages. The 

only cases in which tanks are used for longer-term holding are for corals used for public display and 

education. 

One final type of infrastructure is also used on land to manage A. palmata: ultracold storage. Liquid 

nitrogen (-196°C) is typically used to store 1 ml aliquots of coral sperm, which in theory can retain 

viability for up to 1,000 years (M. Hagedorn, unpubl. data). Cryopreservation of microfragments is also 

an emerging technology (Hagedorn et al. 2019). To date, the number of founders in storage is relatively 

low, and should be expanded.  

 

A NEXT STEP: CRYOPRESERVE EXTANT FLORIDA A. palmata FOUNDERS. To secure founders, the 

current state of the art would be to store 20 to 40 1 ml cryovials of a prioritized selection of founders 

in at least two separate ultra-secure cryo facilities. However, if the physiology of the founders has 

been compromised by stress (e.g., warming, bad water, disease etc.), these individuals will produce 

suboptimal sperm incapable of being cryopreserved, or they may not spawn. Ideally, founders 

should be spawned in captivity, their gametes assessed and then cryopreserved.  
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10. Record keeping and analytical systems 
 

Developing ongoing record-keeping and analytical systems to support population management for F3P 

will be an iterative process, and may take years to fully mature, depending on goals and targets set. 

These systems will develop from current practices in A. palmata and other species, both more related 

(like other corals) and less related (possibly in plants and other group-managed species). Presently, 

different types of A. palmata data relevant to population management are collected in varying ways, 

using different systems, on: 

- demographic units: ramets (single colonies, fragments, etc.) and also groups of ramets 

- genetic units: genets, genotypes, founders, alleles, etc. 

- infrastructure units: tanks, raceways, nurseries, trees, etc. 

- spatial/ecological units: reefs, locations, sites, plots, etc. 

Few data are currently shared or integrated across all of F3P (with the notable exception of accession 

information maintained in the Coral Sample Registry), and data needs and collection feasibility vary 

greatly among the population segments that are in the ocean versus on land, as well as wild or 

outplanted corals versus those in human care. Although F3P has a designated leader to suggest and 

coordinate population management actions, no single person is currently designated for the ongoing 

task of registering, supervising, organizing, and quality-checking data for decision-making support in F3P 

population management, at the level of the entire program – although a handful of organizations have 

such designated “registrars” at the institutional level for A. palmata data. Similarly, there is currently no 

designated person overseeing and conducting analyses to support population management decisions. 

Although a wide variety of data may be collected to support population management, here we divide 

these broadly into two categories: “research” data, collected once or a limited number of times to 

respond to specific questions and defined projects and “management” data, which need to be collected 

repeatedly to be useful for ongoing decision-making. The latter is what we refer to by “data” below, 

which we summarize in seven categories. 

It is important to note that the summary below covers only the management data that are currently 

collected, without making any judgements on their value or whether/how they should be modified, 

expanded, or changed. It is difficult to evaluate what management data “should” be collected until the 

roles and goals of the program (addressed above) are further clarified. 

 

1. Demographic data for nursery/lab population segments  

In land-based facilities, the unique identity of single demographic units is tracked in some fragments, 

and most adults, using physical tags, barcodes, and even in a few cases RFID chips. However, failsafe 
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techniques for tracking demographic identity have not been standardized, fragments and 

microfragments may become separated from their IDs, and genet and other associated data may 

become dissociated from the colony, requiring expensive and time-consuming re-genotyping. 

 In contrast to fragments and adults in land-based facilities, gametes, embryos, sexual recruits that are 

not going into an asexual production pipeline, and other fragments, juveniles and subadults are often 

“batch tracked” using group IDs associated with the infrastructure in which they are held (tube, tank, 

rack, etc). Information tracked may include provenance including sources of parents, and year of 

production. For example, a batch cross produced by parents from Biscayne National Park in 2021 may be 

named “Bisc SR 2021,” while more complete information on this group is often stored in facility-

managed databases, typically in Excel spreadsheets. For gametes and sexual recruits, the demographic 

units tracked are typically groups. In the case of gametes, groups represent a sample of eggs or sperm 

produced by a particular, identified single coral on a particular date. On collection, a group of gametes is 

given its own ID, which is usually not a simple number, but instead is a string that may include collection 

date/year, species, parent ID, and organization information. Swimming larvae and settled sexual recruit 

batches are given IDs similarly, with strings that include both parental IDs. Group IDs are typically unique 

at the level of an organization. 

The data collected for each batch of gametes or sexual recruits may include parentage of corals 

including genet ID when possible, spawning date, collection site (reef name with latitude and longitude), 

contribution of parents (by volume of gametes contributed from each parent, or at least relative 

contribution as high, medium, low), and appropriate collection permits. However, data are not 

standardized and may vary between practitioners.  Managers typically use these data in order to 

estimate the proportion of closely-related genets within a population and track the representation of 

specific parents within cultured and outplanted corals, but additional data may be collected to make 

other management decisions as well. 

In instances of larval or recruit transfers between institutions, an official record of coral transfer may be 

sent with the corals with more detailed information on transferred corals including date of transfer, 

name and location of receiving institution, species, sizes and numbers transferred. These documents 

may also contain additional information on the parentage of transferred corals including spawning date, 

collection site, relative contribution of parents, and appropriate collection permits. 

In contrast with sexual recruits, founder genets are given unique universal individual IDs, both at the 

F3P level and at the organization level. The genetic make-up of founder genets at >18,000 SNP loci is 

stored in STAG DB (Kitchen et al. 2020). Founder genet IDs are tracked in the Coral Restoration 

Consortium’s Coral Sample Registry and Coral Restoration Database (Moura et al. 2021), which the 

NOAA Fisheries Southeast Regional office has been supporting to collect data on A. palmata in human 

care since 1993, although the oldest record for the species in Florida is 2012 (A. Moulding, unpubl. data). 

These databases cover multiple coral species, including A. palmata, and record collection information 

(location, date, etc), assigning a unique identifier (global accession number) to each sample collected 

from the wild. However, the same founder genet may have more than one Registry ID number, if 

samples of that genet were accessioned more than once. Furthermore, distinct ramets of the same 

genet do not usually get individual IDs, and are more often tracked as groups. Fragment group IDs are 

tracked with a range of methods, including: “credit card” sized plastic tags; other plastic tags originally 

developed for cattle; handwriting on ramet support substrates with indelible ink. However, recent work 
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has demonstrated the high degree to which tracking identity is a problem. Of 184 stock samples 

genotyped and compared with genet and location information from source wild colonies, 22 were 

mislabeled (12%; Williams et al 2024). 

 RFID chips are being tested in a number of land-based facilities for gene banking and may be a way of 

reducing identification errors. However, RFID technology suffers from several key drawbacks which 

have yet to be overcome: 1) it can be time-consuming to “chip” each fragment when tens of thousands 

are managed; 2) individual chips are about an order of magnitude more expensive than they would need 

to be for wide adoption; 3) additional “hands” lobes on growing coral would need to be re-chipped prior 

to fragmentation; 4) no underwater RFID chip reader has yet been developed; 5) chips are passive and 

so can only be detected by a reader within a few cm, but corals do not have standard morphologies to 

place chips so that practitioners know where to swipe a reader; and 6) chips may become deeply 

embedded in the stony skeleton and impossible to read.  

Although standardizing a practical marking method that is reliable in all circumstances is typically 

considered foundational in any population management program, this may take some time to develop 

in F3P, and a certain amount of repeated re-genotyping may need to be planned for, particularly in 

ocean-based nursery corals exposed to storm action. 

Fragments and microfragments are commonly tracked in physical cohorts such as a rack (land-based) or 

tree (ocean-based) containing many ramets of the same genet. In land-based facilities, the number of 

ramets in each size class per genet is typically tracked throughout the year (e.g. - “Tank A1 has 40 plugs 

of genet AP20. All of these plugs are 3/4 of the full size. We hold 362 plugs of AP20 of this size in total.”). 

Mortality is noted when colonies within cohorts die, as a % lost, along with potential causes of mortality. 

When new microfragments are created, all those created on the same day receive a group ID. Because 

all ramets have the same ID, data are not generally available to track single colony progress through size 

classes, though it could be collected for particular studies. 

 

Data on ramets are recorded in a variety of software platforms depending on the organization. Florida 

Aquarium, the Florida Rescue and Propagation Program and Mote’s International Coral Gene Bank all 

use Tracks (Niemann 2025), while Mote Marine Laboratory uses Google Sheets and is collaborating wth 

others to develop a novel tool (Sea Foundry 2024). The Florida Aquarium on the other hand uses the 

Zoological Information Management System (ZIMS; Species 360 2025). Other existing data structures, 

some at higher geographic scales, include the REEFHabilitation portal database, Florida’s annual permit 

reporting system and Coral Monitoring Dashboard, and the Caribbean Coral Spawning Monitoring 

Database. 

 Managers may potentially use these data in order to track growth and survival rates within genotypes, 

assess representation of wild-collected genets vs. sexually produced genets, decide when to conduct 

fragmentation (based on size class) or when to outplant (based on size class and number of 

A NEXT STEP: DOCUMENT TRACKING METHODS. F3P participants use a variety of tracking methods 

to identify and follow the fate of the coral they produce and outplant. Document these and share 

them among participants, so that the pros and cons of different methods may be considered and 

participants may move toward the standardization necessary to reach goals. 
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ramets/genet), and plan outplant events to maximize representation of unique genets, although a 

detailed review of how data are currently used was not undertaken for the current assessment 

Genet IDs combined with physical location and date data were the method by which practitioners most 

commonly associated coral groups with their meta-data – their veterinary, husbandry, morphological, 

demographic, genetic and other data. However, as mentioned above, sometimes groups or ramets 

become separated from their identifiers. In these cases, ramets that have become separated from their 

IDs may either be grafted next to a known, suspected same, genet to test whether the unknown and 

known genet will fuse, may be re-genotyped, or may be removed from the managed population. 

In ocean-based facilities, fragments of the same genotype are typically housed on the same structure 

and tracked at the structure level. Inventory numbers by tree and by nursery are also recorded in field 

nurseries. Size classes are also noted, although not as frequently as in land-based nurseries. Mortality is 

also noted less frequently. 

In both land and ocean-based facilities, some but not all demographic units (whether single ramets or 

groups/batches) have been assigned identifiers that are globally unique across F3P. Examples of unique 

identifiers in other managed populations include global accession numbers (GANs), used in ZIMS for 

Husbandry, and/or “studbook” numbers used in ZIMS for Studbooks. These numbers are typically 

assigned to a particular demographic unit, regardless of whether it shares a genotype with another unit.  

In terms of census information on nursery population segments, several databases are maintained by a 

variety of organizations. One partial census of participants has been conducted by F3P (Appendix 6); 

most F3P participants census their own collections periodically, although these have not been collated. 

More globally, the CRC Nursery and Outplant Database, maintained in Microsoft Access (Microsoft 365 

2025) and administered by Alison Moulding, gathers together information on nurseries (location, 

contact information, structure type, physical characteristics); on the annual census of the number of 

ramets per assumed genotype, irrespective of ramet size; and on all genets held (genotype, analysis 

information, collection date, location, and accession number; Coral Restoration Consortium 2025). Data 

are requested from F3P and other Florida restoration practitioners annually. The database is not 

publicly accessible, nor accessible to practitioners, but information in the database is available on 

request. The database supports genetic identification by both local ID and the accession number 

assigned by the Coral Sample Registry, but does not track information at the ramet level within a genet. 

Work is underway to replace the Access database with one that will be online to improve accessibility, 

on the REEFhabilitation Portal (The Nature Conservancy 2025). 

 

2. Demographic data for outplanted population segments 

Several databases of demographic information on outplanted population segments are maintained by a 

variety of organizations. Again, Mission: Iconic Reefs maintains extensive data on outplanted 

populations at seven reefs across Florida within an ArcGIS spatial database (ESRI 2025). Within 

restoration plots, practitioners outplant using their preferred methods, which may include their own 

genet IDs, which if not indicated with a label on the reef, is reported to M:IR for incorporation into its 

master map. Practitioners collect their own monitoring data, but M:IR does global monitoring as well. 

Demographic data collected are scant, although photomosaics are used to monitor % cover for A. 
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palmata, and there are plans to examine coral growth in at least a subset of plots. Also, every-other-

year surveys were at one point planned to examine changes in coral size-frequency distributions, for 

both outplanted and unrestored control plots at each site, but demographic results have not been 

published. 

The CRC Coral Restoration Database also includes a large amount of data on outplanted corals, including 

from areas that are not part of M:IR. These data consist of location, date of outplant, species, and 

number and size of outplant. F3P participants receive individual Excel spreadsheets in the first quarter of 

every year from the CRC CRD, and are requested to return updated information by June. Data on 

outplanted corals are available by request, similar to nursery population segments. 

 

3. Demographic data for fully wild Florida A. palmata 

In 2022, two primary projects collected demographic data on Florida A. palmata in the wild. The first is 

focused on the upper Keys, and is run by NOAA’s Coral Research and Assessment Lab, and the second is 

Florida Fish & Wildlife Commissions project, “Monitoring and Mapping of Threatened Acroporids in U.S. 

Jurisdiction: Development of a Multi-State Conservation Program,” which monitors plots in Biscayne 

National Park and the lower Keys. Finally, Nova Southeast University has collected some information on 

single A. palmata colonies in south eastern Florida. However, a complete review of demographic data 

for wild Florida A. palmata was not attempted for this assessment, and may comprise additional efforts, 

particularly in the wake of the 2023 marine heat wave. 

 

4. Genetic data for population segments in human care 

Genetic data on coral in human care can essentially fall into two classes -- molecular genetic data and 

pedigree data -- from which genetic statistics such as inbreeding and gene diversity may be inferred. On 

the pedigree side, data on the IDs of parental colonies to sexual recruits and asexual fragments may be 

recorded in some cases, but is generally limited. The first reason for this is that the parent is not known, 

for several reasons. Parents may not have IDs specific to the actual ramet that produced the gametes or 

fragments; the parental ramet may be part of a group ID; or the parent may only be identified by a 

known or presumed genet. The second reason is that eggs and sperm from multiple parents spawning 

on a given night are most often mixed in a “batch cross.”  This practice is common to ensure that crosses 

produce viable recruits because some genets have crossing incompatibilities, which are poorly 

understood and difficult to predict. Furthermore, it is difficult to predict when particular corals will 

spawn, and if they spawn on different nights, planned crosses may only be possible if sperm are 

cryopreserved for use with later-released eggs. Although techniques are being developed to improve 

success rates in bi-parental crosses, most recruits are still created with batch crosses. 

Collection of pedigree data remains limited also simply because pedigree information is shallow: all 

genets in human care ultimately derive from either sexual reproduction events that occurred in the wild 

(up to thousands of years ago), or the deliberate first-generation cross of two other such genets in the 

lab. To date, no sexual recruits in human care have been documented to parent a second generation of 

sexual recruits. However, prior to the 2023 marine heatwave, some outplanted recruits were close to 
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reaching a size where they could at least in theory spawn, although the fate of these colonies post-

heatwave is uncertain (Z. Craig, unpublished data). 

On the molecular side, prior to 2019, genetic data were limited to multilocus microsatellite genotype 

data and restriction site–associated DNA (RAD) genotyping (usually 2bRAD) for some colonies. More 

recently, the development of a dense panel of SNPs and the streamlining of genotyping with an Applied 

BIosystems Axiom coral genotyping array, or “SNP chip” has improved the feasibility of collecting 

molecular data (Kitchen et al. 2020). The chip provides a stream-lined approach that can be outsourced 

to a vendor for analysis, allowing facilities without a lab to process samples on a standard array for 

comparable downstream analysis. For the demographic units described above, in many cases some 

molecular genotype data for that unit is now recorded along with demographic information, so that a 

recruit or colony will also have an associated genotype.  

A master list of genotypes is currently maintained using the Galaxy software and pipeline. With the 

genotypes, Galaxy houses sample metadata such as local colony ID, extraction method, DNA 

concentration, collection coordinates, reef name, collector name & organization, email address, 

collection date, assigned genotype name (as determined in the STAG workflow), etc. A user can then 

analyze the data for sample relatedness and a variety of other factors. Additionally, Galaxy stores 

symbiont SNP data for each sample submitted.  The FWC Fish and Wildlife Research Institute also 

maintains a Florida A. palmata genotype database, which maps information from the Galaxy STAG DB 

database to nursery inventories.  

Thanks to the Galaxy platform, existing census data for four facilities also includes genotype data 

(Appendix 6). Similarly, genotype data are integral to Mote Marine Lab’s internal record-keeping system: 

Mote collates both genetic information (clonality and relatedness) and provenance information 

(collection reef and coordinates, partner source, sexual recruit vs. wild colony) into a single database of 

all putative genotypes ever held by Mote. All A. palmata outplanted by Mote have been genotyped at 

least once, and population demographics (in holding and outplanted) are tracked not only by genetic 

identity but by provenance to maximize both genetic and phenotypic diversity.  

There are important challenges to collecting and maintaining genotype data in A. palmata populations 

in human care. Challenges include the need to use comparable methods. For example, if some regions 

use a de-novo RAD seq method, they will not produce genotypes that are comparable to the SNP chip 

genotypes. For both molecular and pedigree data, naming systems and tracking identity form a set of 

major challenges. There is a need to better identify genets and samples reliably and repeatably so that 

when a sample is sent for genotyping, the resulting genotype can be mapped back to the correct single 

colony or other demographic unit the sample came from. Mix-ups with metadata can occur, and if 

demographic units are somehow separated from their identifying information, protocols are needed to 

avoid expensive and time-consuming re-genotyping - for example identifying when grafting fusion tests 

would be appropriate to apply. Finally, at a broader level, naming systems have been a challenge. If one 

nursery sends a genotype to another nursery, if the second nursery renames it according to their own 

naming system, it can be hard to determine that both nurseries have the same genotype in holding, 

because they have different names.  
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5. Genetic data for outplanted population segments 

As molecular genetic data have become available for nursery population segments, they have also 

become feasible to track in outplanted populations. Like demographic information detailed above, 

genetic data for F3P outplants are held by individual organizations, by M:IR for some sites, and by the 

CRC Restoration Database. The CRC database holds genotype information for outplants across Florida’s 

reefs. However, in the past multiple nursery operators may have used the same genotype but recorded 

it using different house names, making information difficult to compile. More recently CRC has 

implemented a new standard, asking practitioners to report outplants by both house ID and Coral 

Sample Registry accession number, but this standard has not been universally adopted.  

For example, Mote keeps genetic information (and survival data) for all outplant events with both Mote 

nomenclature and global accession number. Mote submits this information to CRC, but is not yet able to 

use the CRC database to identify which genotypes are being outplanted at nearby sites by other 

organizations, limiting the ability of practitioners to understand inbreeding risks via larval connectivity as 

well as to reduce overrepresentation of shared genotypes. 

M:IR maintains genetic data within its ESRI spatial database at a higher resolution, which if analyzed 

could potentially be used to calculate a number of genetic parameters, such as founder representation 

and genotypic diversity at the scale of sites, and kinship at scales relevant to potential crosses in future 

possible spawning events wild. However, much of these data have not yet been organized for analysis, 

although this would be straightforward to do (M. Fraser, unpubl. data) 

 

6. Genetic data for fully wild Florida A. palmata 

Currently, because remnant fully wild A. palmata in the Florida Reef Tract are so rare, the genet identity 

of nearly all persisting colonies is currently known (Williams et al 2024). Undocumented founders may 

persist in Biscayne National Park or Boward, and a low level of additional ongoing molecular genetic 

monitoring is being conducted. More robust genetic monitoring would be needed in the future should 

wild recruitment resume, but such recruitment has not been observed at all during the 15 years that 

careful monitoring has been conducted (Williams et al 2020). 

 

7. Genetic and demographic data for all of F3P 

As described above, presently there are no genetic or demographic data compiled and integrated across 

all population segments at the scale of the entire F3P. However, at one point a FWC genet registry was 

being developed for the Florida Coral Rescue and Propagation Project, and if developed in the future 

A NEXT STEP: SECURE GENET DATA. The STAG DB master list of genotypes is currently maintained by 

a small number of researchers with temporary funding. Identify and obtain long-term funding and 

develop an institutional support structure that allows this core database to continue to grow and 

support population management into the future.  
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this may be available for use by programs for any FL coral species. Furthermore, the CRC and M:IR 

databases described above could in theory be expanded in the future to cover all F3P population 

segments, including cryopreserved ones. 

 

 

8. Analysis tools for ongoing management and projection, using demographic and genetic data 

Finally, at present no statistical summary, analysis, or modeling/projection tools are currently used to 

support demographic or genetic management across all of the population segments in F3P. However, 

Mission: Iconic Reefs has some basic tools developed for its seven sites within the Florida Reef Tract. For 

these sites, M:IR is for example able to calculate the total number of colonies outplanted, and it collects 

data on survivorship that it is actively developing into benchmarks for how far it is from its % coverage 

targets. It also collects spatial data on genets and size classes, which are available for future efforts.  

In the future, a number of additional and new analysis and modeling tools that make use of the 

demographic and/or genetic data described above may be useful to support management decision-

making for F3P. Such modeling has long been used for population management in agricultural contexts, 

and is growing ever more sophisticated for use in reintroduced plants and animals (e.g., Shahhosseini et 

al. 2021; López-Borghesi et al. 2023). Similarly in a conservation context, decisions supported in this way 

may include: when, how many, and which organisms to move from one population segment to another; 

when, how many, and which organisms should be reproduced; which methods of reproduction should 

be used; how management practices should change to improve a target population parameter; and 

what the spatial arrangement of organisms should be in all of these contexts, among other decisions. 

Analyses used to support management decisions may include visualizations of trends in population size, 

location and structure; estimation of growth rates, mortality, and fecundity; calculation of founder 

representation, gene diversity, and inbreeding, among many others; as well as the relationship of all of 

these statistics in a spatial context.  

Presently, the software package PMx is the analysis tool most widely used for estimating relevant 

demographic and genetic parameters in animal populations in human care for conservation purposes 

(Lacy et al. 2012) As inputs for estimates, it requires data exported from the ZIMS or Poplink database 

packages, although (in theory at least) properly structured Excel databases may be used as well, as for 

example has been the case with the Florida grasshopper sparrow recovery program (G. Ferrie, unpubl. 

data). PMx is currently implemented primarily for organisms managed individually, that have age-

dependent growth and reproduction, and is generally unable to make effective use of spatial data. 

However, an extension of PMx was recently developed, “PMxeptional”, which is capable of the stage-

based demographic estimation required for a species with a life history like A. palmata (Wood et al. 

2020). Although not being currently developed in a spatially explicit platform, the company that 

produces ZIMS has recently acquired Hortis, a package to maintain comparable demographic, genetic, 

A NEXT STEP: CONTINUE SCALING UP GENETIC AND DEMOGRAPHIC F3P DATA. This section has 

compiled just some existing and ongoing data collection efforts for genetic and demographic data 

relevant to F3P. As a vision is refined, goals are set, population segments defined, and targets 

determined, the data collected to track progress will need to expand and adapt. 
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AND spatial data for plants, so integration of spatial capabilities into this suite may be possible in the 

future. 

In addition to estimation of population parameters, modeling tools that provide projections may be 

useful to support the explicit consideration of future outcomes to current alternative management 

scenarios and their impacts on parameters of interest. Modeling approaches might be useful to answer 

immediate management questions such as, “if I want to have X amount of coral of Y size and Z 

genotypes ready for outplanting in 12 months, which colonies should I fragment and move where now? 

Should I keep them in land or ocean-based nurseries? If I want site A to have B% gene diversity and no 

higher than C% inbreeding among its future sexual recruits, how many of which genotypes should I 

outplant there next week?” However, modeling approaches may also be useful for considering tradeoffs 

in setting longer-term targets. For example, larger genets may be more evolutionarily successful 

because they contribute more larvae to the larval pool than small genets, but large genets are at the 

same time limited by the supply of compatible gametes, as they may have few other genets nearby with 

which to cross. A very large genet that dominates a reef with no other genets nearby is evolutionarily 

extinct until another genet arrives (Baums 2008).  

The area of modeling demographic and genetic outcomes in coral is growing (e.g., Lord et al. 2023), and 

the number of “off-the-shelf” software packages to specifically support coral restoration with database 

and data analysis functions is growing as well. Current options include ReefOS (Coral Gardeners 2025), 

and LXZ Fishlab (Luxaqua 2025) with eCoral in development (KAUST 2024). As mentioned above, Mote is 

currently in the process of developing a custom-designed system to serve some of these functions with 

SeaFoundry. However, most of these are in early stages, so some practitioners have adapted systems 

developed for production of other species; for example, coralvita.co uses an off the shelf solution 

developed for hydroponic farming (G. Halpern, unpubl. data).  

In spite of the growing interest in and number of tools being developed, no standards yet exist to guide 

their development, and there is currently no group in charge of considering or establishing such 

standards. Developing data standards is a common activity in biodiversity science (e.g., Darwin Core 

Maintenance Interest Group 2025), and could help the coral community by allowing practitioners to 

continue to develop solutions tailored to their situation, while ensuring that their data could be shared 

or migrated to other platforms in the future. The Coral Restoration Consortium could be one logical 

place for a standards working group in the future. 

In addition, several tools not specifically for coral are currently available that may provide useful 

support. In addition to estimating parameters, PMx incorporates very simple deterministic projections 

for reproductive planning and for considering the impacts of various interventions on gene diversity, 

inbreeding, and other parameters of interest, although it cannot yet do this easily for group-managed 

species with stage-dependent life histories. Building custom models is a possibility, as it is the norm in 

coral research (Vardi et al. 2012; Lord et al. 2023), and has been made easier with increasingly 

sophisticated and longstanding programming tools (e.g, R packages for stage-based modeling; Jongejans 

& Salguero-Gómez 2016). However, these can be time-consuming and expensive to develop, require 

extensive testing for accuracy, and unless major investments are made in GUIs and other user-

experience elements, typically are not sufficiently user-friendly to be used by practitioners in ongoing 

management.  
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A set of existing population modeling systems may be useful for overcoming these limitations, although 

each has important pros and cons. RAMAS GIS is a well-developed simulation system for modeling 

metapopulations on a landscape (Akçakaya 2005), but does not presently include any genetic estimation 

or projection. Vortex is another simulation system which makes genetic and demographic projections 

(Lacy & Pollak 2020), and it has recently been expanded to permit modeling of stage-based rather than 

age-based life histories. However, it can only do this in a spatially explicit context if linked by a model 

management system MetaModelManager (Pollak & Lacy 2020) to another package, Spatial, which itself 

is not presently able to handle group-based (rather than individual-based) data.  

Another modeling system, ST-Sim (for “State-Transition Simulation”, Daniel et al. 2016) is used 

extensively for projecting vegetation dynamics (succession, fire effects, harvest or other management, 

etc.) on a spatial scale, and may be appropriate for modeling coral dynamics on a spatial scale. Although 

it does not currently project genetic parameters, it can be linked to other models using a metamodeling 

framework (SyncroSim; ApexRMS 2025). Active research is underway to link the ST-Sim and Vortex 

programs to be able to handle simultaneous management of genetic parameters in animals and plant 

species in single habitat (R. Lacy, unpubl. data). A final platform which may be of use for manage-

support modeling could be HexSim (Schumaker & Brookes 2018; Shumaker 2024). Like Vortex, this 

platform uses individual-based modeling of population dynamics to estimate and project demographic 

and genetic parameters, but unlike Vortex (and like RAMAS), is able to do so in a spatially-explicit 

fashion. However, because it is flexible and powerful, implementing it can be complex and difficult, and 

may not save time/effort relative to other options.  

 

 

10. Logistical, technical, resource, and other opportunities and 

constraints 
 

One important constraint on F3P not highlighted above might be obvious, but bears repeating: the 

factors increasing the frequency of catastrophes that have brought A. palmata close to the brink of 

extinction in Florida have not abated. This means that project participants must continually balance 

efforts to move toward proactive, planning-based population management efforts, with more reactive 

rescue and response-oriented efforts.  

For example, Florida has just undergone an unprecedented warming event, which in addition to putting 

ocean-based A. palmata populations at risk, also required practitioners to make extraordinary efforts to 

mitigate warming effects. Thus, time that would have been spent building and executing a longer-term 

plan instead needed to be invested in immediate emergency actions. As management actions are 

prioritized into the future, this underscores the fact that determining the priority of different 

management actions is the product not only of those actions’ ease and importance (how much the 

A NEXT STEP: TEST EXISTING ANALYSIS TOOLS. The Coral Research and Development Accelerator 

Platform has funded a project starting in 2025 to test at least one of these existing analysis tools, 

PMx, for its potential usefulness in population management analysis of A. palmata data. 
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action will create advances toward ultimate goals), but also the actions’ urgency (how limited the 

window is in which to take the potential action; GAME et al. 2013). Achieving a good balance between 

ease, importance, and urgency will need continual evaluation as management actions are prioritized 

into the future. 

Along with the above timely constraint, ongoing and new opportunities are emerging that will affect A. 

palmata management going forward. Current research projects are actively providing new knowledge, 

and although they may not have results yet, it is useful for F3P participants to be aware that these may 

be forthcoming soon. Research projects are tracked by ARIT in their Project Implementation Table 

(NOAA Fisheries 2024), and those under Actions 5, 6, and 8 are the most relevant to A. palmata 

population management (ARIT 2024).  

In addition to these projects, other projects have been developed and will be initiated. One is a National 

Park Service collaboration, and addresses the following research question in Biscayne NP (BISC): Is there 

a difference in phenotype (calcification, growth morphology, and survival) between sexually derived and 

“legacy” (local wild) ramets? The experiment uses three sites, n = 15 wild + unique genets and n = 15 

unique sexually derived genets (outplanted to BISC by Mote Marine Lab). N = 5 of each population at 

each of three sites. 

A second U.S. Geological Survey / National Park Service collaboration addresses the following research 

question in Dry Tortugas NP (DRTO): Are the elevated rates of coral survival and calcification observed in 

Kuffner et al. 2020 specific to the northeast area of the park? The experiment uses two sites, Pulaski 

West and Garden Key, to test if coral growth rates are just as high at Garden Key. Seven genets are 

included in the study, including two legacy, wild genets (the only ones presently known to exist in DRTO) 

and five that were translocated to DRTO in May 2018. 

Finally, Coral Restoration Foundation in partnership with Revive and Restore have recently convened an 

interdisciplinary workshop to better understand the barriers limiting natural recruitment of Acropora 

larva in the Caribbean. The workshop brought together experts with intimate knowledge of the 

recruitment problem along with specialists in outside technological fields, including advanced forensics, 

engineered biology, and molecular embryology. The workshop gathered existing knowledge of the 

problem, the past attempts at solutions, and scopes approaches to isolating the problem and at the 

same time, moving towards a solution (CRF 2024). A series of proposals for research efforts are currently 

being developed that would be funded through the proposed program to move directly toward the goal 

of restoring sexual reproduction and recruitment on Florida reefs. 
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11. Current management strategies: Plan 0.0 
 

Given the status of all of the above elements of F3P, it is relevant to review what existing strategies are 

actually being employed to conduct current management. This is important partly because F3P is not a 

“new” program in the traditional sense: although the name is new and many organizational processes 

and structures remain to be defined, practitioners have been collecting, cryopreserving, banking 

propagating, and outplanting A. palmata in the Florida Reef Tract, at a large scale, for years.  

Reviewing current strategies is also important because resources are few, and future collaboration will 

continue to rest largely on preserving voluntary, trusting relationships. As such, any future strategies will 

likely represent incremental improvements upon existing ones, co-developed with practitioners, able to 

move only “at the speed of trust” (Covey 2008). Ultimately, given the urgent need for interventions to 

save corals, it is important to strike a balance between planning and actually executing activities, 

resisting the temptation to “halt everything” while developing a perfect plan, and thereby letting perfect 

be the enemy of the good.  

Thus, this final section documents the current status of management strategies. These management 

strategies consist of both the scientific approaches for both demographic and genetic management, as 

well as the management processes (i.e., organization of people) used to execute them. 

Considering management processes first, for both demographic and genetic management, team 

structures and interactions share a number of common features. These include a strongly seasonal 

management cycle, with a heavy reliance on few, highly experienced staff, and many more or less 

experienced volunteers, interns, or short-term employees. Within-facility management plans may not 

be written, and if they are, are short-term, shared only within organizations, and are maintained in 

informal internal documents. Plans may be executed by a single expert based on grant deliverables and 

key demographic indicators of progress, which are mostly known only to lead managers (“Will I have X 

colonies of Y size available by DATE for outplanting?”). Communications about plan implementation can 

be through informal channels, and are highly flexible to accommodate changing conditions, staff 

availability, and other logistical factors. Because of this structure, and because F3P has no staff 

dedicated full time to cross-institutional support or management, to date it has been possible to 

formulate and share cross-institutional management recommendations about once a year. 

Turning to demographic management of population segments in human care, this is presently 

conducted mostly at an individual organization level rather than collaboratively across F3P. Within 

facilities, management appears to be conducted largely “implicitly” by expert staff, rather than explicitly 

using repeatable analytical techniques. Organizations have been quite effective at demographic 

management of large quantities of coral, regularly setting and meeting ambitious production targets for 

outplanted populations in the past, although actively reviewing and in some cases revising practices in 

the wake of the catastrophic 2023 marine heatwave. Practitioners have been able to conduct the 
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activities of reproduction/growth/transfer of demographic units between different population segments 

in order to meet goals, mostly even in the face of unexpected events. Protocols for caring for each life 

stage are effective and well-developed, and although they may vary across facilities, are becoming 

increasingly standardized. The primary concern expressed by managers with respect to demographic 

management is how to adapt strategies from their current focus (meeting method-based goals, 

enforced by short-term grant cycles -- e.g. “outplant X,000 fragments in Y area by Z date”), to a future 

focus on the ecosystem result-based goals (e.g., “achieve a stable X% coral cover in Y area by Z date.”) 

In contrast to demographic management, current genetic management strategies of population 

segments in human care are more limited. There is a widespread sense that genetic factors are 

important, but an absence of established genetic goals, along with a lack of standard processes for 

meeting genetic goals that might be set. Recent analyses suggest that data, management and tracking 

systems are not yet in place to deploy the genets remaining in nursery populations for maximum 

effectiveness, and by extension, to incorporate future genetic diversity brought into F3P by assisted 

gene flow or for genetic rescue. 

Nonetheless, several budding genetic management strategies are developing in different population 

segments. These include the fact that, in both land-based and ocean population segments, organizations 

aim to cultivate more than one genet, and clearly understand that having variety is important (Baums 

2008). Some facilities are also interested in variety for their perceived performance differences (e.g., 

having genets that may grow and reproduce better in certain conditions), while others are may be more 

focused on genetic variation for its own sake.  

Furthermore, organizations now generally track the genets in their care, and have conducted “genetic 

swaps” to increase within-organization genetic diversity and across-organization genetic replication, 

ensuring for example that all known Florida founder genets are held in each of two different living gene 

bank collections. Although facilities do not have failsafe systems to ensure genetic information (or 

individual identity) travels with demographic units through time, many do have protocols about what to 

do with corals that have become separated from their associated metadata. Ample evidence exists that 

genetic information is not always reliably tracked in nursery populations (e.g., Williams et al. 2024), but 

methods are being developed to improve genetic tracking with low-cost techniques (Blanco-Pimentel et 

al. 2024). Organizations appreciate now that not just genetic uniqueness but also relatedness among 

genets is a relevant management factor.  

However, organizations have yet to fully integrate genetic information into management practices, as 

practices themselves are in considerable flux following the marine heatwave of 2023. This holds not only 

for nursery population segments in human care, but also for demographic and genetic management of 

outplanted population segments, which in the past have been managed with different techniques than 

nursery segments.  One strategy in use in some areas that may hold promise for the future is the 

establishment of "spawning hubs” (Williams et al. 2023), or the establishment of multiple genets in close 

proximity in wild reef locations that have survived past bleaching events, such as Elbow reef. 

For current management recommendations on how adjusting current population management practices 

may more effectively meet population goals, please see the most current version of: Rodriguez-Clark, K. 

M., J. Moore, I. B. Baums, G. M. Ferrie, M. Hagedorn, M. W. Miller and K. Willis (2024). Population 

management of Elkhorn Coral (Acropora palmata) for F3P: Part II, Management Recommendations and 

Guidelines for Mar 2024 - Sep 2025. St Petersburg, FL: 37. 
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12. Appendices  
 

Appendix 1: Glossary 
 

The following are definitions of key terms used in population management. They include taxon units, 

spatial units, genetic terms, demographic terms, record-keeping terms, and more. Some are adapted 

from definitions developed by the Association of Zoos and Aquariums (AZA), others come from the coral 

literature, and others are particular to the Florida Palmata Population Program, F3P. 

 

Demographic Terms 

Adult – A coral colony that is capable of sexual reproduction. Estimated by some as approximately 2,000 cm2 in A. palmata, but 

a universal definition has not been agreed on. 

Ex situ – a Latin phrase for “out of position” with different meanings in different contexts. In coral restoration, it describes 

populations of coral fragments under human management in facilities on land with the specific role of a long-term gene bank or 

propagation (as in “ex situ conservation” as described by National Marine Fisheries Service 2015). In other contexts, it may refer 

to any populations that are under intensive human management, regardless of their physical location or conservation role (as in, 

“ex situ population” to describe any population in human care). 

Colony – A single coral of any size, formed either by fragmentation or sexual reproduction. See also, “Ramet.” 

Fragment – In A. palmata, a universal definition has not yet been agreed on for this term. For some, a fragment is a coral ramet 

formed by breaking or cutting a portion off of a larger colony, estimated by some as approximately 2-100 cm2. Referred to by 

some as a “yearling” in a nursery setting because in some nursery conditions it can take a year to reach this size. Also, used as a 

verb to describe the process of splitting a larger ramet into two or more smaller ones. 

In situ – a Latin phrase for “in position” with different meanings in different contexts. In coral restoration, it describes populations 

of coral under human management in locations that are close to natural reefs (as in, “in situ nursery”). In other contexts, it may 

refer to populations that are wild in their natural habitat, and not subject to intensive human management (as in, “in situ 

conservation” to describe work with wild populations).  

Juvenile – In A. palmata, a universal definition has not yet been agreed on for this term. In demographic usage, juvenile indicates 

a colony, estimated by some as approximately 100 - 900 cm2 in A. palmata, that is not yet capable of sexual or asexual 

reproduction, but is larger than a “fragment.” In day-to-day management of corals in human care, juvenile refers to a colony of 

sexual origin that is not yet sexually mature, with no commonly agreed size.  

Larva – The free-swimming early life stage of coral that results from the union of gametes, developing in the plankton for ~6-8 

days in A. palmata. 

Microfragment – A coral ramet formed by cutting a small piece out of a larger colony, for some defined as a colony that is 0.5 - 2 

cm2 in its largest dimension, though a universal definition has not yet been agreed on. 

Minimum Generation Time (T) – The minimum time elapsing from reproduction in one generation to reproduction in the next 

generation. This may be different for different modes of reproduction, for example sexual reproduction vs asexual fragmentation. 

Population – A set of organisms of the same species, living and potentially or actually interacting in the same defined set of 

circumstances, such as location, time, age classes, or other defining characteristics. 

Population management – The process of making and acting on informed decisions about the location, arrangement and 

reproduction of a set of organisms in a population, to influence demographic and genetic features of that population, to achieve 

defined goals in that population. 
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Population segment – A management set of A. palmata corals that share a set of geographic, demographic, and/or genetic 

characteristics salient for management. One population segment of F3P A. palmata might be all those held in ocean-based 

nurseries in Florida, for example. 

Ramet – A discrete, spatially continuous coral piece of any size that is physically disjunct from other coral pieces, and that 

consists of a single genet (even if subsequent somatic mutation has given it more than one genotype). A single fragment or a 

single microfragment are examples of ramets in different size classes. Ramets may be experimentally generated nubbins, 

naturally occurring fragments, or attached colonies (Grottoli et al. 2021). See also, “Colony.” 

Sexual recruit – A genet formed from the union of gametes. Because the success of natural coral reproduction is presently so low 

in A. palmata, such recruits are often the result of human assistive manipulation. “Assisted sexual recruit” may be used to refer 

specifically to recruits resulting from this manipulation. 

Size class – A category of three-dimensional magnitude and developmental stage that characterize coral animals. In demographic 

usage for A. palmata, size classes may include: gametes, larvae, sexual recruits, fragments, juveniles, subadults, and adults (after 

Vardi et al 2012; however, in management usage these terms may not indicate size class information). Microfragments are a 

human-created size class that is only relevant to dynamics in some population segments in human care. 

Size distribution – A visual representation of the numbers or percentages of ramets in various size classes in a population. 

Subadult - In A. palmata, a universal definition has not yet been agreed on for this term. For some, a coral colony that is capable 

of natural asexual reproduction, but not sexual reproduction, estimated by some as approximately 900 – 2,000 cm2. 

Target Population Size (TPS) – The desired number of ramets to be held by a specific, stated date. This number may be 

determined considering program roles and goals (genetic, demographic, and others), logistical constraints, spatial competition 

with other species, size classes, and other population-specific concerns.  

 

Genetic Terms 

Alleles – Alternate forms of DNA at a particular, homologous position in a genome (genetic locus).  

Allelic richness - The number of alleles at a locus, representing one form of genetic diversity.  

Deleterious recessive – An allele which confers a deleterious phenotype only when homozygous (present in two copies at the 

same locus in a diploid organism). When heterozygous, the effect of the allele is masked by the other “dominant” allele.  

Diploid – having a genome consisting of two copies of the same set of genes, although the copies at each genetic locus may be 

the same variant, or different ones. 

Founder – A genet obtained from a source population (often the wild) that has no known relationship to any genet in the derived 

population (except for its own descendants). Typically, an organism is not counted as a founder until it has reproduced within the 

new population, and until that point it is referred to as a “potential founder;” however, in asexually-reproducing A. palmata the 

distinction is blurred somewhat. 

Founder Genome Equivalents (FGE) – The number of founders that represent the same amount of gene diversity as does the 

population under study. The gene diversity of a population is 1 - 1 / (2 * FGE). 

Founder Representation – The proportion of the alleles in the living, descendant population that are derived from that founder. 

Gene – A stretch of DNA, usually within the genome of an organism, that codes for a specific protein, or regulates other genes.  

Gene Diversity (GD) – The probability that two alleles randomly sampled from the same genetic locus across a population are 

not identical by descent. Gene diversity is calculated relative to a population’s founders, which in the absence of molecular 

genetic data to the contrary, are assumed to be not closely related and not inbred.GD is the proportional diversity of those 

founders retained by the current, descendant population.  

Genet – A unique coral animal formed as the result of the union of two coral gametes, as diagnosed by direct observation of the 

reproductive event and/or by the multi-locus genotype as estimated using an array of 30,000 Single-Nucleotide Polymorphisms 
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(SNPs). In A. palmata, genets are currently determined with the STAGdb SNP chip (Kitchen et al. 2020). Ramets of the same genet 

are generally presumed to be genetically identical throughout their genome, although somatic mutations may occur. All colonies 

and tissue that can trace their ancestry back to the same fertilization event belong to the same genet (Grottoli et al. 2021).  

Genetic Diversity – a collective term for any kind of genetic variation (allelic richness, genet richness, gene diversity, genotypic 

diversity, etc.). 

Genome – All of the genetic material found in a particular class of organelles within an organism. Organisms may have a nuclear 

genome, stored in the nucleus of the organism’s cells, and may also have a mitochondrial genome, or a chloroplast genome, as 

relevant. 

Genotypic Diversity – The proportion of unique genotypes per number of colonies sampled, typically in wild or outplanted 

populations. In robust populations of A. palmata in the eastern Caribbean, this proportion is around 0.5, indicating that about 

half of coral biomass consists of unique genets resulting from sexual reproduction, while the other half consists of ramets resulting 

from asexual reproduction (Baums et al. 2006a).  

Genotype: is the genetic makeup of a sample for a given (set of) genetic marker(s). When enough markers are assayed, a sample 

can be assigned to a genet based on its genotype (Grottoli et al. 2021).  

Inbreeding Coefficient (F) – The probability that the two alleles present at a randomly-selected locus in a genet are identical by 

descent. That is, the probability that both alleles originated from an ancestor common to both the genet’s parents. 

Kinship – The average probability across the genome that a pair of randomly sampled homologous alleles are identical by descent. 

When an individual is not inbred, its kinship with itself is ½, because once one allele at a locus is selected, the probability of 

drawing the same allele again is 1 in 2, and this is the same at every locs in the genome. First order-relatives (parent-offspring, 

siblings) have a kinship of 0.25. If an individual is inbred (f), its kinship to itself is (1+f)/2. 

Locus – A specific, fixed place in on a chromosome where a gene or marker is located (plural: “loci”). 

Mean Kinship (MK) – The mean (or average) kinship coefficient between a ramet of a particular genet and all ramets of all genets 

(including itself) in the living population in question. A ramet’s mean kinship is a measure of how well its alleles are represented 

within a population. Ramets with low mean kinships have few relatives, are from under-represented founder lineages, and have 

transmitted few of their alleles to the next generation. A population’s mean kinship is the same as its inbreeding would be in the 

next generation, if mating is random. 

Over-represented – A founder is over-represented when, in a population of N individuals with F living founders, the over-

represented founder genome comprises more than N/F of the population. 

Relatedness – When inbreeding is absent, the coefficient of relationship in diploid organisms is twice the kinship coefficient. 

Thus, the coefficient of relationship between an individual and itself is 1, and between first-order relatives is 0.5. 

Under-represented - A founder is under-represented when, in a population of N individuals with F living founders, the under-

represented founder genome comprises less than N/F of the population. 

Spatial/ecological terms 

Fore reef – The most seaward portion of a reef. Also sometimes referred to as the reef face. 

In human care – A broad category of corals, encompassing all those under some degree of human management, whether land- 

or ocean-based, in a tank or a nursery or on a reef. (See “wild” and “outplanted” for alternative categories) 

Outplanted – A broad category of corals, formerly under intensive human management, that have been placed on natural 

substrates in reef habitats, with only occasional subsequent monitoring (See “wild” and “in human care” for alternative 

categories). 

Plot – An area within a site, on a reef, specifically delimited for a particular purpose (e.g., sampling or outplanting). 

Reef – A large (meters to kilometers-scale) spatial unit describing A. palmata habitat in the wild.  

Spur – an antecedent reef structure in fore-reef habitats, generally interspersed with sand ‘grooves.’ 
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Site – an informal term referring to an area on a reef that is accessible on one dive. Each reef may have several ‘sites.’ 

Stand – A collection of A. palmata colonies growing alongside each other in the wild. 

Thicket – A collection of A. palmata colonies of a high enough density that delineating single colony boundaries is problematic. 

In A. palmata, thickets often result from extensive fragmentation, and hence may have relatively low genet richness per area. 

Wild – A descriptor of one category of corals, in their natural habitats with no deliberate human management. (See “in human 

care” and “outplanted” for alternative categories) 

Organizational terms, and acronyms and mnemonics 

Organization - any institutional or coral-producing entity that is able to ultimately have a single person serve as an F3P contact 

about its coral-production decisions.  

Collection – any grouping of coral organisms with similar characteristics that is managed by a single organization. For example, 

Mote International Gene Bank has a collection of frozen A. palmata gametes, and a different collection of live A. palmata founders 

in raceways. 

Nursery – Any location, either in situ or ex situ, where corals are in human care for the purposes of propagation. 

AZA-SAFE: Association of Zoos and Aquariums Saving Animals From Extinction program 

CRF: Coral Restoration Foundation 

CRC: Coral Restoration Consortium 

F3P: Florida Palmata Population Program 

FLAQ CFC: Florida Aquarium Center for Conservation  

FLOR F&W: Florida Fish and Wildlife Conservation Commission 

FKNMS: Florida Keys National Marine Sanctuary 

ICARE: Islamorada Conservation and Restoration Education 

MOTECORAL: Mote’s Elizabeth Moore International Center for Coral Reef Research & Restoration  

MICGB: Mote International Coral Gene Bank 

NMFS: NOAA National Marine Fisheries Service 

SEFSC: NOAA National Marine Fisheries Service Southeast Fisheries Science Center 

NMSF: National Marine Sanctuary Foundation 

NOAA: National Oceanographic and Atmospheric Administration 

NSU: Nova Southeastern University 

NZCBI: Smithsonian’s National Zoo and Conservation Biology Institute 

RR-USA: Reef Renewal USA 

FL Sea Base: Sea Base (Boy Scouts) 

TRI: The Reef Institute 

UM-Baker: University of Miami, Baker Lab 

UM-Lirman: University of Miami, Lirman Lab 
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Appendix 3: Additional coral conservation and restoration resources for Florida  
 

This Appendix includes additional workgroups, data, and other resources, not listed in Table 1, that 

support coral conservation and restoration activity in Florida, particularly involving coral in human care. 

Note that coral restoration practitioners, educational resources, institutions of higher learning, etc., are 

not included in this list. 

 

Acropora cervicornis Data Coordination hub (AcDC) https://www.coral.noaa.gov/AcDC/ 

A decision support tool to integrate disparate datasets of A. cervicornis with the intent of identifying 

genets and/or environmental trends to facilitate restoration (e.g., identification of phenotypic trends). 

Planned to eventually expand to A. palmata. 

 

Coral Restoration Consortium (CRC) https://www.crc.world 

A global community of practice dedicated to promoting coral restoration and its practice. CRC topical 

working groups focused in areas such as conservation genetics, cryobanking, larval propagation, etc. 

generate peer-reviewed and white-paper publications to help inform the practice of coral restoration. 

The CRC also supports information-sharing resources such as the Coral Restoration Database (an 

inventory of global coral restoration activities) and Coral Tech (a list of emerging technologies applicable 

to coral restoration).  

 

Coral Sample Registry https://www.crfcoralregistry.com 

Online database that tracks founder genets used in restoration activities and provides each entry (a 

representative founder sample) a unique identifier that allows cross-referencing between other 

databases. 

 

Florida Coral Rescue & Propagation Program 

https://myfwc.com/research/habitat/coral/disease/rescue/  

Led by FWC and NOAA Fisheries, aims to gene bank or “rescue” corals to support FL restoration. 

Collected healthy corals ahead of disease boundary and survivor corals. Holds corals in 22 land-based 

facilities. The focus of this program includes coral species susceptible to Stony Coral Tissue Loss Disease, 

hence not A.palmata. 

 

Florida Reef Tract Rescue Project (FRTRP)  https://www.aza.org/coral-reef-rescue  

Part of the larger FL Coral Rescue and Propagation Program, this project aims to support all coral species 

affected by stony coral tissue loss disease, and is composed of facilities in the Association of Zoos and 

Aquariums (AZA) focused on rescue, housing, and propagation. 

 

STAGdb  https://coralsnp.science.psu.edu/galaxy/ 

A genotyping array and analysis pipeline for Acropora corals and their dinoflagellate symbionts, 

providing a standardized means for genotyping samples and subsequent sequence analysis. 

 

https://www.coral.noaa.gov/AcDC/
https://www.crc.world/
https://www.crfcoralregistry.com/
https://myfwc.com/research/habitat/coral/disease/rescue/
https://www.aza.org/coral-reef-rescue
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Appendix 4: Priority research questions  
 

The following are some example questions relevant to the development and execution of a plan to 

restore A. palmata to the Florida Reef Tract. These come from the Recovery Plan for A. palmata 

(National Marine Fisheries Service 2015), from discussions with F3P participants in 2022, and from the 

above priority actions that require additional information for their execution. Questions are organized 

broadly by stakeholder group – which set of participants will be most impacted by the answers – and 

within that, by priority according to expert judgment of project participants. Questions that are 

important, urgent, and easy to answer getting top priority, and those that are less important, not 

urgent, and difficult to answer getting the lowest. 

 

Practitioners: 

1. How should resources (space, time, personnel, etc.) be allocated between the two forms of 

reproduction in this species —asexual fragmentation and sexual reproduction— to achieve 

NMFS goals for genotypic diversity in outplanted populations?? 

2. What is the optimal outplant size and strategy (i.e., singles, clusters) for best return on 

investment? 

3. What are the current non-financial limiting factors to increasing outplant volume? What are 

current production levels and how can these be increased most efficiently? 

4. What are the genetic and demographic characteristics we are aiming for in a “successfully 

restored” A. palmata population, and what spatial and temporal arrangements of outplants are 

needed to get us there?  

5. What interventions should be trialed or applied to increase chances of a) in situ sexual 

recruitment and b) survival of recent recruits, as both are critical for "successfully restored" and 

self-sustaining populations? 

6. What factors affect the size of a “reproductive neighborhood” for A. palmata on Florida reefs? 

What are the average values of these factors for coral colonies that could successfully produce 

embryos during a spawning event? Beyond what values would two colonies be considered to be 

reproductively inaccessible to each other? 

7. What is the basis for gametic incompatibility between certain genets? 

8. What interventions are advantageous to integrate within restoration planning to ensure better 

long-term survival (i.e., selective breeding for resistance traits, microbiome manipulations, 

targeting algal symbionts, heat priming, etc)? 

Authorities: 

1. Given that prior research suggests that inbreeding presents a much greater risk than 

outbreeding in this species, and risks to long-term survival from past genetic losses are high, 

A NEXT STEP: GATHER PRIORITY RESEARCH QUESTIONS This appendix contains draft information 

from 2022 about some priority questions raised at the time; these have likely shifted in priority, and 

new questions may have arisen. Regularly updating priority research questions and sharing answers 

as they are obtained will support F3P in reaching its goals. 
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what factors should be considered when evaluating alternatives for increasing local diversity? 

How does their relative importance compare? 

Researchers 

1. What are the barriers to providing greater clarity in the permitting process, and how can these 

be overcome? 

2. How can researchers and practitioners support each other simultaneously, i.e. conduct 

outplanting in a manner that is conducive to answering key research questions such as what is 

the ideal mixture of genets, ideal outplant spacing, etc? 

Coordinator & advisors 

1. What organizational structure, governance, and staffing is needed to support this stage of F3P’s 

development? 
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Appendix 7: Sample record keeping methods and tools 
 

 

The Coral Restoration Consortium Coral Restoration Database collects information annually from all F3P participants on all corals in their 

collections, including A. palmata. 

a. Directions  
 

Nursery Spreadsheet Use the Nursery spreadsheet to enter information for your coral nursery. If you have more than one nursery, please submit 
a separate file for each nursery. Information only needs to be submitted to the database once unless the size of your 
nursery or the type of structures you use changes. If you need to make these changes, please submit a new file and let us 
know it is an update to an existing nursery in the database. If you do not have the requested information, leave the answer 
blank. 

Key Description 

Name Enter the name of your nursery 

Type Choose from the drop-down list. Choose in water if your nursery is offshore or land-based if your nursery is on land. 

Organization Enter the name of the organization responsible for operating and maintaining the nursery. Please spell out the name rather 
than using an acronym. 

Country Enter the name of the country in which your nursery resides. 

A NEXT STEP: SHARE RECORD-KEEPING METHODS AND TOOLS Encourage participating institutions to share their methods and tools regularly 

and openly with other F3P participants so that they may learn from each other and develop standardized methods where possible, which will 

facilitate cooperative management. 
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Latitude Enter the latitude of your nursery in decimal degrees. You can use an approximate center point. If you need help converting 
minutes and/or seconds to decimal degrees, you can use this or a similar website: http://www.earthpoint.us/Convert.aspx 

Longitude Enter the longitude of your nursery in decimal degrees. You can use an approximate center point. If you need help 
converting minutes and/or seconds to decimal degrees, you can use this or a similar website: 
http://www.earthpoint.us/Convert.aspx 

Region Enter any regional information. This might include a specific island, state, territory, etc. 

Subregion Enter any subregional information. This might include a specific coast, county, town, city, etc. 

Reef If applicable, enter the name of the reef. 

Marine Protected Area Choose yes from the drop-down list if the site is within a marine protected area or no if it is not. 

First Name Enter a contact first name for the nursery.  

Last Name Enter a contact last name for the nursery.  

Email Enter the contact email address for the nursery. 

Stucture Type From the drop-down list, choose the type of structures used for coral propagation in the nursery. If the nursery uses more 
than one type of structure, enter up to four structure types from the list. If you use a structure type that is not listed, 
choose "other" and describe the structure in the box beside "other."  

Established Date Enter the date the nursery was established in the format mm/dd/yyyy. If you do not know the exact date, please 
approximate. 
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Maximum Nursery Area (m2) Enter the maximum size of your nursery in square meters. The area can be determined by using the approximate corners of 
the area that encompass all of your nursery structures. See the Coral Restoration Consortium Best Management Practices 
for Field-Based Propagation for more details. 

Maximum Structure 
Footprint (m2) 

Enter the amount of seafloor or ground occupied by structures in square meters. This number will likely be smaller than the 
maximum size of the nursery since there will be space between structures. See the Coral Restoration Consortium Best 
Management Practices for Field-Based Propagation for more details. 

Depth Choose the depth of the nursery in meters from the drop-down list. If you use floating structures, use the average depth of 
your structures. If the nursery is on land, enter the depth of the water tanks. 

Substrate Choose from the drop-down list the type of substrate your nursery is on. If there is more than one substrate type, choose 
the predominant type. 

Monitoring Frequency Choose from the drop-down list the frequency at which the nursery is assessed. If the frequency is not listed, choose the 
closest option. 

  

Genotypes Spreadsheet Use the Genotypes spreadsheet to enter the information on the assumed genotypes your organization has collected. An 
assumed genotype is a coral that is assumed to have a unique genetic identity based on collection location distance from 
other colonies or on genetic analysis. Updates as more genotypes are aquired from the wild can be submitted using this 
spreadsheet and should be submitted at least annually.  

Key Description 

Genus Spell out the genus name of the coral species collected from the wild. 

Species Spell out the species name of the coral species collected from the wild. 
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Assumed Genotype Enter the name/ID used in the nursery to identify the assumed genotype. Enter one assumed genotype per row. An 
assumed genotype is a coral that is assumed to have a unique genetic identity based on collection location distance from 
other colonies or on genetic analysis. 

Genetic Analysis Choose yes if genetic analysis (microsatellites, SNP, etc.) has been conducted on the assumed genotype. 

Collection Date Enter the date the assumed genotype was collected from the wild in the format mm/dd/yyyy. If the exact date is not 
known, please approximate. 

Latitude Enter the latitude of the location in decimal degrees where the assumed genotype was collected from the wild. If you need 
help converting minutes and/or seconds to decimal degrees, you can use this or a similar website: 
http://www.earthpoint.us/Convert.aspx 

Longitude Enter the longitude of the location in decimal degrees where the assumed genotype was collected from the wild. If you 
need help converting minutes and/or seconds to decimal degrees, you can use this or a similar website: 
http://www.earthpoint.us/Convert.aspx 

Accession Number This number allows cross communication of information contained in various coral databases that use the accession 
number assigned by the Coral Sample Registry. See Moura et al. 2021 
(https://www.frontiersin.org/articles/10.3389/fmars.2021.700172/full) for a description of the Coral Sample Registry. 
Access the registry and obtain accession numbers for your samples at https://crfcoralregistry.com/ 

Organization Enter the name of the organization that collected the assumed genotype in the wild. Please spell out the organization name 
rather than using acronyms. 

  

Nursery Census Spreadsheets Use the Census spreadsheet for an initial inventory of what is in the nursery and update at least annually.  

Key Description 

Nursery Name Enter the name of the nursery being censused. Please make sure you enter the name in the same way as it was originally 
entered in the database. 
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Census Date Enter the date of the census in the format mm/dd/yyyy. 

Contact First Name Enter the first name of a contact person for the census. 

Contact last Name Enter the last name of a contact person for the census. 

Contact email Enter the email of the contact for the census. 

Nursery Status Choose the status of the nursery from the drop down list. Choose active if corals are being propagated or outplanted or if 
the nursery is being maintained. Choose inactive if the nursery has been removed or is not being maintained. 

Reason If the nursery status is inactive, choose a reason from the drop-down list.  

Genus Spell out the genus name of the coral colonies in the nursery. Enter one per row. 

Species Spell out the species name of the coral colonies in the nursery. Enter one species per row. 

Assumed Genotype Enter the name/ID used to identify the assumed genotype of the coral colonies in the nursery. Enter one assumed genotype 
per row. An assumed genotype is a coral that is assumed to have a unique genetic identity based on collection location 
distance from other colonies or on genetic analysis. 

Census Count Enter the number of colonies of the specific species and assumed genotype in the nursery at the time of the census. 
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Outplant Spreadsheet Use the Outplant Site spreadsheet to enter information about an outplant/ restoration site. If you have more than one 
outplant/restoration site, please submit a separate Excel file for each site. Information about a site only needs to be submitted 
to the database once, and multiple outplanting events to the same site are reported in the Event spreadsheets. A site is 
generally defined as an area that is swimmable. For instance, you may have multiple sites on the same reef that you would have 
to travel between by boat because they are too far apart to swim from one to the next to work efficiently. If you do not have 
the requested information, leave the answer blank. 

Key Description 

Name Enter the unique name you use to identify the site. A site is generally defined as an area that is swimmable. For instance, you 
may have multiple sites on the same reef that you would have to travel between by boat because they are too far apart to swim 
from one to the next to work efficiently. 

Country Enter the country the site is located in. 

Latitude (Decimal 
Degrees) 

Enter the latitude of the site in decimal degrees. You can use an approximate center point. If you need help converting minutes 
and/or seconds to decimal degrees, you can use this or a similar website: http://www.earthpoint.us/Convert.aspx 

Longitude (Decimal 
Degrees) 

Enter the longitude of the site in decimal degrees. You can use an approximate center point. If you need help converting 
minutes and/or seconds to decimal degrees, you can use this or a similar website: http://www.earthpoint.us/Convert.aspx 

Region Enter any regional information. This might include a specific island, state, territory, etc. 

Subregion Enter any subregional information. This might include a specific coast, county, town, city, etc. 

Reef If applicable, enter the name of the reef. 
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Marine Protected Area Choose yes from the drop-down list if the site is within a marine protected area or no if it is not. 

  

Events Spreadsheet Enter outplant/ restoration information on the Events spreadsheets. Use one Event spreadsheet for each discrete event. A 
discrete event usually occurs within a single day but may span a few days if many corals are outplanted at the site. If you are 
submitting more than 5 events at the same time, please submit a separate Excel file, but you do not need to fill out the 
Outplant Site spreadsheet again if you have already filled it out once. Please submit outplant information at least annually. 

Key Description 

Site Name Enter the unique name of the outplant/ restoration site. Please make sure you enter the name in the same way as it was 
originally entered in the database on the Outplant Site Spreadsheet. 

Event Date Enter the date the outplanting occurred in the format mm/dd/yyyy. If an outplant event spanned more than one day, enter the 
date of completion. 

Depth Choose the depth where most corals were outplanted from the drop-down list. 

Reef Zone From the drop-down list, choose the reef zone where outplanting occurred. If you do not know the reef zone, choose 
undetermined. 

Outplant Plot Area Enter the approximate area of reef on which corals were outplanted. Enter this area in square meters. If outplanting occurred in 
more than one discrete area, sum them all together for a total area. See the Coral Restoration Consortium Coral Reef 
Restoration Monitoring Guide for more information. 

Pre-Monitoring From the drop-down list, choose yes if the site was monitored before the outplant event, or choose no if it was not. 
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Post-Monitoring From the drop-down list, choose yes if the site was or is planned to be monitored after the outplant event, or choose no if it is 
not. 

Primary From the drop-down list, choose the primary reason corals were outplanted to the site during this event. 

Secondary From the drop-down list, choose the secondary reason corals were outplanted to the site during this event. 

First Name Enter the first name of a contact person for this outplant event. 

Last Name Enter the last name of a contact person for this outplant event. 

Email Enter the email address of a contact person for this outplant event. 

Organization Enter the name of the organization of the contact person for this outplant event. Please spell out the organization name rather 
than using acronyms. 

Genus Spell out the genus name of the coral colonies outplanted. Enter one per row. 

Species Spell out the species name of the coral colonies outplanted. Enter one species per row. 

Assumed Genotype Enter the name/ID used to identify the assumed genotype of the coral colonies outplanted. Enter one assumed genotype per 
row. An assumed genotype is a coral that is assumed to have a unique genetic identity based on collection location distance 
from other colonies or on genetic analysis. For sexually propagated outplants, you can enter all colonies on one row if no 
genetic analysis has been done or there is not a unique identifier used to track colonies. 

Colonies Enter the number of colonies of the specific species and assumed genotype outplanted during this event. 
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Average Size From the drop-down list, choose the average size of colonies of the specific species and genotype ouptlanted during this event. 
If multipe sizes were outplanted, enter one size per row. Size is determined by the largest diameter of the colony. If you use size 
classes that are diffferent than those listed here, enter your data for the size class from the drop down list that corresponds to 
the midpoint of your size class. For example, if your size class is 25-50 cm (midpoint is 37), enter your data for the 31-40 cm size 
class. 

Outplanted on From the drop-down list, choose natural hardbottom or artificial structure to indicate what material corals were outplanted on. 

Source From the drop-down list, choose where the colonies outplanted during this event came from. If the outplants came from a 
nursery or lab, choose one of the "nursery" options. If the outplants came directly from the wild without being propagated in a 
nursery before outplanting, choose one of the "wild" options. 

Event Partners If applicable, enter up to four organizations that were partners for this outplant event. Please spell out the organization name 
rather than using acronyms. 

 

b. Nursery data collection sheet 
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c. Census data collection sheet 

 

d. Genotype data collection sheet 
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e. Outplant site data collection sheet 

 

f. Outplant event data collection sheet 
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