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Participatory decision support is a promising approach for planning for and 

responding to risk and uncertainty when managing dynamic socio-ecological systems. 

The process integrates interdisciplinary knowledge transparently through stakeholder 

consultation to help bridge the gap between science and management. Coral reef 

ecosystems, especially when located adjacent to an urban landscape, present an 

opportunity to determine the value and utility of participatory decision support for 

building an understanding of the coupled socio-ecological system for informed decision 

making. Three phases of research were used to explore participatory decision support 

for coral reef management in southeast Florida, USA: needs assessment of stakeholder 

preferences, the integrated ecosystem assessment process framework to transfer 

information to managers, and decision support tool development and evaluation using 

Bayesian belief networks.  Each phase built upon the previous, emphasizing 

stakeholder collaboration to improve the understanding the South Florida coral reef 

ecosystem for informed decision making.  
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CHAPTER 1 
CORAL REEF MANAGEMENT 

Background and Problem Statement 

Managing natural resources is a complex socio-ecological problem, sometimes 

called a “wicked” problem (Batie, 2008; Brown et al., 2010; Churchman, 1967; Conklin 

and Weil,1997; Rittel and Webber, 1973). Participatory decision support is one 

approach to begin unravelling the complexities of these problems. This method 

emphasizes the importance of stakeholder collaboration through effective science 

communications and the transformation of data into information and knowledge. In 

many cases, a combination of people, processes, and tools can be used to improve the 

understanding of a complex situation to move towards informed decision making (Kiker 

et al., 2005). This dissertation is an exploration of participatory decision support 

integrating people, processes, and tools to improve the understanding of impacts to 

coral reef ecosystems for informed decision making.  

It is helpful to understand that the research project was closely tied to the 

University of Florida/Florida Sea Grant College Program extension efforts to link the 

National Oceanic and Atmospheric Administration (NOAA) research to the broader 

community of stakeholders in South Florida. The role of the Sea Grant Regional 

Extension Coordinator located at NOAA’s Atlantic Oceanographic and Meteorological 

Laboratory (AOML) in Miami, Florida is to liaise among resource managers, decision 

makers, researchers, educators, and stakeholders to improve the exchange of 

information for informed decision making. Interactions with these user groups formed 

the motivation for much of this research and the coordination of and participation in 60 

meetings, workshops, focus group sessions, and interpersonal communications from 

2009-2014. Participation as the “honest broker" in these interactions formed the 
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foundation of the participatory decision support research with over 213 individuals 

contributing to the output of this dissertation. It is also important to mention that funding 

for the trans-disciplinary research carried out by the Regional Sea Grant Extension 

Coordinator was sought and secured from several NOAA offices including National Sea 

Grant College Program (NSG), Atlantic Oceanographic and Meteorological Laboratory 

(AOML), Coral Reef Conservation Program (CRCP), and National Centers for Coastal 

Ocean Science (NCCOS). The funding opportunities were pursued with the explicit 

intention of addressing components of the National Ocean Policy through the Regional 

Sea Grant Extension Coordinator. All activities sought to improve the understanding of 

the marine ecosystem for informed decision making within the objectives of the 

University of Florida/Florida Sea Grant College Program liaison position. 

Why Corals, Climate, and Water Quality? 

Coral reef ecosystems worldwide are in decline, largely due to changes in water 

quality (e.g., temperature, nutrients, sea water chemistry) (Bellwood et al., 2004; 

Carpenter et al., 2008; Donahue et al., 2008; Gardner et al., 2005; Keller et al., 2009; 

Lirman et al., 2014; Nuttle and Fletcher, 2013a,c; Wagner et al., 2010; Wilkinson, 2000). 

This is significant because of the importance of coral reefs in supporting ecosystem 

services upon which humans depend. These services include but are not limited to 

habitat for reef-dependent fish that often end up on dinner tables, tourism opportunities 

that are a major economic driver in many coastal communities, and storm protection for 

coastal areas. The second longest bank-barrier reef system in the world is located off of 

the southeast coast of the Florida peninsula and is called the Florida Reef Tract (Figure 

1-1) (Walker et al., 2008). In an effort to protect and preserve the southernmost portion 

of the reef ecosystem, NOAA in partnership with local, state, and federal offices 
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established the Florida Keys National Marine Sanctuary (FKNMS) in 1990.  In 1994, the 

Water Quality Protection Program was created, and two years later an action plan for 

the sanctuary was developed by the Environmental Protection Agency and the State of 

Florida. In 2002, a science plan and conceptual ecosystem model outlining pressures 

impacting the reef ecosystem, data gaps, and management responses to address these 

impacts were produced (FKNMS, 2002). Two pressures identified in the plan were 1) 

upland water management within the Greater Everglades Ecosystem, and 2) climate 

variability.  

From 2009-2013, another model was developed to identify impacts, data gaps, 

status and trends, and management responses for the Florida Reef Tract. Results 

illustrate upland influences and climate as the major drivers impacting the marine and 

coastal ecosystem in southeast Florida (Nuttle and Fletcher, 2013a, c). These efforts, 

along with products developed for the South Florida Ecosystem Restoration Task Force 

and the Comprehensive Everglades Restoration Plan (CERP) provide an overview of 

the ecosystem and models and monitoring data reflecting an overall decline in its 

condition (Nuttle and Fletcher, 2013a, b, c; RECOVER, 2012). it is recognized that 

management challenges persist even with the plethora of robust monitoring data and 

complex models available to managers (Walters, 2007). Challenges to the decision-

making process are further exacerbated by the need to include human dimensions 

science (e.g., social well-being, socio-economic data, etc.) and climate impacts. 

Decision support systems designed to achieve the integration of biophysical, 

institutional, and human dimensions sciences at varying time and spatial scales are 

critical to guide managers and stakeholders in deciphering appropriate responses to 

ecosystem changes and ecological events.   
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What Is Participatory Decision Support? 

Participatory decision support refers to a process of bringing people, sometimes 

called stakeholders, together to develop a solution, idea, or concept in which there will 

be some action taken in the future (Cain et al., 2003; deGroot et al., 2010; Raymond 

and Cleary, 2013; Senge, 1990; Sheppard, 2005; Slocombe, 1993a; Slocum et al., 

1995; van de Kerkhof 2001; Walker et al., 2002). Participatory decision support is a 

valuable tool for applied, ecosystem-based planning due to the robustness of the data 

and transparency of the approach that reaches across disciplines (Martin et al., 2011; 

Pimbert and Pretty, 1997; Pomeroy and Douvere, 2008; Ramirez, 1999; Raymond and 

Cleary, 2013; Szaro et al, 1998). This method has the potential to bridge the highly 

technical knowledge of scientists and the varied knowledge and values of non-scientists 

to make decisions, provide reasonable assurance to justify those decisions, or create 

policies that respect livelihoods and maintain ecological integrity (Kiker et al., 2005; 

Lynam et al., 2007). Participatory decision support is useful to bring diverse 

stakeholders together to synthesize the state of the ecosystem and apply this 

knowledge to develop and implement management priorities.  

Why Is Participatory Decision Support Important to Coral Reef Ecosystems in 
Florida? 

Participatory decision support helps identify and prioritize the competing tradeoffs 

among the varied goals and values that stakeholders have for the coastal environment 

using an open discussion format that informs decision making. The synthesis of 

knowledge is important for sustaining the benefits provided by marine ecosystems and 

their value to the regional economy for both ecosystem and human health. The resulting 

information can then be used to construct management alternatives.  
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Participatory decision support is one approach to address the state and federal 

mandates to achieve ecosystem-based management. Recent regulatory advances in 

marine resource management at the state and federal level include an ecosystem 

approach and participatory decision support. On July 19, 2010, the U.S. National Ocean 

Policy was established by Executive Order 13547, and an implementation plan was 

released on April 16, 2013 (Executive Order 1357, 2010). These actions resulted in 

guidance for the creation of a National Ocean Council comprised of 27 Federal 

agencies and an outline for pursuing policy initiatives and establishing conditions for the 

development and implementation of a National Ocean Policy. The following three 

components of the Implementation Plan directly relate to the research presented in this 

dissertation: coastal and ocean resilience, local choices, and science and information. 

These sections touch upon the need for a “comprehensive, adaptive, integrated, 

ecosystem-based, and transparent spatial planning process, based on sound science, 

for analyzing current and anticipated uses of ocean, coastal and Great Lakes areas” 

(Executive Order 13547, 2010). Furthermore, the Florida state legislature passed the 

Oceans and Coastal Resources Act in 2005 that calls for active management aimed at 

“restoring, rehabilitating, and maintaining the quality and natural function of [Florida’s] 

oceans and coastal resources.” The act calls for managers to take an ecosystem-based 

approach supported by the development of regional goals and improved monitoring and 

assessment. In this way, coral reefs are included in a larger ecosystem that includes 

near-field and far-field impacts affecting their health and management. In 2009, the 

Florida Coral Reef Protection Act was created to include the northern portion of the 

Florid Reef Tract in managing and protecting coastal resources beyond the Florida Keys 

(Figure 1-1). This action expanded the management authority of the State of Florida and 



 

18 

reinforced the concept of ecosystem-based management that encompasses a broader 

geographic range. Participatory decision support was used to synthesize knowledge 

about the marine and coastal environment in this area using an integrated ecosystem 

assessment process model.  

How Was Participatory Decision Support Used in Southeast Florida? 

Management of South Florida’s coastal environment is fraught with conflicting 

user group interests, multiple jurisdictional boundaries, and sometimes competing goals 

and management mandates. The Florida Reef Tract is one such area that poses a 

wicked environmental problem due to its regional geography and proximity to a major 

metropolitan area, impacts from upstream and upland water quality, impacts from 

climate variability and ecological events, and multiple management authorities. 

Participatory decision support was used to engage resource managers and 

decision makers in the development of the first comprehensive assessment of South 

Florida’s marine ecosystem. From 2009-2014, 213 individuals contributed to a synthesis 

of the biophysical, institutional, and human dimensions science of the marine and 

coastal ecosystem that included ecosystem services and societal needs (Nuttle and 

Fletcher, 2013a, b, c). Concurrently, another study gathered manager’s perspectives on 

the content, design, and delivery of climate information as a decision support tool to 

manage coral reefs (Fletcher et al., 2014 in preparation). Participatory decision support 

was also used to construct and evaluate ecosystem-scale and habitat-scale scenario 

models.  In all instances mentioned above, stakeholder involvement was required to 

gather data and information for managing this dynamic socio-ecological system. 

Addressing South Florida’s wicked environmental problem of managing marine 

and coastal resources comprised of multiple stakeholders, a complex human-natural 
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system, and competing interests within the highly developed urban area requires a 

complex management response (Churchman, 1967; Rittel and Webber, 1973). The 

research approach described in this document integrated stakeholder participation in 

three phases: manager needs assessment, integrated ecosystem assessment (IEA) 

process framework, and decision support tools using Bayesian belief networks (BBNs).  

Phase I: Needs assessment of climate information for use by marine resource 
and coral reef managers in southeast Florida 

Participatory decision support was used to identify researchers, managers, and 

non-governmental organizations interested in improving the understanding of coral reef 

ecosystems for informed decision making. The Coral Reef and Marine Resource 

Manager Climate Information Needs Assessment for the Florida Reef Tract was 

conducted from 2011-2014 with funding support from NOAA Coral Reef Conservation 

Program grant award C085-ID647 and NOAA/AOML in Miami, Florida (Fletcher and 

Hendee, 2012). Informational interviews, a formal needs assessment, and analysis was 

completed to outline climate data desired by reef managers and the preferred delivery 

of that information. The participants in this assessment provided continued support as 

the test-bed of end-users throughout the dissertation research. 

Phase II: Using the Integrated Ecosystem Assessment (IEA) process to transfer 
information to managers 

The South Florida IEA, also known as the Marine and Estuarine Goal Setting for 

South Florida project (MARES) was a NOAA-funded project to improve the 

understanding of South Florida’s ecosystem. From 2009-2013, 125 stakeholders 

participated in the development of a synthesis of the ecosystem using the EBM-DPSER 

framework (Kelble, et al., 2013).  Participants developed pictures of the ecosystem, 

integrated conceptual ecosystem models, and conceptual ecological models. The IEA 
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framework presented an opportunity for shared learning and an open dialogue to 

achieve consensus on the fundamental regulating processes of a healthy, sustainable 

South Florida coastal marine ecosystem (Nuttle and Fletcher, 2013a, b, c).  

Phase III: Using participatory decision support to develop tools to improve the 
understanding of coral reef ecosystems for informed decision making  

Decision support tools are developed for assisting in analyzing decisions. 

Bayesian belief networks (BBNs) are one type of decision tool based on probabilities or 

the likelihood of an event using past knowledge or information. The development of the 

models requires participation from experts and end-users. The product is a visual 

representation of the ecosystem, based on information gathered from phase I and II of 

this research. BBNs were developed by translating the cognitive maps from 

stakeholders’ minds from Phase II into interactive models to facilitate exploration of 

potential futures to stimulate healthy dialogues for planning and response strategies. 

The BBNs were designed, constructed, and reviewed to determine management 

scenarios for coral reefs.  

Research Objectives 

The goal of this dissertation was to support interdisciplinary applied research for 

an improved understanding of coral reef ecosystems for informed decision making. The 

research included people, processes, and tools. Participatory decision support was the 

cornerstone of the research necessary to engage experts and end-users in achieving 

the goal.  

The hypothesis of this dissertation research was to assess if participatory 

decision support using scenario modelling increases knowledge in the decision-making 

process. To address this hypothesis, three research objectives were designed:  
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Objective 1. Facilitate participation of resource managers. Activities included: 1) 

conducting a climate information needs assessment of coral reef and marine resource 

managers, 2) coordinating participation in a South Florida IEA, and 3) maintaining 

communications with resource managers to promote an iterative process for developing 

decision tools.  

Objective 2. Construct a BBN decision support tool. Activities included: 1) 

performing a literature review of existing BBNs used in natural resource management, 

and 2) designing, developing, and testing the network.  

Objective 3. Determine the utility of decision support tools. Activity included 1) 

assessing decision tools for improving knowledge for informed decision making. 

Organization of the Dissertation 

This Ph.D. dissertation has 5 chapters, including the present introductory chapter 

(Chapter 1). Chapter 2 outlines participatory decision support and a coral reef and 

marine resource climate information needs assessment process and findings. Chapter 3 

describes the stakeholder engagement activities used to characterize the coral reef 

ecosystem in southeast Florida and the creation of a prototype decision support tool, a 

BBN of the climate impacts to coral reef and hardbottom habitats. Chapter 4 expands 

the BBN model to an ecosystem-scale and includes an evaluation of the BBN to obtain 

stakeholder input on the utility of the models to contribute to an improved understanding 

of the ecosystem for informed decision making. Chapter 5 summarizes the project 

results from the previous chapters including insights and recommendations for 

continued research in this field. References are included at the end of this document. 
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Figure 1-1. South Florida’s coastal marine ecosystem is comprised of several habitat 

types and is influenced by upstream oceanic processes and upland features 
(e.g., Everglades). (Adapted from Kruczynski and Fletcher, 2012) 

 
. 
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CHAPTER 2 
DECISION TOOLS FOR CORAL REEF MANAGERS: USING PARTICIPATORY 
DECISION SUPPORT TO INTEGRATE POTENTIAL CLIMATE IMPACTS AND 

INFORMED DECISION MAKING 

Introduction 

Coral reefs throughout the world are in significant decline (Wilkinson, 2000; 

Bellwood, et al. 2004; Carpenter et al., 2008). Climate change, land-based sources of 

pollution, and fishing impacts have been the major drivers of change to the reef 

ecosystem (NOAA, 2009). In Florida, events, such as hurricanes have resulted in 

physical damage to reefs and cold-water events have caused coral to die resulting in 

overall declines in stony coral cover. The Florida Reef Tract located adjacent to the 

urbanized corridor along the southeastern portion of the Florida peninsula is no 

exception to this deterioration (Figure 2-1) (Gardner et al., 2005, Donahue et al., 2008). 

While managers have developed strategies to monitor changes in reef health, 

challenges exist within the complex integration of biophysical, institutional, and human 

dimensions science to take action to reverse these declines (Donahue et al., 2008; 

Keller and Donahue, 2006; Keller et al., 2009; NOAA, 1996 and 2007; Nuttle and 

Fletcher, 2013a, c; ONMS, 2011). These challenges include managing for far-field 

drivers and pressures, such as global climate change that negatively impact the reef 

ecosystem (Wagner et al., 2010; Nuttle and Fletcher, 2013a, b, c; Lirman et al., 2014).    

Managing natural resources in a highly developed, urbanized area coupled with 

global climate change is a wicked environmental problem (Batie, 2008; Balint et al., 

___________ 
Reprinted with permission from Fletcher, PJ, Spranger, MS, Hendee, JC, Li, Y, 

Clark, M, Kiker, G. in preparation. Decision tools for coral reef managers: Using 
participatory decision support to integrate potential climate impacts and informed 
decision making. Coral Reefs. 
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2011). These problems are complex, are hard to define, have no easy solutions, involve 

multiple stakeholders, and are constantly evolving within a coupled socio-ecological 

system (Churchman, 1967; Rittel and Webber, 1973). Resource managers must 

respond to diverse stakeholder needs and rely upon the best available science to make 

sound management decisions, all the while recognizing that stakeholder needs can be 

driven by special interests, values, and desires (Conklin and Weil, 1997). One approach 

to address these dynamic socio-ecological systems is to incorporate participatory 

decision support tools into the management process. These tools can be both trans-

disciplinary and adaptive and aid managers in designing and evaluating socio-

ecological management alternatives (Kiker et al., 2008; Goosen et al., 2007). 

Participatory decision support refers to a process of bringing people, sometimes 

called stakeholders (i.e. those with a stake in the outcome), together to develop a 

solution, idea, or concept to take action in the future (Raymond and Cleary, 2013; 

Sheppard, 2005). Stakeholders are individuals who have an interest in an issue or 

resource and are critical components of decision support projects (Ramirez, 1999). 

Pomeroy and Douvere (2008, p. 816) describe the importance of stakeholder 

engagement in the decision-making process within the context of marine spatial 

planning as: “understanding of the complexity of the ecosystem; understanding of the 

human influence on the ecosystem and its management; examining the compatibility 

and/or (potential) conflicts of multiple use objectives; identifying, predicting and 

resolving areas of conflict; and discovering existing patterns of interaction.” As such, 

participatory decision support is a valuable tool for planning and managing resources 

due to the robustness of data and information shared during the process, and the 
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transparency of the approach that reaches across disciplines and helps bridge the gap 

in applying science to management decisions. 

When carefully designed, the participatory decision support approach can be 

useful to achieve agreement amongst diverse stakeholder groups. The method has the 

potential to integrate highly technical knowledge of scientists with the varied knowledge 

and values of non-scientists in order to make informed decisions, and to provide 

reasonable assurance to justify those decisions (Lynam et al., 2007; Lynam et al., 

2010). The technique presented in this chapter illustrates a process to gather technical 

information from a variety of sources and synthesize it into a format that has relevance 

to decision makers.  

This paper describes a participatory decision support methodology used to guide 

the development of climate information tools for coral reef managers in southeast 

Florida within the construct of three components: people, process, and tools (Kiker et 

al., 2005).  Each component is critical to obtain stakeholder input and to build a sense of 

ownership and commitment to the use of the product or results from the effort. The 

methodology consisted of several concurrent efforts to match stakeholder needs with 

climate researcher capabilities. From January 2010 to May 2014, a project coordinator 

identified stakeholders, conducted a reef manager needs assessment of climate 

information, guided the exchange of information between the researchers and 

managers, and facilitated a pre/post survey to evaluate the utility of climate information 

tools developed during this project. Accordingly, the chapter addresses the following 

objectives: 

1. Review the participatory decision support methodology used within the context of 
people, process, and tools described by Kiker et al., 2005 

2. Identify climate information and decision support needs of resource managers 
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3. Survey and assess resource managers’ reactions to prototype decision support 
tools. 

Consequently, this chapter is divided into three parts. The first section outlines 

the participatory decision support methodology within context of people, process, and 

tools. The second highlights the climate information needs that emerged from the 

cooperative effort and participant reactions to the prototype tools.  Finally, a discussion 

section sums up the lessons learned and highlights the next steps in this participatory 

decision support process. 

Methods 

Participatory decision support uses a bottom-up iterative assessment that allows 

for stakeholder input, good research science, action, reflection, and communication 

(Sheppard, 2005; Raymond and Cleary, 2013). Needs assessments are a process that 

can be used to encourage participatory decision support to identify interests, 

capabilities, and evaluation of outputs. The needs assessment methodology consists of 

planning, data collection, data analysis and reporting as described by Witkin and 

Altschuld (1995), Altschuld and Witkin (2000), and the National Oceanic and 

Atmospheric Administration’s Coastal Services Center training manual for Project 

Design and Evaluation (NOAA/CSC, 2003). The coral reef and marine resource 

manager climate information needs assessment in south Florida was achieved over the 

course of four years (Figure 2-2) by integrating three components: people, process, and 

tools (Kiker et al., 2005).  

People 

People are an essential component of participatory decision support research. In 

this study there were three key actors. First, coral reef and marine resource managers 

in southeast Florida (end users) who would be vested in decision support products; 
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second, the researchers of prototype climate information tools; and third, a coordinator 

to liaise between the experts and end users.  

End users 

Coral reef and marine resource managers in southeast Florida were identified as 

the target end-user audience for the development of climate information tools. The 

deliberate selection of this segment of stakeholders was due to their decision-making 

role in managing resources and resource use within the region. The individuals are 

responsible for taking management actions to study, protect, conserve, and allow the 

use of marine resources including the potential negative impacts from climate. In 

addition, the publication of the National Coral Reef Conservation Program Goals and 

Objectives 2010-2015 identified climate impacts as a priority theme as this research 

project was being initiated and provided momentum to develop tools for managers to 

use in addressing climate impacts to reef resources (NOAA, 2009). 

Overall, 19 managers representing 15 resource management offices participated 

in the project between October 5, 2011 and February 25, 2014. The first step in this 

process was to identify these specific coral reef managers (the end users). This was 

accomplished by coordinator meeting with staff from several of the resource 

management offices in the region. Five state and local agency offices were visited 

between October 5, 2011 and October 21, 2011. From these interactions, key 

informants were identified and then contacted to confirm interest in participating in an 

assessment to examine climate information needs for managing the Florida Reef Tract.  

The second step in the process was to conduct a climate information needs 

assessment. Between December 16, 2011 and May 17, 2012, 15 individuals provided 

information and insights regarding managing resources along the reef tract and climate 
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information needs and the format for the delivery of that information. From January 8, 

2014 and February 25, 2014, 11 resource managers participated in a pre/post survey to 

evaluate climate information tools. Throughout the project period, interactions with end 

users consisted of facilitated focus group sessions, workshops, and one-on-one 

meetings with resource managers and researchers. The purpose of all interactions was 

to clearly articulate climate information needs, to identify recommendations for the 

design and delivery of that information, and to evaluate prototype climate information 

decision support tools. These meeting are described in greater detail in the Process 

section. 

Researchers 

Researchers developed prototype climate information decision support tools for 

decision makers during the project period.  This was initially an independent effort being 

conducted by a group of researchers in early 2010. The project coordinator was 

informed of this group and secured permission to share the prototype tools with 

managers to obtain feedback on the content and delivery of the information.  

Four researchers were identified as potential contributors. These individuals had 

participated in climate-related workshops held in Miami, Florida, USA on January 11-14, 

2010, and August 15-16, 2011. Consultation with these researchers in early 2012 

resulted in the development of three prototype climate information decision support 

tools, where two of the individuals worked collectively on one product. Prototypes were 

produced and shared with managers to gather feedback on the usefulness of these 

products for improving the understanding of climate impacts to reef and marine 

resources for informed decision making.  
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Coordinator 

The Sea Grant College Program integrates research, education, and extension 

for coastal issues (Balcom et al., 2013). Throughout the project period, a Regional 

Extension Coordinator was located at NOAA’s Atlantic Oceanographic and 

Meteorological Laboratory in Miami, Florida, USA. The coordinator served as a program 

liaison to the various governmental, non-governmental, and academic institutions 

interested in marine resources in southeast Florida. The coordinator acted as a 

boundary organization linking end-users with researcher capabilities throughout the 

project (Batie, 2008). Interactions between and among researchers and managers were 

organized in part, or entirely by the coordinator. The purpose of these meetings was to 

establish a conduit between those with data and information, and those end users 

desiring this information. The coordinator was responsible for carrying out informational 

conversations, developing and conducting a needs assessment, gathering researcher 

information, documenting and sharing findings, evaluating the prototype decision 

support tool, and maintaining a dialogue to link researcher capabilities with manager 

needs in the region.   

Process 

The needs assessment process was used to guide the participatory decision 

support project (Altshuld and Witkin, 2000; NOAA/CSC, 2003; Witkin and Altschuld, 

1995). The approach included: stating the issue and intended audience, establishing a 

planning team, conducting an information and literature search, characterizing the 

audience, establishing goals and objectives of the needs assessment, and selecting 

data collection methods (Figure 2-2).  
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Stating the issue and intended audience 

Preliminary information was gathered during a climate and marine protected area 

workshop that was held on January 11-14, 2010 in Miami, Florida, USA. The purpose 

was to bring together researchers, managers, and academic partners who would 

identify interest in collaborating to develop a suite of climate information tools for 

resource managers.  The workshop was attended by 28 individuals. Meeting notes were 

used to identify researcher capabilities, consistent terminology (e.g., defining what 

constitutes climate data), and manager perspectives. No formal summary report was 

produced, but the need for climate information that is easy to understand and access 

was mentioned on several occasions throughout the workshop.  

Establishing a planning team 

Following the January workshop, several exchanges among a smaller group of 

participants continued. On August 15-16, 2011, a group session consisting of 14 

individuals from government offices and academic institutions met in Miami, Florida, 

USA to outline current research and identify opportunities to integrate this information 

into existing marine protected area management activities. Participants from these 

meetings worked together in smaller groups to develop proposals to fund research and 

outreach activities to implement the development and delivery of climate information 

tools for coral reef and marine resource managers in southeast Florida.  Funding to 

conduct a climate information needs assessment was secured in 2012. Following the 

assessment, a planning team was formed that consisted of four members. These 

individuals were responsible for reporting results, refining decision support tools, and for 

writing proposals to continue funding climate tool development and climate literacy 

activities. 
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Information and literature search 

Coral reef researchers and managers periodically come together to share 

information about the biophysical, ecological, and management of the Florida Reef 

Tract at workshops, conferences, or meetings. The project coordinator’s involvement in 

these events was strategically planned to maximize the opportunity to interact with the 

greatest number of potential participants interested in contributing to this effort. During 

these meetings, individuals were asked if they would be willing to partake in a 

preliminary assessment to identify climate information needs and to assist decision 

support tool development. For those interested, follow up meetings were scheduled at 

the stakeholder’s office or by phone when there was no option to meet in person. 

Individuals at these meetings provided examples of the information and literature being 

used by resource managers to improve their understanding of climate impacts to coral 

reef and marine resources. 

Characterizing the audience 

Informational conversations were conducted with 14 individuals from five 

management offices in the region between October 5, 2011 and October 21, 2011. The 

coordinator scheduled meetings with a single representative or group of individuals from 

each office. The purpose was to document  the current use of climate information within 

each office and to identify who would be the most appropriate person to complete the 

needs assessment, and most likely to use climate data in their decision making. The 

format for discussion began with introductions to present the project concept, to learn 

about current climate-related activities in each office, and to provide a key informant or 

point of contact in each office for the upcoming needs assessment. There was no formal 

agenda to allow for open-ended conversation and the exploration of ideas and 
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information.  The discussions lasted for one to two hours. Specific individuals from each 

office were identified by their peers, as well as some working in other offices. The key 

informants were then contacted to confirm: 1) they have a role in managing coral reef 

and marine resources; 2) to identify resource protection mandates their agency is 

responsible for implementing; and, 3) their interest in participating in the needs 

assessment. 

Researchers were also considered part of the audience in this project because of 

their involvement in not only developing tools, but also because they would receive 

feedback about their products from the resource managers. Researchers were selected 

using two criteria: 1) the individual was conducting climate-focused oceanic or 

atmospheric research, and 2) the researcher’s study site included a portion of, or the 

entire Florida Reef Tract. The researchers were also interested in the application of their 

science in management.  

Establishing goals and objectives of the needs assessment 

A front-end needs assessment tool was conducted in late 2011 and reviewed by 

human dimensions researchers at NOAA/CSC (Altshuld and Witkin, 2000; NOAA/CSC, 

2003 and 2009; Witkin and Altschuld, 1995). These tools are specifically designed to 

gather information about stakeholders prior to better characterize the situation at the 

start of a project. The tool consisted of 23 open-ended questions, or questions that 

allow for narrative responses with three examples of prototype decision support tools. 

The questions were divided into two categories. The first set of questions was designed 

to gather general marine resource management information and background on the 

resources within their jurisdiction. The second set centered on climate information 

needs and the preferred delivery of that information. Prototypes were included with a 
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limited description of each to gather a first impression of the types of tools being 

developed to obtain feedback to refine or improve the products and ease in 

interpretation. 

Selecting data collection methods 

Data collection consisted of informational conversations, interviews, and a 

pre/post survey conducted with coral reef and marine resource managers in the region. 

The conversations were used to gather information about climate information needs and 

to gather input for the design and delivery of climate tools. Several months later, the first 

of several climate information tools were developed. A pre/post survey was designed to 

gather attitudes and beliefs about climate information decision support tools where 

participants could choose between five responses (e.g., 1=not useful, 2…, 

3=moderately useful, 4…, 5=very useful). The basis for the use of this format was to 

assess the participant’s level of agreement or disagreement related to a series of 

questions about a prototype climate information tool. Data collection was carried out in-

person, by phone, or using Internet conferencing (GoToMeeting, 2014). Questions were 

asked and responses recorded on paper, or were submitted electronically through E-

mail. Each interaction took an average of one to two hours to complete. Informational 

conversations and interview responses were transferred into a spreadsheet and ranked 

with those most frequently mentioned placed at the top of the list and those mentioned 

the least at the bottom of the list. Pre/Post survey data were entered into a spreadsheet 

and a median was calculated to show the central tendency of responses (Boone and 

Boone, 2012).   
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Tools 

Three prototype decision support tools were identified for use in the needs 

assessment during the August 15-16, 2011 workshop (Fletcher and Hendee, 2012). The 

coordinator shared these prototype products with managers to obtain feedback for 

further development following the informational conversations phase of the project. The 

tools were shown to managers during the needs assessment from December 16, 2011 

to May 17, 2012.  

One of the products was a sea surface temperature map that provided a spatial 

visualization of the potential for coral reef bleaching based on increased temperatures 

(van Hooidonk, 2014).  The second prototype was a weather-typing map developed to 

identify relationships between weather patterns and the presence of elevated 

chlorophyll levels in the water column as detected by satellites (Sheridan et al., 2013). 

The third was a monthly onshore reef flux report created to explain the movement of 

nutrient rich deep water onto the nearshore shelf or reef system (Gramer et al., 2008). 

This report provided background information on the monthly onshore flux and an 

automated system was created to provide electronic (E-mail) alerts detailing changes in 

water quality along the southern portion of the Florida Reef Tract.  

Further tool development was carried out beyond the development of the three 

tools described prior due to feedback gathered during the needs assessment. More 

specifically, managers stated a desire for information beyond climate and wanted 

something that included a map. In response, researchers redesigned the Coral Health 

and Monitoring Program (CHAMP) data portal website to meet the format and delivery 

specified by managers (http://www.coral.noaa.gov/champportal/). CHAMP is a 

comprehensive website that includes research, data, and resources to improve the 

http://www.coral.noaa.gov/champportal/
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understanding of coral reef ecosystems around the world. The CHAMP portal provides 

in situ and remotely sensed data being collected at coral reef locations around the 

globe. The content of the portal included a user’s guide, a map-based query tool 

showing coral reef monitoring stations, and a feature to download data (Figure 2-3). A 

formal evaluation of the CHAMP portal was conducted from January 8, 2014 to 

February 25, 2014. A pre/post survey was conducted with 11 resource managers in 

southeast Florida; all but two had participated in the initial needs assessment. Ten of 

the surveys were completed in-person and one using online conferencing 

(GoToMeeting, 2014). One session included three individuals working for the same 

agency with varying degrees of responsibility at the local and regional levels. 

The survey was designed to obtain a “first impression” of the CHAMP website 

and to assess the utility of this as a decision support tool for resource managers. Each 

participant was asked to listen to a project overview, complete a five question pre-test 

survey, work through a hands-on tutorial of the CHAMP website, and complete a seven 

question post-test survey. 

The pre-test survey began with a question on the decision making process at the 

respondent’s home institution or agency. The purpose of this question was to obtain 

insight about how decisions are made, to identify the respondent’s role in the process, 

and to explain where and how CHAMP data can be applied to decision-making. The 

second question requested that the respondents identify the type of manager they are 

(e.g., program manager, project manager, manager, researcher, or other) as a direct 

response to listening to the varied responsibilities of the individuals who participated in 

the needs assessment. The third question asked how often managers accessed climate 

information to complete work-related responsibilities. The final three questions on the 
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survey were tailored to identify: 1) if managers thought decision support tools would be 

useful for making management decisions related to climate impacts to marine resources 

and coral reef ecosystems; 2) if managers would consider using decision support tools 

detailing pressures and stressors to marine resources and coral reef ecosystems in 

future management decisions; and, 3) if a manager would recommend using a decision 

support tool to other marine resource managers within their management portfolio. 

Optional responses consisted of yes or no, or a five-point scale response (1=not useful, 

2…, 3=moderately useful, 4…, 5=very useful, or 1=No, 2=Doubtful, 3=Maybe, 4=Likely, 

5=Absolutely). Respondents were encouraged to elaborate on their responses to each 

question to share additional information about their responses. 

The tutorial included a brief overview of the CHAMP website and a series of 

steps for managers to take to explore the page (Figure 2-3). Managers were asked to 

look at a particular coral monitoring station and the data contained on the website. Then 

they were instructed to look at temperature data for a particular date and time, and to 

download the dataset associated with that information. They were also asked to explore 

the user’s guide. A post-test survey was administered after the tutorial.  

The post-test consisted of seven questions; three were identical to the pre-test 

with specific mention of the CHAMP web page as the decision support tool. Two of the 

questions were designed to conduct a long-term assessment of the decision support 

tool and will be reported in another research paper. The final two questions on the post-

test were structured to identify if the tool increased the respondent’s knowledge of 

climate impacts to coral reefs and marine resources, and if the manager believed they 

would use the tool in the future. A five-point scale was used for the former (1=not useful, 

2…, 3=moderately useful, 4…, 5=very useful), and a yes/no response for the latter.  
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Results 

People 

Informational conversations with the broader group of individuals working in 

resource management or climate research provided general information about the 

breadth and extent each management office or individual was involved climate-related 

activities. The informational conversations provided a plethora of information about 

manager interests, concerns, data needs and preferred delivery format. General 

information about the need for more monitoring, research, and synthesis was consistent 

among offices.  

In total, 15 managers participated in a coral reef and marine resource manager 

climate information needs assessment for the Florida Reef Tract within the project 

boundary stretching from St. Lucie Inlet to Key West, Florida (Fletcher and Hendee, 

2012). Three of the managers provided a single response from their office, so the total 

number of assessments received was 13. However, the responses on this survey were 

recorded individually because each manager was responsible for a different spatial 

domain consisting of a state park, state recreation area, and a regional management 

program responsible for a total of 19 managed areas within the study site. The results 

contain a listing of climate information currently used (Table 2-2), needs identified by 

managers (Table 2-3), information that is difficult to obtain or interpret (Table 2-4), and 

recommendations for designing an Internet-based discovery prototype for climate 

decision support tools (Table 2-5) and its delivery (Table 2-6). In addition, ancillary 

information was reported to help guide the development of climate information tools. 

The top three data needs that the managers categorized as difficult to obtain and 

interpret consisted of sea level rise/tides/storm surge modeling, temperature data, and 
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Gulf Stream current movements (Table 2-7). This information was identified as useful 

for making climate-related decisions.  

Process 

The needs assessment process resulted in a systematic structure to characterize 

the situation and obtain information from stakeholders. A step-wise approach outlined 

by the NOAA/CSC (2003) Project Design and Evaluation training manual was used to 

guide the development and implementation of group sessions, informational 

conversations, interviews, and a pre/post survey.  Inefficiencies in the process were tied 

to operational aspects related to the difficulties in securing time to meet with managers 

who often had limited time for conversations to provide an in-depth introduction to the 

topic and sufficient time to conduct the surveys. For this reason, some of the post-

surveys were completed after an in-person meeting and sent to the coordinator shortly 

afterwards. It must also be noted that the coordinator had been involved in reef-related 

activities for 16 years in this region and was familiar to several of the managers 

partaking in this project. These long-term relationships that had been built often aided 

the willingness of managers to meet to participate in this project.  

 The information shared during conversations far exceeded the survey questions. 

In several instances, this information was recorded, but not included in the survey 

reports or publications. However, it was helpful to form the foundation for future 

activities and exploration of additional insights to the management of marine and 

coastal resources. These include a broader approach to managing coral reef resources 

beyond climate, looking at the multiple lines of pressures and stressors by which 

managers can respond and intervene. One such instance is the development of a new 

cognitive map for the decision making process at one of the regional management 
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agencies (Figure 2-4). Gaining insight to the decision process can help identify where 

managers can intervene and if coupled with appropriate tools can aid in decision 

making. 

The needs assessment process was a fundamental variable in describing the 

varied level of stakeholder’s responsibility in managing resources. It is a critical element 

in understanding the type of information needed by managers to support their decision 

making. Insights from listening to remarks during the informational conversations and 

the needs assessment led to the inclusion of a question in the pre/post survey that 

asked managers to define their management role(s). The purpose of doing so was to 

recognize manager motivations for needing or using climate information within the 

broader understanding of managing marine and coastal environments.  During the 

pre/post survey, verbal comments such as “I will not use this because it does not relate 

to my primary responsibilities”, “I have more accurate data at my office”, or “I will 

definitely use this” provided further awareness about the varied roles which managers 

serve and the level of involvement in implementing decisions. 

Tools 

Three prototype climate information tools were shared with managers to obtain 

feedback and comments on their utility for conveying data for decision making during 

the needs assessment (Fletcher and Hendee, 2012). First, a map showing Degree 

Heating Weeks (DHW) and Sea Surface Temperature (SST) in a marine protected area 

(Papahanaumokuakea Marine National Monument, Hawaii, USA) were developed to 

illustrate areas at risk of coral bleaching in a map format that could be developed for 

southeast Florida (van Hooidonk and Huber, 2012). Second, a weather typing product 

resulted in the identification of ten weather patterns for South Florida and the relation to 
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chlorophyll levels in coastal waters as reflected in satellite imagery (Sheridan et al., 

2013).  Third, the monthly onshore reef flux report was created and was comprised of a 

suite of ecological forecasts that illustrate the movement of water in the region and the 

possibility of changes in water quality based on satellite derived products and in situ 

monitoring stations along the reef tract in the Florida Keys (Gramer et al., 2008). All 

products were shared with participants, although not all commented on them during the 

informational conversation.  

Information needs ranged from more general information about resources in the 

region, to specific datasets tied to climate. Many data needs were reported that were 

not climate specific, but were broader data needs that could help assess climate 

impacts and other stressors to the ecosystem. The most requested climate data was 

data from peer-reviewed literature, monitoring information (delivered via the Internet), 

and temperature data, both temperatures at the sea surface and on the reef crest 

(Table 2-3). The multitude of information and content requested during this initial 

assessment clearly supported the need for a suite of decision support tools since no 

single tool could meet the information needs. In response to this need, the CHAMP 

webpage was updated and evaluated as a decision support tool for resource managers 

in southeast Florida. 

The CHAMP website pre/post survey resulted in several new insights and 

quantitative results. The pre-test question to identify the decision-making process 

illustrated that the process is varied in each institution. However, a general observation 

was that managers provide science-based recommendations to upper-level decision 

makers. As such, when respondents were asked to identify their own management role, 

they described these roles as primary, secondary, tertiary, and quaternary roles 
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showing the dynamics of responsibilities of resource managers surveyed (Table 2-8). 

They were also asked to state the frequency at which they access climate information 

for work-related purposes: four did this weekly, three did it daily, one did it once a year, 

one did it six times a year, one did it monthly, and one did it every other week between 

May and November. Table 2-9 presents the results of the pre/post survey questions 

using a five-point scale as well as one question with a yes/no response. The median 

response for managers stating if decision support tools would be useful for making 

management decisions related to climate impacts to marine resources and coral reef 

ecosystems was a four, or between three (moderately useful) and five (very useful) for 

both the pre-test and post-test. Likewise, the response was the same when asked if 

they would consider using a map-based tool and/or an ecosystem model detailing 

pressures and stressors to marine resources and coral reef ecosystems in future 

management decisions responses. The only change in the median value of responses 

occurred when asked if they would recommend using a map-based tool and/or an 

ecosystem model to other marine resource managers within their management portfolio. 

The median value changed from a four (likely) to a five (absolutely) in the pre-test and 

post-test respectively. The post-test survey asked two additional questions. The median 

response for the degree to which the CHAMP map-based query tool increased 

knowledge about climate impacts to marine resources and coral reef ecosystems was 

three (moderately useful). The final question asked if they believed they would use the 

CHAMP tool in their decision making, ten individuals said yes, and one stated no. The 

one individual who stated they would not use the tool was due to their ability to obtain 

raw data from research being conducted within their office. 
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The pre/post surveys were useful to gather an overall view of the utility of the 

CHAMP website by the target audience. The manager’s responses changed somewhat, 

for example one manager may have changed their response from a four to a three, but 

the median responses stayed the same for the sample size. Beyond the survey, 

comments such as “wow,” “that’s neat,” “I like this” were noted, but not recorded in the 

responses. In addition, informational conversations and discussions after the pre/post 

survey were helpful to gain a better sense of how managers thought they could use the 

tools to carry out work-related responsibilities.  These interactions led to further 

research in developing the tools that was ongoing beyond the dissertation research. 

Implications 

Wicked environmental problems are complex and thus require complex solutions. 

They are volatile and evolving, involve multiple stakeholders, possess dynamic 

constraints and often there is no definitive solution to address the difficult, complex 

problem (Conklin and Weil, 1997). Managers, specifically those in Florida’s densely 

populated southeast coast, are dealing with very wicked environmental problems. They 

must balance the needs of multiple stakeholder groups and resources taking into 

account the varied stakeholder needs while maintaining livelihoods and ecosystem 

integrity.  

This project identified the climate information needs of managers working in a 

coupled socio-ecological system, and provided a participatory decision support 

approach to assess what information is needed to begin to tackle the wicked problem of 

managing resources impacted by climate variability and a multitude of other factors. The 

people, process, and tools methodology helped structure a discussion for the wicked 

problem and a starting point to begin to understand the complex uncertainties tied to 
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managing climate impacts to coral reef ecosystems and connectivity to other systems, 

and the tools currently available (Batty, 2013). 

People 

Participatory decision support was used to identify researchers, managers, and 

non-governmental organizations interested in improving the understanding of coral reef 

ecosystems for improved management. The project developed a foundation for a 

common knowledge domain for future actions. The informational conversations and 

assessments were most valuable for translating ideas from stakeholders’ minds into a 

list of needs and guidance for decision support tools. The interactions foster the 

exploration of new tools that can stimulate healthy dialogues for planning and response 

strategies. 

Participatory decision support is a process that brought awareness to the value 

of multiple ideas and shared knowledge. Goosen et al. (2007) emphasized the value of 

a demand-driven versus a supply driven process where tool development guided by 

end-users can stimulate knowledge and learning among the participants. The project 

coordinator was invaluable in designing, developing, and implementing stakeholder 

involvement and the development of a collaborative manager-researcher climate 

information tool. Much time was spent by the coordinator liaising among offices and 

maintaining contact with managers to illustrate a vested interest in the outcome of the 

project by all those involved. Liaison work is important to facilitate the process acting as 

a honest broker interested in the value of the outcome between the expert and end-

users and serving as a boundary between the two interest groups. Liaison work is also 

valuable to provide a single point of contact to field questions and filter responses, 

however the time commitment must be established to ensure timely responses and 
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individual attention to the stakeholders involved in the project. In addition, managers 

spent several hours with the coordinator during one or all of the project interactions 

consisting of informational conversations, the needs assessment, and the pre/post 

survey.  Weichselgartner and Kasperson’s (2010) stated that both good information and 

a coordinated process for sharing are requirements of knowledge and initiative for 

moving science to action.  

The term ‘manager’ had a broad range of meaning in this study. Managers may 

manage people, programs, or projects. They may make decisions about resource 

management, or feed into the decision-making process by providing science or 

interpreting results of scientific studies to their colleagues or superiors. In some cases, 

they may perform one or a combination of these roles. All of those involved have some 

responsibility to manage coral or marine resources and their information needs varied 

based upon their job description. Ultimately, what each manager is responsible for is 

different and consequently, there are varying needs for an end product. These may 

range general information to spreadsheets of data, or real-time data to historical or 

event driven data. 

Process 

Curtice et al. (2012) identified the failings of ecosystem-based management as a 

result of a lack of resources, funding support, or inappropriate tool developers. This 

effort focused on a front-end assessment to characterize the types of climate 

information and the delivery of that information and matched those needs to researcher 

capabilities. It is noteworthy to mention that the involvement of end-users in the 

development of products can assist in unlocking integrated, dynamic issues fraught with 

uncertain information. This can lead to progress in learning and opportunity-driven 
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solutions that would otherwise not be identified in a confined approach where tool 

developers did not interact with stakeholders (Conklin and Weil, 1997), 

Informational conversations and the formal needs assessment provided 

information beyond the scope of the study, but will be useful in providing context for tool 

development tied to this project and future activities. The first round of meetings at the 

manager’s office provided an opportunity to meet several staff and learn about agency 

programs. Discussions and comments were invaluable to learn more about manager 

perceptions of climate information and immediate and long-term needs at a local level. 

These interactions also helped develop a relationship with end-users that is needed to 

fully develop the suite of decision support tools. 

Tools 

Recommendations for developing prototype climate decision support tools from 

several individuals illustrated that the participatory decision support process proved 

useful in gathering manager needs and researcher capabilities for use in developing 

climate information products for end-users. Changes and enhancements to the three 

examples of climate information products in this study served local management needs. 

Managers stressed the importance to have more information about specific areas of the 

reef, those that fall into a more local jurisdiction. In addition, several expressed the need 

for both general reef ecosystem and climate-specific information. At the time of 

publication, it was unclear if these prototype tools would continue to be further refined. 

However, new tools and the improved delivery of information as described by managers 

would continue. 

In summary, this research described a participatory decision support 

methodology consisting of people, process, and tools that guided the design of climate 
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information for coral reef managers in southeast Florida. All three components were 

required to gather input to characterize the information needed and to begin the 

discussion about how decisions are made and the use of climate and other information 

in the decision process. While the prototype tool is still in its infancy, it shows promise 

for use by this end-user group and its use will be monitored to assess its utility (e.g., 

Google Analytics) over time and to obtain additional input during future updates.  

This project benefitted greatly from the concurrent efforts to develop climate 

information tools and the long-term interactions among the reef manager community in 

southeast Florida. Additionally, the ability to identify appropriate resource managers, 

researchers, and a coordinator and their willingness to participate in this exploratory 

activity were invaluable in completing the project objectives within four years.  

The value of stakeholder input was critical to obtain stakeholder input, to gather a 

“first impression” of the ease of access and use of the tool, and to begin to build a sense 

of ownership and commitment to the use of the product. It was also critical to 

understand that while managing for climate impacts is needed, it is a far-field influence 

that may not have actionable interventions. For this reason, the broader suite of 

information about the reef ecosystem in CHAMP proved useful in assessing and 

determining potential management actions tied to near-field and far-field influences on 

the reef. The wicked issue of managing biophysical, institutional, and human 

dimensions of coral reefs will be revised and evaluated periodically as issues and 

technology evolve. 
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Figure 2-1. Map of the Florida Reef Tract (adapted from Kruczynski and Fletcher, 2012). 
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Figure 2-2. Timeline of needs assessment process components and activities used to complete climate information tool 

development for the Florida Reef Tract.  
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Map-based query tool  
First Impressions 

The Coral Health and Monitoring Program (CHAMP) is a web presence that highlights the integration of 
satellite, in situ, modeled, and other sources of meteorological and oceanographic data in near real-time, 
for the purpose of eliciting ecological forecasts for coral bleaching and oceanographic events with the 
capability to extend to other marine environmental events. These ecological forecasts, or "ecoforecasts" 
are aimed at informing policy and management decisions. CHAMP developers are interested in updating 
the map-based query tool for resource managers in southeast Florida. 
 
For the next series of questions, please explore the CHAMP website using the Molasses Reef site as an 
example of what the site contains and its layout. Let’s imagine we want to see the SST at Molasses Reef 
on 2 specific days. Select the Molasses Reef location from the Station/Sensors section of the page. 
Select monitoring data for that site by highlighting parameters (hold shift and select several) and then 
right-mouse click to display the last 180 days of data. Examine the Plots to the right of the map. There are 
2 tabs, one is User Guide the other Plots. Scroll down until you see the SST plot. Put your cursor over the 
blue line to see dates and temperatures representing peaks and valleys in the graph. Locate the high 
temperature for September 12, 2013 (30.46°C). At the bottom of the page you will find the Data display 
showing all of the monitoring information for that site. Download the data in comma-separated values 
(CSV) by clicking on the Download tab and saving to your computer. Open the file in Excel and look for 
the SST value on July 23, 2013 (29.88°C). If you need assistance, select the User Guide located on the 
right panel of the page.  
 

 
Figure 2-3. Sample of the Coral Health and Monitoring Program map-based query tool 

tutorial used during the pre/post test.
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Figure 2-4. Cognitive map of the decision making process used in one management agency in South Florida. 
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Table 2-1. Managers who participated in the CHAMP pre/post survey.  
Name Title Agency 
Ken Banks Natural Resource Specialist 

IV 
Broward County Environmental 
Protection and Growth 
Management Department 

Rene Baumstark Associate Research Scientist Center for Spatial Analysis 
Information Science and 
Management, Fish and Wildlife 
Research Institute, Florida Fish 
and Wildlife Conservation 
Commission 

Karen Bohnsack NOAA Coral Fellow Consultant ECS, Florida 
Department of Environmental 
Protection, Coral Reef 
Conservation Program 

Billy Causey Regional Director Southeast Atlantic, Gulf of Mexico 
and Caribbean Region, NOAA’s 
Office of National Marine 
Sanctuaries 

Ernest M. Cowan Chief Biologist Bureau of Parks District 5, Florida 
Park Service 

Steven R. Dale Park Manager III John U. Lloyd Beach State Park, 
Florida Park Service 

Lou Fisher Retired Natural Resource 
Specialist III 

Marine Section, Broward County 
Environmental Protection and 
Growth Management Department 

Kathy Fitzpatrick Coastal Engineer Martin County Coastal 
Engineering Department 

Charles Jabaly  District Biologist Bureau of Parks District 5, Florida 
Park Service 

Janet Phipps Coral Reef Ecologist Palm Beach County Department 
of Environmental Resources 
Management 

Erik Stabenau Oceanographer Department of Interior, Technical 
Lead, National Park Service 
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Table 2-2. Marine resource data currently used by the 15 managers participating in this 
study. Numerical totals show most frequent mention of data used by 
managers. A “1” was assigned for each occurrence, “0.1” was assigned for 
ancillary mention of the listing (i.e., mention of State technical reports=State 
Guidance documents.) 

Marine Resource data currently used 
Frequency of 

use 
peer-reviewed journals 6 
state guidance documents/Best Management Practices 5.2 
listserv/forums (topics: harmful algal blooms, turtles, corals) 5 
visuals/resource mapping/benthic habitats 5 
GIS/GoogleEarth/Everglades Restoration/database 
(geodatabase) 5 
office committees/regional teams/personal communications 
(focus on topics) 4 
damage minimization procedures or recommendations 3 
NOAA protocols/guidance documents 2.5 
personal observations 2 
real-time data 2 
university research 1.5 
Southeast Florida Coral Reef Initiative 1.2 
white papers 1.1 
American Association of Underwater Scientists newsletter 1 
Florida Reef Resilience Program 1 
on-the-ground programs producing information (data and 
delivery process) 1 
web-based reporting (e.g., NOAA Integrated Coral Observing 
Network, Bleachwatch, etc.) 1 
monitoring protocol manuals 1 
conferences 1 
sea surface temperature data from NOAA web page 1 
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Table 2-3. Climate information needs identified by 15 managers participating in this 
study. Numerical totals show the frequency each was mentioned during the 
assessment. A whole number “1” was assigned for each occurrence, “0.1” 
was assigned for ancillary mention of the listing. 

Climate information data needs (Q11) 
Frequency of 

mention 
data from peer reviewed literature 5 
monitoring information delivered via web 5 
temperature (sea surface and on reef crest) 4.1 
science recommendations (being discussed in “4-County 
compact”) 3 
current research findings (quick, easy access) 3 
best management practices 3 
damage minimization procedures or recommendations 3 
carbon dioxide in atmosphere 2 
tide/sea level rise 2 
scenario/predictive tools to get concepts across to audiences 2 
weather (including air temperature; patterns of rainfall from climate change and 
impacts on water supply and delivery to the coast) 2 
agency website data 1.1         
online videos about climate science 1         
Impacts to marine resources 1         
Intergovernmental Panel on Climate Change 1         
finer scale/spatial resolution compatibility (Gulf of Mexico to 
Florida Keys) to get local and regional perspectives 1         
reef crest data 1         
Gulf stream movements (eddies and currents) 1         
peer reviewed data 1         
visualizations (e.g., CanViz) for South Florida 1         
science-based information for sharing with the public 1         
present data with a balanced view 1         
data that has verified and good references 1         
Florida Reef Resilience Program data 1         
Precipitation 1         
data to help manage resources (e.g., artificial reefs as management do/not help 
address  
climate change concerns) 1 

 

analysis and trends in wildlife-data reports showing increases 
or decreases in habitat etc. 1         
US Geological Service groundwater data (salt water intrusion) 1         
NOAA long-term data sea level records 1         
National Park Service data records 1         
long-term salinity 1         
pH 1         
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Table 2-4. Climate information that is difficult to locate or interpret as identified by 
resource managers during formal needs assessment. A whole number “1” 
was assigned for each occurrence, “0.1” was assigned for ancillary mention of 
the listing. 

Climate information that is difficult to locate or interpret (Q12) 
Frequency of 

mention 
sea level rise/tides/slosh 5.1 
temperature (downscaling) 3.1 
Gulf Stream information/patterns (e.g., event maps) 3.1 
weather stations 2.1 
downscable to this region of the world 2 
rainfall patterns 2 
more meteorological data  2 
water quality (nutrient levels, detection limits, microbial activity) 1.1 
DBhydro (water quality database housed at regional water management 
office) 1.1 
physical oceanography 1.1 
subset of Coastal-Marine Automated Network (C-MAN) station 
information 1.1 
current/accurate/regularly examined 1 
changes in reef species and other biological data 1 
atmospheric carbon dioxide 1 
benthic mapping (expansion of Dendrogyra) 1 
ocean acidification 1 
linking human activity to impacts 1 
integrating what we know to impacts 1 
vulnerability analysis (e.g., sea level rise and scenarios) 1 
airport weather data 1 
fisheries data of all life stages (younger year classes) to help make 
management decisions 1 
all physical measurements 1 
Water Management District data  1 
in situ observations 1 
pH 1 
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Table 2-5. Recommendations for the design of a climate information decision tool. 

Recommendations for the design of climate information (Q21) 
Frequency of 

mention 
visuals (appropriate graphs and maps) 6 
time scales (10yrs, 15yrs, events) 5 
regional scale (entire Florida Reef Tract) 4 
improve data (more water quality monitoring data) 2 
webinars 2 
app for climatology 1 
think of being the end user (children, boaters, etc.) 1 
cartoons for illustrative purposes (e.g., persistent blooms) 1 
real time Gulf Stream location 1 
sea surface temperature of Gulf Stream water 1 
real time satellite data 1 
fact sheet with climate impacts 1 
integrate multidisciplinary information 1 
Add “what can you do” for managers 1 

 
Table 2-6. Recommendations for the delivery of a climate information decision tool. 

Deliver of climate information 
Frequency of 

mention 
listservs 11 
use (well designed) web-based interface 10 
newsletter 5 
Peer reviewed publications 4 
social media 1 
synthesis of information (don’t really need more information, just improve 
delivery) 1 
public service announcements 1 
use a map in the product  1 
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Table 2-7. List of recommendations to improve the climate data product prototypes 
developed during the project period. 

make smaller/finer resolution grid size on reef flux report 
use macroalgae versus chlorophyll a in the weather typing tool 
Email these [alerts] with messages 
need more interpretation to fully understand and apply to management decision-
making 
design these similar to harmful algal bloom report, send via email and attachment 
regional scale too large for county analysis 
potential to discuss why there are changes (e.g., Gulf Stream meanders, water 
quality, etc.) 
expand to northern portion of the reef tract 
did not use graph [in the weather typing] too much 
make newsletters and ask managers how they incorporate this new science 
integrate fisheries data 
give status report with days, last month, last 10,20,30 years 
include Southeast Environmental Research Center reports 
add info on how you get from one weather pattern to another and what is normal to 
extreme 
use these for hindcasting to identify  management strategies for the future (look for 
precursors) 
good to help understand climate science, not sure how to use for decision making at 
larger scale level 
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Table 2-8. A pre-test survey was conducted to identify the type of management 
responsibility for each respondent. Eleven managers were asked to describe 
their management role in their institution. They were provided with a list of 
management types with descriptions and asked to select those that apply, 
and to rank the order of their responsibilities in each role if they selected more 
than one, or provided an “other” management role. 

Management 
type 

Description Primary 
Role 

Secondary 
Role 

Tertiary Role Quaternary 
Role 

Program Manager one who manages 
a program that 
responds directly 
to organization 

3    

Project Manager one who manages 
projects that 
directly support 
program goals 

1 4 1  

Manager one whose 
primary role is to 
manage staff to 
complete 
programs and 
projects 

2 1 1  

Science Manager one who manages 
the collection, 
analysis, and 
reporting of 
organizational 
science 

2 1 1  

Researcher one who is 
technically 
engaged in 
scientific 
investigations and 
inquiry 

2  1 1 

Other Coastal engineer     1 
Other Retired reef 

resource manager 
1    
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Table 2-9.Survey responses to questions relating to a marine and coastal resource decision support tool (n=11). 
Questions Alternate responses Pre-survey Post-survey 

(Map-based query tool) 
 Response(%) Median Response(%) Median 
Do you think decision support tools 
would be useful for making 
management decisions related to 
climate impacts to marine resources 
and coral reef ecosystems? 
 

1 Not useful 
2… 
3 Moderately useful  
4… 
5 Very useful 

0  
1 (9.0) 
3 (27.2) 
3 (27.2) 
4 (36.3) 

4 0 
0 
2 (18.1) 
4 (36.3) 
5 (45.4) 

4 

Would you consider using a map-based 
tool and/or an ecosystem model 
detailing pressures and stressors to 
marine resources and coral reef 
ecosystems in future management 
decisions? 
 

1 No 
2 Doubtful 
3 Maybe 
4 Likely 
5 Absolutely 

0 
0 
2 (18.1) 
5 (45.4) 
4 (36.3) 

4 1 (9.0) 
0 
1 (9.0) 
4 (36.3) 
5 (45.4) 

4 

Would you recommend using a map-
based tool and/or an ecosystem model 
to other marine resource managers 
within their management portfolio? 

1 No 
2 Doubtful 
3 Maybe 
4 Likely 
5 Absolutely 

0 
0 
2 (18.1) 
4 (36.3) 
5 (45.4) 

4 0 
0 
2 (18.1) 
2 (18.1) 
7 (63.6) 

5 

     
Post-survey Questions  
(Map-based query tool) 

Alternate responses  Alternate 
responses 

Median 

       
Rank the degree to which the tools 
increased your knowledge about 
climate impacts to marine resources 
and coral reef ecosystems? 
 

1 No 
2 Doubtful 
3 Maybe 
4 Likely 
5 Absolutely 

   1 (9.0) 
2 (18.1) 
3 (27.2) 
4 (36.3) 
1 (9.0) 

3 

Do you believe you will use one of 
these tools in your decision making?  

Yes 
No 

   10 
1 
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CHAPTER 3 
USING THE INTEGRATED ECOSYSTEM ASSESSMENT FRAMEWORK  

TO BUILD CONSENSUS AND TRANSFER INFORMATION TO MANAGERS 

Introduction 

 
Ecosystem-based management (EBM) can be defined simplistically as an 

operational strategy to manage the ecosystem in a holistic manner and is widely 

accepted as a method to improve natural resource management (McCleod et al., 2005; 

Szaro et al., 1998; Christensen et al., 1996). A primary goal of EBM is to achieve a 

balance between the needs of society, the environment, and institutional arrangements 

(Slocombe, 1993b). To achieve such a balance requires knowledge regarding the 

complexities and intersection of biophysical science, human dimensions, and 

governance mechanisms (Altman et al., 2011; Kelble et al., 2013; Rosenberg and 

McLeod, 2005; Slocombe, 1993b; Szaro et al., 1998).  

Implementing EBM poses numerous challenges to decision makers. Many of 

these challenges are tied to understanding the interconnectedness of the dynamic 

environment and the coupled socio-ecological system, often when scientific information 

and management processes do not efficiently serve one another. These challenges 

become pressing concerns to address in a timely manner as coastal populations grow 

and declines in the health of marine and coastal ecosystems continue (Keller et al., 

2009; Leslie and McLeod, 2007; MEA, 2005; POC, 2003; USCOP, 2004; WHCEQ, 

2010). The primary challenge facing managers is assimilating complex information,  

drawing substantive inferences from this information, and then translating these 
 
___________ 

Reprinted with permission from Fletcher, PJ, Kelble, CR, Nuttle, WK, Kiker, G. 
2014. Using the integrated ecosystem framework to build consensus and transfer 
information to managers. Ecological Indicators. 
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inferences into concrete and defendable management actions. Integrated Ecosystem 

Assessments (IEAs) are a process designed to overcome or, at least, minimize this 

challenge (Levin et al. 2009; Reiter et al. 2013).  

IEAs provide ‘a formal synthesis and quantitative analysis of information on 

relevant natural and socioeconomic factors, in relation to specified ecosystem 

management objectives’ (Levin et al., 2009).  The IEA approach includes scoping and 

stakeholder engagement to aid in defining ecosystem goals, targets, and indicators. 

Thus, the IEA process provides opportunities to bring together stakeholders for 

developing consensus designed to inform EBM implementation and decision-making 

(Tallis et al., 2010; deReynier et al., 2010; Levin et al., 2009; Levin et al. 2013). 

Because the role of these interactions in the IEA framework is not explicit, a 

modification of the IEA process has been proposed to increase the interactions with 

management and provide tangible products to support management decision-making 

(Reiter et al., 2013). 

IEA and other scientific processes designed to inform EBM should in their early 

stages address the need for building a science-based consensus of the current state of 

the ecosystem (Harwell et al., 1996). The consensus-building process is reliant on 

active, two-way stakeholder engagement. Scientists, resource managers, and 

stakeholders need to be engaged at the onset to present their scientific knowledge of 

the ecosystem and develop a consensus of not just how the ecosystem functions, but 

also how humans interact with the ecosystem. After developing the science-based 

consensus, management and stakeholder entities must be engaged to communicate 

this consensus in an effective manner to further their missions.  
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In South Florida, the MARine and Estuarine goal-setting project (MARES) sought 

“to reach a science-based consensus about the defining characteristics and 

fundamental regulating processes of a South Florida coastal marine ecosystem that is 

both sustainable and capable of providing the diverse ecosystem services upon which 

our society depends.” This goal is directly aligned with the IEA process in that it seeks 

to develop scientific consensus through the development of EBM goals and indicators. 

Moreover, MARES and IEAs both have the specific aim of conducting this consensus 

building to increase the use of science in resource management decision-making.  We 

will discuss how MARES applied the established IEA steps for defining EBM goals, 

developing indicators, conducting risk analysis, and evaluating scenarios and 

supplemented these with continuous and ongoing engagement with managers in an 

attempt to improve the transfer of scientific knowledge into resource management 

decision making in south Florida. 

Materials and Methods 

South Florida’s coastal marine ecosystem is located at the southern tip of the 

Florida peninsula. The MARES domain spanned from the Caloosahatchee River 

Estuary on the west coast, through the southernmost region of the Florida Keys and Dry 

Tortugas, and to the southeast coast northward to the St. Lucie River Estuary (Figure 3-

1).  To better engage stakeholders and resource managers, we divided South Florida 

into three subregions: Southwest Florida Shelf, Florida Keys and Dry Tortugas, and 

Southeast Florida Coast. 

MARES focused on four steps in the IEA process 1) scoping, 2) indicator 

development, and 3) risk analysis, and 4) evaluating scenarios. However, MARES had 

as its central hypothesis that developing consensus through integration between natural 
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systems scientists, human dimensions scientists, resource managers, and non-

governmental organizations (NGOs) would improve the use of science in resource 

management decision-making. As such, MARES had a leaders group with 

representatives from Everglades National Park, Florida Keys National Marine 

Sanctuary, University of Miami, Florida International University, the National Oceanic 

and Atmospheric Administration, Florida Department of Environmental Protection, 

Florida Fish and Wildlife Conservation Commission, and Audubon of Florida to ensure 

the methods being employed were appropriate for building consensus in a manner that 

would improve resource management. Moreover, significant focus was placed upon 

communications and engagement with stakeholders and resource managers to keep 

them involved in the process and promote the transfer of this scientific knowledge to 

management.  

Scoping 

The South Florida project employed consensus building throughout the scoping 

process. Ralph and Poole (2003) define consensus building as “an interpersonal and 

political process designed to facilitate decision-making in the divisive and contentious 

political environment that surrounds the development of natural resource management 

policies.” The multidisciplinary nature of EBM underscored the importance of consensus 

building and illustrated the value of including it as an internal component when 

integrating natural and human dimensions science (Fox et al., 2006; Slocombe, 1993b; 

Weichselgartner and Kasperson, 2010). The scoping process included several 

components intended to synthesize current knowledge and systems viewpoints. The 

process included information exchanges and briefings, conceptual diagram 

development, and integrated conceptual ecological model (ICEM) development. 
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Throughout the project, multiple streams of communication were used to encourage 

information sharing to improve the synthesis of knowledge (Figure 3- 2). Exchanges 

occurred in person at workshops or through social media, E-mail, online meetings 

(GoToMeeting, 2013), or interpersonal communications.  

The crux of the MARES scoping process was four two-day facilitated workshops, 

one in each sub-region and one for the total South Florida coastal marine ecosystem. 

All workshops were announced publicly via the project website, public listservs, and 

during public meetings related to resource management in the region (e.g., U.S. Coral 

Reef Task Force). Moreover, we specifically targeted NGOs to represent the viewpoints 

of their constituency. Each workshop was attended by 40 to 60 participants from 

federal, state, and local agencies, academic researchers, NGOs, and an elected official.  

The facilitated workshops were used as a forum to present ideas and to build 

consensus regarding the structure and function of the coastal ecosystem, including 

humans. In most instances, consensus was achieved by general agreement.  These 

workshops first aimed to develop a conceptual diagram that depicted the ecosystem, 

including relevant human activities. During regional workshops, participants were split 

into groups and asked to create a diagram of the ecosystem. Group discussion was 

used to create and refine these diagrams representing the biophysical and human 

dimensions of the ecosystem in a visual format for science communications with policy 

makers and non-technical audiences (Dennison, 2007; Likens, 2010). Sometimes, one 

or two participants led the effort, and in other instance several individuals joined in the 

exercise. The group reviewed their drawing and when consensus on the content of the 

sketches was achieved, a photograph was taken, and the drawings were recreated in 

Illustrator CS6 software (Adobe, 2012) and shared with participants for review (Figure 3-
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3). Diagrams were added to subsequent reports, presentations, and fact pages to share 

a visual representation of the complexities of the ecosystem with non-technical 

audiences.  

The conceptual diagrams were then used as the basis for developing ICEMs that 

described cause and effect relationships in the ecosystem, and identified focal 

ecosystem components for both biophysical and human dimensions. A modified 

Drivers-Pressures-States-Impacts-Responses (DPSIR) framework (OECD, 2003; UN, 

1996) termed EBM-DPSER was used to develop the ICEMs. The primary modification 

in the EBM-DPSER framework was to emphasize the importance and explicit inclusion 

of ecosystem services by replacing the Impacts module in DPSIR with Ecosystem 

Services in EBM-DPSER (Kelble et al., 2013) (Figure 3-4). Ecosystem services in the 

South Florida project were defined as the benefits that humans derive from the 

ecosystem (MEA, 2005). They linked people to the state of the ecosystem using the 

terminology “Ecosystem attributes that people care about” (Kelble et al., 2013). The 

attributes were carefully selected to capture services that had value for both people who 

live in the South Florida ecosystem and people who do not. The value of the ecosystem 

service was related to environmental conditions, and this value was measured and 

reported in a monetary, cultural, or social context (Loomis and Paterson, 2014).  

The state module of EBM-DPSER ICEM was further described by developing 

state models for each of the focal ecosystem components in the state module. Prior to 

each regional workshop, a subset of project participants were asked to draft a 

conceptual ecological model (CEM) for states of the ecosystem (Gentile et al., 2001).  

These individuals were regarded as experts in their field of science. Draft models were 
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presented for further comment during the regional workshops. Final drafts of the 

diagrams were put into a standardized format for reporting.  

The CEMs were used to impart the knowledge about the ecosystem with the 

appropriate target audience with emphasis on the linkages among the components. 

CEMs provided a more technical view of the ecosystem than the conceptual diagrams 

and helped characterize and assess an ecosystem using a systematic approach to 

identify drivers, stressors, and desired endpoints with considerations of risk and 

uncertainty tied to alternative futures (Figure 3-5). Gentile et al. (2001) and Reiter 

(2004) illustrated the utility of these models as management tools that aid in identifying 

societal preferences and ecological states and the linkages among these.  

Work groups used the consensus built during the scoping process to create 

reports describing focal ecosystem components within the EBM-DPSER model allowing 

one report to reflect the consensus knowledge of all workshop participants. Work 

groups presented a synthesis of scientific knowledge on a particular component of the 

ecosystem followed by an open discussion of how to move that science into the IEA 

framework. In some instances, workshop attendees ranked and prioritized features of 

the environment by placing adhesive dots on a poster listing each of those features, in 

other cases, they used audience response systems (Turning Technologies, 2013). 

These methods characterized areas of convergence and divergence within the expert 

knowledge base in the room. Divergent topics were discussed in a facilitated session to 

gain consensus from participants. Workshop reports were shared for review and 

additional comment as a final opportunity to illustrate acceptance of the synthesis and 

findings.  
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Indicators 

Indicators are quantitative measures that assess the status of the ecosystem 

(Doren et al., 2009). They are most useful when assessing the status relative to a pre-

defined goal. Because MARES stated goal was an ecosystem that is sustainable and 

delivering societally desired levels of ecosystem services, selected indicators were 

required to be scientifically defensible and able to assess the ecosystem relative to this 

goal. To accomplish this objective a set of 11 criteria for ecosystem indicators were 

described based upon previously applied indicator criteria in the literature and input 

from workshop participants (Table 3-1). Indicators were developed based on these 

criteria for both the biophysical and human dimensions of the ecosystem. This led to a 

large number of indicators that reduced the ability to quickly communicate the status of 

the ecosystem. Thus, MARES aggregated indicators into indices providing a hierarchy 

of information relevant to a broad array of audiences. The hierarchy of indicators 

enabled a range of users from those only interested in the broad status of the 

ecosystem and thus only the most aggregated of indices to those interested in a specific 

sector within the ecosystem to assess the current status of a specific ecosystem metric 

(Loomis et al., 2014). 

The focal ecosystem components identified in the EBM-DPSER models became 

the full suite of high-level composite indices required to assess the status of the 

ecosystem. However, the underlying indicators had to be developed to calculate these 

indices. Work groups identified at the scoping workshops developed these underlying 

indicators. They lead indicator development for each state component as well as all 

relevant human dimensions components of the ecosystem.  These work groups were 

comprised of 2-15 people including topical experts and, where possible, relevant 
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resource managers. Each work group was tasked with selecting indicators based on the 

MARES indicator criteria and writing a manuscript reporting on the indicator selection 

process and results (c.f. Lirman et al., 2014; Loomis and Paterson, 2014; Marshall et al. 

2014; Ogden et al., 2014a, b; Wingard and Lorenz, 2014).   

Risk Analysis 

The third step in the IEA process was to conduct risk analysis on the ecosystem 

components and their relationships to one another. This was performed through a two-

day scoping workshop at the end of the MARES process that sought to elicit expert 

opinion to rank the strength of connections between pressures, states, and ecosystem 

services identified in the EBM-DPSER model for Florida Bay, the Florida Keys, and the 

Dry Tortugas. The workshop was held on August 22-23, 2012 and 386 questions were 

posed to 25 regional scientists, managers, and an elected official using keypad polling 

systems (Cook et al., 2014; Turning Technologies, 2013). The responses were used to 

gather, analyze, and illustrate consensus on the strength of the model linkages between 

ecosystem pressures, states, and ecosystem services, and the relative risk of selected 

ecosystem states and services due to the cumulative impacts from pressures. For a 

detailed description of this methodology see Cook et al. (2014). 

Evaluating Management Scenarios 

The evaluation of alternatives has been found to be a key feature in the use of 

conceptual models to support resource management decision making (Tscherning et 

al., 2012). There are a number of methods that can be applied to evaluate management 

scenarios with conceptual models (c.f. Harwell et al., 2010; Reiter 2004; Elmer and 

Riegl, 2014); however, Bayesian Belief Networks (BBNs), or probabilistic models that 

employ adaptive management and can incorporate consensus based approaches, were 
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selected as a method to test the utility of translating the MARES science to evaluate 

management scenarios (Nyberg, et al., 2006). BBNs were chosen due to their relative 

ease of use, ability to incorporate qualitative and quantitative data, and visualization 

features.  In addition, BBNs are themselves focused on building consensus consistent 

with the overall MARES goals. Moreover, BBNs can develop a broader understanding 

of impacts and range of outcomes, sometimes with limited information from stakeholder 

perceptions (Cain, 1999; Cain, 2001; Lynam 2003). Growing interest in the use of BBNs 

to develop consensus-based management alternatives, or “reasonable assurance” in 

the decision making process provoked their use for assessing applicability to evaluating 

management scenarios and increasing the use of science by resource managers within 

MARES (Uusitalo, 2007; Lynman, 2010; Nyberg et al., 2006, van Dam et al., 2013). 

Using responses from the IEA process, a proof of concept BBN was constructed 

using Netica (Norsys, 2013) software to represent the relationship of ICEM variables 

and the usefulness of the network in decision making. This exploratory network was 

constructed using the coral reef and hardbottom CEM from the Southeast Florida Coast 

(SEFC), with a subset of climate change impacts that were determined to be the most 

prevalent global driver in the region  (Figure 3-6) (Nuttle and Fletcher, 2013c; Riegl et 

al., 2013). The prototype was designed to mimic the CEM model structure with input 

from MARES participants, coral researchers, and the literature. The prototype was 

shown to potential endusers (i.e. resource managers) in small-group settings to obtain a 

first impression of the BBN as a decision support tool. The far-field drivers and 

pressures selected were “pressures related to climate change and the rising 

concentration of carbon dioxide in the atmosphere, including the effects of ocean 

acidification and accelerated sea-level rise” (Nuttle and Fletcher, 2013c). While it was 
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recognized that far-field pressures were typically beyond the jurisdictional boundary of 

regional management entities, the climate change driver was selected for use in the 

BBN to investigate what pressures (e.g., sea level, temperature, acidification, etc.) may 

have the most impact on coral reefs and hardbottom habitats, and which management 

intervention (e.g., reef restoration, water management, etc.) might be used to address 

the impacts. Thus, BBN scenarios were built for use in promoting awareness of the 

cascade of impacts to reef ecosystems caused by climate change when communicating 

with the general public and decision-makers.  

The BBN was completed using a step-wise process focused on stakeholder 

engagement (Cain, 2001). In this way, each activity from the South Florida IEA was 

incorporated into building the network. Scoping identified the network purpose and 

provided a comprehensive overview, the ICEM of the region that proved most useful for 

building the BBN structure, indicators were used to define the nodes in the BBN, and 

the risk assessment confirmed through expert opinion that the greatest strengths of 

relationships from ecosystem pressures to states impacting ecosystem services were 

freshwater delivery to the coastal ecosystems and climate change suggesting the use of 

climate change in the proof of concept model (Cook et al., 2014). 

The BBN presented climate change impacts to the SEFC in a visual format 

consisting of 18 nodes (boxes) and 25 lines connecting those nodes as detailed in the 

CEM coral and hardbottom diagram (Figure 3-7). The nodes were connected by arrows 

to illustrate parent-child relationships. These links supported the BBN mathematical 

model calculating the probabilities of the condition of nodes (e.g., high or low diversity of 

corals). Working from the bottom of the diagram upwards, and following the EBM-

DPSER model, two nodes described the drivers: climate change and storms and low 
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pressure systems. These nodes lacked parents, but collectively had 7 parent-child 

relationships with nodes representing pressures in the coral and hardbottom CEM. 

Node values could be manipulated (e.g., frequency of storms being many or few per 

year) to measure the cascade of impacts to the network ultimately ending with 

“aesthetics” being the selected desirable ecosystem attribute for this exercise.  

Moving upwards in the model, there were seven pressures (sea level rise, depth 

distribution change, temperature, physical damage, acidification (measured by pH was 

combined with aragonite saturation state from the CEM), salinity, and turbidity and light 

attenuation were joined together). Sea level rise was a parent node using a 2010 

reference level, and regional projections of 3 to 7 inches (2030) and 9 to 24 inches 

(2060) (Nuttle and Fletcher, 2013c; SFRCCC, 2011). Sea level rise also fed into one 

other pressure node (depth distribution change). Depth distribution change was 

associated with rising sea levels and the ability of corals to grow upwards, retain their 

vitality at deeper depths, or to see a shift in coral species at deeper depths. Qualitative 

values (weak, moderate, strong) were assigned to this node because of the 

uncertainties tied to this change. Temperature parameters selected were determined 

using one of the protected species of coral, staghorn coral (Acropora cervicornis) having 

quantitative temperature thresholds (Shinn, 2012). Physical damage was generically 

categorized as high, moderate, or little based on acreage impacted. Ocean acidification 

was represented by combining aragonite saturation state and pH. The mineral aragonite 

is available in seawater for use by organisms such as corals to build their skeletons. 

The saturation state of aragonite affects the availability of the mineral impacting coral 

growth rates. Lower seawater pH levels result in lower amounts of aragonite available 

for coral growth. The resulting node reflects qualitative values based on saturation state 
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ranges derived from research: no mineral available for coral growth (no growth (0 to 2)), 

same growth rate as today (3 to 4), and faster growth rate (5+) (Langdon, 2012). Salinity 

values of 34, 35 to 39, or greater than 40 ppt were determined from Riegl et al. (2013). 

Turbidity and light were not consistent in their impacts to corals. Riegl et al. (2013) 

noted several studies in which coral growth rates both increased and decreased with 

changes in light penetration to the sea floor associated with turbidity. This node 

remained part of the BBN because of its inclusion in the CEM with values assigned as 

good or bad light levels. It served as another example of how to deal with uncertain 

variables in the network.  

States were addressed next following the structure of the CEM. Bleaching, the 

expulsion of symbiotic algae from coral tissue, was represented by the presence or 

absence of this condition in coral colonies. Calcification rates (high or low) represented 

the ability of corals to produce calcium skeletons. Growth, survival, reproduction and 

recruitment were grouped together in the CEM and remained so for the BBN to 

summarize the overall condition of corals. This node fed into four more states (diversity, 

resilience, and reef structure, and the grouping of species abundance, spatial extent 

and distribution). These nodes represent measureable attributes that can be used as 

indicators of reef condition, and are therefore valuable to the BBN in providing 

qualitative and quantitative information that can be used and updated in scenarios.   

Responses, or management interventions identified were included (fishery 

regulations, water management, reduced coastal development, climate change coping 

strategies, reef restoration, invasive species management, and lifestyle response by 

individuals). These were identified by the CEM authors and vetted during document 

review. The values of the responses were manipulated during scenarios to identify if 



 

72 

there were changes to coral reef and hardbottom state or desirable ecosystem 

attributes.  

Desirable ecosystem attributes was the topmost node. Aesthetics was chosen to 

encapsulate all of the other nodes and values in the network. Riegl et al. (2013) note the 

importance of aesthetics for recreational and tourism in the region. It was used in the 

prototype BBN to explore probability values one might place on the state of the 

ecosystem and effects of management responses. 

A table (Table 3-3) was created to assign conditional probabilities for every node 

and combination of nodes. This task was performed using knowledge from the 

development of the CEM reports and input from multiple stakeholder meetings. The 

probabilities associated with each node in the toy model were assigned as estimates 

and were not vetted for accuracy. Probabilities reflected a general outcome where ‘high’ 

or ‘true’ conditions of coral growth, survival, reproduction, and recruitment would result 

in higher aesthetic values, and ‘low’ or ‘false’ conditions resulted in lower aesthetic 

values. The outputs were intended to illustrate the capabilities and limitations of the 

BBN and scenario evaluation outputs but require further input for use in management 

decision making. Once the table was completed, a series of sensitivity analyses were 

run using the Netica software (Norsys, 2013). This analysis illustrated the influence of 

other nodes within the network on the selected node.  Four analyses were performed, 

two for aesthetics and two for growth, survival, reproduction and recruitment. Scenarios 

examined changes resulting from climate change (yes or no) in combination with storms 

and low pressures systems (many or few) using the reef restoration management 

response.  
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Communications 

As MARES central goal included the improved use of science by resource 

management, communications that would aid in the transfer of science to management 

were an integral component of the program. Communications were developed using 

stakeholder input from both technical experts and resource managers. Products 

consisted of printed materials, Internet sites, and interpersonal interactions. Project 

participants and the resource management community in South Florida confirmed these 

types of products were appropriate mechanisms to convey information to managers 

during a scoping exercise. As a result, this communications strategy was pursued to 

transfer science to managers. Social media was added to the Internet-based products 

and stronger emphasis placed on developing fact pages to highlight regional and topical 

components of the ecosystem. 

Printed materials 

Printed materials were created for use in a variety of settings with the 

overarching goal to inform the target audience about the IEA effort and its findings. 

Reports, fact pages, diagrams, and posters were created to meet target audience 

needs. Fact pages in particular were developed on a regional and topical basis for 

decision-making and resource managers.  

First, the project planning team identified a variety of manager types. Then, the 

team outlined several kinds of printed materials each manager type would be most likely 

to use. The materials were created by committee and incorporated data, images, and 

summary text. The printed materials were then refined through engagement with the 

targeted management type. Printed materials were identified at the beginning and 

throughout the project to meet the needs identified by the target audience and as 
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opportunities to share information. Materials were distributed in-person by project 

partners at meetings throughout South Florida.  

Internet-based products  

Internet-based products were developed to share project updates and 

information. A webpage (www.sofla-mares.org), document management system, 

Facebook, and blog were produced and electronic correspondence using listservs was 

maintained throughout the project period. The use of Internet-based products was 

undertaken to encourage interactions with managers and stakeholders and also to 

reach a broader audience. The website created an Internet presence and established a 

consistent location for access to meeting announcements, reports, and project contacts. 

A document management system was designed as a repository for all project 

documents and reference materials and to share ideas among principal investigators 

and partners. Two listservs, or email discussion groups were created, one for principal 

investigators, the other was a moderated list for the public. As the project evolved, a 

Facebook page, and a blog site were built to improve the awareness of the project and 

to further discussions among the researchers, managers, and interested public. Google 

Analytics were used to determine the frequency of visits to the website, Facebook page, 

and blog. 

Interpersonal communications  

Formal and informal interactions during workshops, focus groups, meetings, and 

lunchtime sessions helped established new professional relationships. Many of the 

principal investigators, especially those from the Florida Keys and Dry Tortugas 

subregion, worked together since the start of an extensive regional restoration project in 

the late 1990s. Interpersonal communications occurred among this network of 
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individuals during the multitude of restoration-related meetings and continued with the 

introduction of MARES in late-2009. In addition, conferences and regional meetings 

afforded the opportunity for colleagues to interact and get to know one another.  

Results 

Scoping 

MARES conceived and assembled the first comprehensive, science-based 

consensus for the marine and coastal ecosystem of South Florida through the 

development of conceptual diagrams, models, and indicators. Scoping served as a 

platform to conduct this synthesis by building consensus on ecosystem structure and 

function, diagnosing participant needs (some of whom were managers and NGOs), and 

creating a shared responsibility for learning among project leaders and participants 

(Etling, 1993; Kleis et al., 1973). In the case of South Florida, workshops elicited 

participant opinion and generated a scientific consensus on the fundamental regulating 

processes of South Florida’s marine and coastal ecosystem (Nuttle and Fletcher 2013a, 

b, c). Group learning opportunities materialized beyond initial expectations and included 

exploration for integrating ecosystem components, improved comprehension of specific 

elements of the ecosystem from specialists, and most prominently with the introduction 

of human dimensions science into the project (Kelble et al., 2013). Hungerford and Volk 

(1990) illustrated the process for “environmental citizenship behavior” and how it 

evolved over time beginning with individual awareness, and then leading to ownership 

and empowerment (NOAA/CSC, 2007). In this way, each participant, as a scientist, 

manager, or interested party, engaged in shared learning and the open dialogue that 

contributed to achieving the project goal. 
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Indicators 

Indicators were developed to determine and convey whether an ecosystem is 

approaching sustainability and delivering desired levels of ecosystem services that 

capture the status of both the natural and societal aspects of the system. Consistent 

terminology for both natural system and human dimensions indicators were defined 

using an iterative process during workshops and work group meetings, and vetted with 

the larger participant audience during document development. A hierarchical approach 

was used to identify a range of indicators. The hierarchical approach to developing 

consistent indicators is described in detail in Loomis et al. (2014). At the lowest level 

were data or measurements of one or more variables. The highest level was comprised 

of an aggregated composite index used to define overall ecosystem status. The highest-

level indices were developed using ICEMs and were generally either broad natural 

science system components (e.g., water column, coral and hard-bottom) or ecosystem 

services (e.g., recreation quality) that were themselves composed of a number of lower 

level indicators. Indicators were developed or already existed for economic human 

dimensions (Johns et al., 2014), non-economic human dimensions (Loomis and 

Patterson, 2014), coastal wetlands (Wingard and Lorenz, 2014), corals (Lirman et al., 

2014), marine birds (Ogden et al., 2014a,b), fish (Ault et al., 2014), oysters (Volety et 

al., 2014), seagrass (Madden et al., 2009), and the Water Column (Kelble et al., In 

Prep). Although beyond the scope of the MARES project, further efforts can incorporate 

these indicators into ecosystem report cards that document trajectories towards (or 

away from) a sustainable condition that delivers the desired levels of ecosystem 

services.  

 



 

77 

Risk Analysis 

Risk analysis using the conceptual models developed during MARES and 

participant input are described in detail in Cook et al. (2014). Participant opinion 

gathered during a workshop resulted in fish and shellfish, protected species, and marine 

birds ranking as the most at risk of the ecosystem states. The highest ranked pressures 

that contributed to the largest degradation of ecosystem services were freshwater 

delivery, temperature effects of climate change, and impacts of climate change on 

weather. The most at risk ecosystem services were existence of a natural system, 

pristine wilderness experience, and non-extractive recreation. The risk analysis 

workshop results were the first quantitative assessment of the ICEM components and 

further analysis to their utility in management are being explored. 

Bayesian Belief Network 

The prototype BBN captured EBM-DPSER components using quantitative and 

qualitative information obtained during the IEA process to examine causal probabilities 

and sensitivity analysis among selected components. Overall, more intense climate 

impacts resulted in lower quality coral reef and hardbottom aesthetics. For periods with 

more intense climate impacts, the probabilities of “aesthetics” being high quality was 

22.5%, and low quality 77.5%, and for periods with lower climate change impacts, 

probabilities for high quality were 50.4%, and low quality were 49.6%. Sensitivity 

analysis showed that the nodes with the most influence on the “aesthetics” outcome 

were parent nodes: diversity, resilience, reef structure and the grouping of species 

abundance, spatial extent and distribution (Table 3-5). For high climate change impacts 

the probabilities for the state indicator “growth, survival, reproduction, recruitment” being 

were good 1.26%, moderate 39.7%, and low 59% showing low coral health and growth 
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in these conditions. For periods with less climate change impacts, the probabilities for 

this indicator changed to good 12.1%, moderate 71.7%, and low 16.2% validating reef 

conditions would be better during times with less climate impacts. Sensitivity analysis 

for both high and low climate impacts showed that child nodes within the state element 

of the CEM had the most influence on this indicator: reef structure, species abundance, 

extent and distribution, aesthetics, diversity, resilience and bleaching (Table3- 6). In 

general, the network validated MARES discussions about climate influencing ecosystem 

attributes that people care about, the limitations of management responses to the global 

climate change driver, and the network provided numeric values to evaluate indicators. 

Ten individuals responsible for resource management or supporting management 

decisions viewed the tool and most expressed interested in continuing to build and 

refine the network, because they felt it could help inform their decisions. This is 

evidence that the BBN can be used for further stakeholder discussions and evaluating 

scenarios to transfer scientific knowledge into management.  

Communications 

Thirty-five science communications were produced to document and synthesize 

information for managers and stakeholders (Table 3-4), and numerous information 

exchanges took place in the form of workshops, meetings, writing sessions, electronic 

exchanges, and conversations over the four-year project period. Six conceptual 

diagrams, 3 ICEMS, 19 state CEMS, greater than 50 indicators, 20 indices, and one risk 

analysis were completed with input from 124 participants, many of those repeatedly 

engaged in workshops and writing activities. 
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The IEA process resulted in the formation of an informal social network of 

scientists, resource managers, and interested parties located throughout South Florida 

that is used to exchange information and promote the use of science to inform decision 

making. While no formal evaluation was performed to document the utility of the 

different communication strategies, observations by staff made during workshop 

participation, information requests, and project partner feedback reflected positively on 

the outputs. The website had 2582 visits from 17 November 2011 to 17April 2013. The 

Facebook page had 658 ‘likes’ from 4 March 2012 to 20 April 2013. The greatest use of 

the Facebook page occurred prior to workshops and when preliminary findings were 

posted. The blog also experienced highest usage prior to workshops, meetings and 

project team updates and had 1939 visits from 29 March 2012 to 18 April 2013 (Table 

3-4). 

Discussion 

MARES was a resource intensive four-year project that made significant 

progress toward implementing an IEA in South Florida.  However, this IEA still has not 

assessed the current status of the ecosystem to determine if it is sustainable and 

delivering desired levels of ecosystem services and has yet to fully evaluate 

management scenarios. Thus, it has yet to complete a single iteration of the IEA 

framework and as such is still in its infancy. The scoping, indicator development, and 

risk analysis represent a consensus developed from participant opinion, resource 

managers, and NGOs accomplishing one of MARES primary objectives. While this 

effort was comprehensive and inclusive, it forms only the beginning of an adaptive 

process necessary to provide the scientific support for EBM of South Florida’s coastal 

and marine system. Despite being in its infancy, the south Florida IEA process has 
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already begun to increase the use of science by resource managers. It has increased 

communication between scientists, NGOs, and resource managers as exemplified by 

the development of consensus conceptual diagrams, models, and indicators. Moreover, 

the risk analysis and BBN were both developed in close partnership with the resource 

management agencies, which had input on the design, hypotheses, and implementation 

from their conception to their completion in hopes that this would increase their utility to 

relevant resource management decision makers.   

At this stage, monitoring and integrative tools emerge to inform, challenge and 

adapt the current system understanding into adaptive and responsive management 

options. Following with our example BBN, scenarios were used for illustrative purposes 

to show how the network can provide useful opportunities for further dialogue and to 

evaluate potential future scenarios including pending management decisions. The BBN 

demonstrated that even with simplistic yet plausible initial data, the results of the 

network model are consistent with our scientific understanding and help spotlight 

relationships and potential challenges in adaptive management.  

The proof of concept BBN proved useful in examining the ICEM components in 

an iterative format and assessing management interventions in an adaptive capacity. 

The network lacked any new information or insights compared to the ICEM from which it 

was designed and should be taken into considered when reviewing the results. Further 

exploration of the BBN as a tool for transferring science to management is warranted to 

identify the value of BBNs as a tool for transferring science to resource managers. It is 

unclear if other scenario evaluation tools could further the IEA process since this was 

the only method used during the MARES project. However, the network shows promise 

as a method to assimilate and address uncertainties in environmental decision making, 
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screen management or policy options, and identify knowledge gaps as described by 

Cain (2001). The South Florida IEA network developed by MARES was essential to 

successfully testing 1) if a BBN could be designed from the ICEMs, and 2) the utility of 

the model for endusers. This preliminary BBN met the categories of evaluation criteria 

developed by Lynam et al. (2007) which state “the tool must 1) support communication 

and learning between the insiders and outsiders who are using the tools; 2) be 

adaptable for implementation in various decision-making contexts for use by diverse 

users, including those at the local level; and 3) produce data and information that are 

useful and valid as a basis for decision-making or can be used for further analyses.”  

The results of the experimental BBN showed that little could be done to improve 

reef aesthetics as a result of intense climate impacts. The sensitivity analyses 

performed helped identify factors that may be most useful to managers in deciding what 

action to take to reduce or enhance the aesthetics of coral reefs and hardbottom in 

southeast Florida. In addition, the network can be used to test indicators to determine 

which indicators are more sensitive in assessing the aesthetics of the ecosystem. These 

concepts can be further explored by manipulating the structure of the prototype BBN, for 

example, management interventions might link directly to multiple drivers, pressures, 

and states, and expanding the BBN to include the human population elements of the 

coral and hardbottom CEM. 

MARES provided several new insights for organizing and implementing long-term 

ecosystem management activities and IEAs. The participatory consultative approach 

was successful in catalyzing new ideas for research, monitoring, and management 

actions that emphasize human dimensions science, including well-being (Loomis and 

Paterson, 2014). Input from knowledge actors (e.g., researchers, planners, and 
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managers) was instrumental in all aspects of the project and their commitment to 

participate in the multi-year effort critical to the success of the IEA. The process helped 

develop new products, such as diagrams of the South Florida ecosystem that assist in 

conveying information about the form and function of the environment. These concepts 

can be used to develop new ways of managing that truly incorporate stronger 

integration of biophysical and human dimensions science. Lastly, the development of a 

coordinated network of resource managers, scientists, and NGOs that have developed 

a consensus on ecosystem structure and function cannot be overstated. This network 

has already shown an increased ability to transfer scientific knowledge to management 

as demonstrated by the BBN described herein, and other related efforts described by 

Elmer and Riegl (2014) and Cook et al. (2014).  The development of additional 

communications in MARES to help transfer this knowledge to management improved 

the utility of IEA products and has resulted in the use of IEA products in ongoing 

management activities, such as a scoping exercise for southeast Florida and science 

communications in the Florida Keys and southwest Florida. Additional insights from the 

project included the following: 

Plan for evaluation. Print, Internet, and information exchanges in general 

appear to be valuable to the multitude of managers involved in the project, but reporting 

for these was not consistent. Understanding how effective these products are is difficult 

without conducting a formal needs assessment that includes an evaluation method at 

the beginning of the project (NOAA/CSC, 2003 and 2009; Witkin and Altschuld, 1995). 

This process aids in explicitly identifying a target audience and their needs, and a 

process to evaluate measurable outcomes of the effort. 
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Build upon existing networks. Informal communications are difficult to 

evaluate, but often are critical in building a network of partners who work together to 

achieve a common goal.  The South Florida IEA project is no exception to this concept. 

In 1993, a regional water monitoring and management initiative began and in part, 

evolved into a larger ecosystem restoration effort that included frequent interactions 

among researchers and managers attending workshops and meetings. The network of 

individuals formed over the past 20 years appears to foster a level of respect or trust for 

colleagues with a common interest in South Florida’s ecosystem that benefitted the 

MARES project.  

Plan for Adaptation. Wicked environmental problems are complex, and often 

require complex solutions (Churchman, 1967; Rittle and Webber, 1973; Xiang, 2013). 

The solutions are often adaptive as new information is added into the decision-making 

process. Fluidity in project planning must be recognized and accounted for in the 

adaptive process.  

Pictures tell stories. Conceptual diagrams proved useful in synthesizing 

science into a visual format for multiple purposes. The process of developing the 

conceptual diagrams resulted in shared vision with participants coalescing around one 

easy-to-interpret representation of a complex ecosystem. Use of diagrams in 

presentations, print materials, and the number of requests to obtain images exceeded 

that of any other products from the project. 

Consensus building helps explore new ideas and concepts in a safe place. 

Participants with varied backgrounds observed and discussed the cause-and-effect 

relationships found in the ecosystem during several steps in the IEA process. The result 

was the development of a single document synthesizing the environment using the 
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Driver, Pressure, State, Ecosystem Services, and Response for the ecosystem, and 19 

state ecological submodels (Nuttle and Fletcher, 2013a, b, c). Workshop discussions of 

human dimensions science, especially the non-economic values, brought to the 

forefront a realization that a broader view of this field of science was necessary in the 

project, and a work group was created to further this element of the project.  

Integrative tools are required to move forward. Goldston (2009) states that 

science is one factor in the decision-making process, noting that typically, the problem 

is not a lack of information, rather difficulty in separating the policy questions from the 

science questions, and the interplay of values and risk in decision making. BBNs were 

helpful in integrating ICEM components. The ability to build a network with qualitative 

and quantitative information is useful to begin adaptive management discussions and to 

explore optimal management responses. The BBN is a promising decision support tool 

that will be expanded for further analysis and use in the IEA process. 

Implications 

The IEA process used in South Florida was helpful in framing the interconnected 

multidisciplinary components of the system. The use of tools, such as the conceptual 

diagrams in building consensus and describing the ecosystem to non-technical 

audiences and BBN management alternatives, can be helpful in engaging the 

management community and stakeholders in the EBM discussion. The IEA process is 

useful and all three parts: people, process and tools, needs consideration, this effort 

supported the importance of consensus-building process to truly implement the EBM 

science into decision-making (Kiker et al., 2005).  
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The IEA process was successful in building consensus focused on a 

comprehensive synthesis of the regional marine and coastal ecosystem as well as in 

contributing to the transfer of science to a variety of target audiences including 

managers as evidenced by the vast array of products produced and the number of 

visitations to project websites. While there was no single decision-making outcome that 

was directly attributable to the project, several benefits were identified by participants: a 

foundation to incorporate marine and coastal elements into regional restoration and a 

larger ecosystem assessment; the importance of a consensus-based approach to 

integrate human dimensions science in what many consider ecologically-focused 

projects; and, it forged relationships to include complex, multivariate results into the 

decision making process among multi-agency, non-profit, and academic institutions in 

the region. In addition, an informal EBM-IEA network was created and was valuable to 

obtain feedback on the needs and uses of ecosystem information by managers. The 

EBM-IEA foundation and MARES network continues as part of the Gulf of Mexico IEA 

and management planning. 
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Figure 3-1. The South Florida IEA is comprised of the Marine and Estuarine Goal 

Setting for South Florida (MARES) project domain. It encompasses the 
marine and coastal components of the southern tip of the Florida peninsula.  
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Figure 3-2. South Florida IEA process and products. Project participants, staff and representatives from regional 

academic, government, and non-governmental offices, engaged in scoping, indicator development, and risk 
assessment activities.  Throughout the process, multiple streams of communications were developed to 
transfer information to managers and stakeholders.  
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Figure 3-3 During a scoping exercise, workshop participants sketched their view of the ecosystem, reviewed the drawings, 

and then staff recreated the sketch in Adobe Illustrator software for inclusion in reports and project 
communications. 
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Figure 3-4. ICEMs are based on the DPSER framework which describes the ecosystem 

in terms Drivers, Pressures, State, Ecosystem Services, and Response 
(Kelble et al., 2013).  
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Figure 3-5. Water Quality Integrated Conceptual Ecological Submodel developed to 
capture the details of the drivers, pressures, ecosystem services, and 
responses in the ecosystem (Nuttle and Fletcher, 2013a, b, c). The figure 
illustrates the interconnectedness of the ecosystem and humans as a part of 
it. Expert opinion was used to develop a diagram representing the ecosystem 
form and function during workshops.  
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Figure 3-6. Climate change impacts of the coral reef and hardbottom habitats of the 

Southeast Florida Coast Conceptual Ecological Model, highlighted here in 
yellow, were used to create the Bayesian Belief Network (see Figure 3-7). 
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Figure 3-7. Bayesian Belief Networks are used to incorporate stakeholder knowledge, values, and preferences in the 

decision making process. An example was developed to test the utility for applying this method to complement 
the South Florida IEA process. Climate change impacts to coral reefs and hardbottom habitats were drawn from 
the Conceptual Ecological Model for the Southeast Florida Coast subregion (see Figure 3-6). Drivers, 
pressures, states, attributes that people care about and management responses were incorporated into the 
network to illustrate the potential to create and use these networks to test climate impacts and management 
interventions. 
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Table 3-1. Criteria to guide development of indicators from attributes that we can 
measure.  

Primary Criteria 
1. Does the indicator provide an integrative measure of the overall status of the ecosystem or of essential ecosystem 
structures, functions or processes? (Doren et al. 2009, Dale & Beyeler 2001, Luckey 2002)  
2. Does the indicator relate to ecosystem service(s)? (modified from Feld et al. 2009)  
3. Is the indicator relevant to management goal(s)? (Bradley et al. 2010)  
4. Is the indicator sensitive to system Drivers and Pressures? (Doren et al. 2009, Dale & Beyeler 2001, ICES 2002)  
 
Data/Analysis Criteria  
5. Is the indicator based upon data that can be generated with accuracy and precision relatively easily and for which 
there is sufficient existing data to evaluate change going forward? (Doren et al. 2009, ICES 2002, Dale & Beyeler 
2001, Rice & Rochet 2005)  
6. Is it possible to predict how the indicator will respond to changes in the ecosystem (including societal changes) 
over management-relevant time scales? (Feld et al. 2009, Dale & Beyeler 2001)  
7. Does the indicator have a response that is easily detectable above the background variability to make it useful in 
measuring response to management actions or a change in a Pressure that may or may not be a result of 
management action(s)? (This also means the response signal should be attributable to a change in management or 
pressure.) (ICES 2002, Bradley et al. 2010)  
 
Communication  
8. Is the indicator understood by managers and the public? (Rice & Rochet 2005)  
9. Does the indicator respond to stress earlier than the rest of the system (i.e. is it a leading indicator?)? (Dale & 
Beyeler 2001)  
10. How long will it take for the indicator to show a response to possible management actions? (Dale & Beyeler 2001)  
11. Has the indicator been employed effectively either in south Florida or elsewhere? (NRC 2000) 
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Table 3-2. Prototype BBN indicators, units, and states for the southeast Florida coral 
reef and hardbottom conceptual ecological model. 

Node Indicator Unit State Reference 
Storms_LowPressureSystems Number of storm 

events per year 
based on 
average from 
1996-2009 

Number of 
storms  

13+ 

12 

<=11 

NOAA, 2013; 

Neuman et al. 
1999; Nuttle 
and Fletcher, 
2012c 

ClimateChange Presence or 
absence of 
climate change 
impacts 

qualitative High 

Low 

 

Sea level rise Sea level based 
on 2010 regional 
assessment and 
projections for 
2030 and 2060 

inches 0 to 2 

3 to 7 

9 to 24 

SFRCCC, 2007 

DepthDistributionChange Incremental 
change based on 
current sea level 
and 
presence/absenc
e of stony corals 

qualitative Weak 
incremental 
change 
Moderate 
incremental 
change 
Strong 
incremental 
change 

Riegl et al., 
2012 

pH_AragoniteSaturationState Saturation state 
of aragonite 
(carbonate 
mineral) in 
seawater tied to 
rates of 
calcification 
based on level of 
pH of oceans 
caused by uptake 
of anthropogenic 
CO2 from 
atmosphere 

Qualitative 
(state) 

No growth 
(No 
available 0 
to 2) 
Same rate 
as today (3 
to 4) 
Faster 
growth rate 
(aragonite 
available 
(5+)) 

Kleypas et al., 
1999; Langdon, 
2012 

Temperature Survival 
temperature 
thresholds for 
staghorn coral 
(Acropora 
cervicornis) 

°F 0 to 56 

57 to 98 

99+ 

Shinn, 2012; 
Mayor, 1914 
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Table 3-2. continued 
Node Indicator Unit State Reference 
PhysicalDamage Based on the 

extent of damage 
caused by natural 
(storms) or 
human (boats) 
activities 

qualitative High-impact 
reef 
structure 
Moderate-
mix of Little 
and High 
Little-
superficial 

Ault et al., 
1997; 
Chiappone et 

al., 2005; 
Lirman et al., 
2010; Riegl et 

al., 2013 

Light_Attenuation_Turbidity Based on clear, 
turbid free water 
allowing light to 
penetrate to 
depth for coral 
growth 

qualitative Good 
Bad 

Dodge and 
Aller, 1974; 
Dodge et al., 
1974; Riegl et 

al., 2013 

Salinity Average 
seawater content 
(36ppt) and stony 
coral thresholds  

ppt 0 to 20 

25 to 40 

40+ 

Edmondson, 
1928; Jokiel 
and Coles, 
1977; Rigel, et 

al. 2013 

Bleaching Presence or 
absence of 
bleaching, 
expulsion of 
symbiotic 
dinoflagellates 
caused by warm 
or cool 
temperatures 

Boolean True 

False 

Van Oppen 
and Lough, 
2008; Riegl et 

al., 2013 

Calcification Current acidity 
rates of seawater 
and the ability of 
coral to grow 

qualitative Low 

High 

Kleypas et al., 
1999; 
Andersson et 

al., 2005; 
Cohen and 
Holcomb, 2009 
Riegl et al., 
2013 

Growth, survival, reproduction, 
recruitment 

Current baseline 
in 

Atlantic/Caribbea
n reef systems 

~3-6% 

qualitative High 

Moderate 

Low 

Riegl et al., 
2013 
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Table 3-2. continued 
Node Indicator Unit State Reference 
Management interventions Current options 

identified for 
responding to 
changes in coral 
reef and 
hardbottom 
habitats 

 Fishery 
Regulations 

Water 
Management 

Reduced Coastal 
Development 

Climate Change 
Coping Strategy 

Reef Restoration 

Invasive Species 
Management 

Lifestyle 
Response by 
Individuals 

Riegl et al., 
2013 

SpeciesAbunExtentDist Estimated 
percent cover of 
stony coral over 
southeast Florida 
substratum 

qualitative High 

Low 

Gardner et al., 
2005; Riegl et 
al., 2013 

Diversity Number of 
species/taxa and 
genetic level 

qualitative High 

Low 

Connell, 1978; 
Riegl et al., 
2013 

Resilience Ability of system 
to absorb, resist 
or recover from 
disturbances or to 
adapt to change 
while continuing 
to main essential 
functions and 
processes 

qualitative High 

Low 

Riegl et al., 
2013 
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Table 3-2.  Continued 
Node Indicator Unit State Reference 
ReefStructure Presence of 

three-dimensional 
geomorphic 
features 

Boolean True 

False 

Riegl et al., 
2013 

Aesthetics Diverse, 
productive, 
healthy coral reef 
habitats 

Qualitative High 

Low 

Riegl et al., 
2013 
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Table 3-3. Conditional probability table (CPT) for the output node “Aesthetics” in relation 
to parent nodes “SpeciesAbunExtentDist,” “Diversity,” Resilience,” and 
“ReefStructure.” 

SpeciesAbunExtentDist Diversity Resilience ReefStructure High Low 
High High High True 100 0 

High High High False 90 10 

High High Low True 90 10 

High High Low False 80 20 

High Low High True 80 20 

High Low High False 70 30 

High Low Low True 70 30 

High Low Low False 60 40 

Low High High True 40 60 

Low High High False 20 80 

Low High Low True 10 90 

Low High High Low False 5 95 

Low Low High True 5 95 

Low Low High False 5 95 

Low Low Low True 5 95 

Low Low Low False 0 100 
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Table 3-4. Science communications products developed to transfer science to 
management and to promote stakeholder engagement. 

Science 
communication 
product 

Description Usage 

1 Project brochure  Two-page overview of the 
project goals, partners, 
and process used to 
complete the effort. 
Provide project overview 
with background 
information; Reference to 
access Web page 

Observations reflect use during 
workshops and meetings in the region. 

3 Posters  
 

Themed posters 
illustrating the overall 
project, process, and 
science 

Observations reflect the posters gained 
the attention of conference participants 
and interested public; limited audience, 
but effective in establishing a presence at 
conferences and building awareness that 
led to continued interactions with projects 
outside of the geographic scope of south 
Florida; used during ecosystem 
restoration and human dimensions 
conferences helpful in the development of 
the socio-ecological element of the project 

3 Fact pages  Two-page overview with 
colorful imagery and 
limited text describing 
individual components of 
the ecosystem designed 
for use by specific 
segments of the 
management community 
and geographic scope. 

Observations reflect fact pages were 
shared (most often in electronic format) 
among the project partners with limited 
use at the time of this report. The fact 
pages in two geographic sub-regions 
could be used more frequently in the 
future as part of stakeholder engagement 
and a management plan review. 

10 White papers  Topical summaries and 
findings written in a 
standardized format 

Observations reflect white papers were 
used during workgroup sessions and as 
reference materials in preparation for 
workshops and meetings.  

3 Technical 
memorandums  
 

ICEM workshop reports Observations reflect the memorandums 
serve as reference materials in the 
decision-making process and science 
synthesis. 

15 Journal articles  Peer-reviewed 
publications authored by 
project investigator  

Under development at the time of this 
publication. Intended to be used to 
disseminate MARES findings to a broad 
audience and science managers 

Document Management 
System (DMS)  

Web-based 
clearinghouse for all 
project documents. 
Computer software to 
manage documents tied 
to project 

Used by project team to share and 
archive documents. 
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Table 3-4. Continued 
Science 
communication 
product 

Description Usage 

Website Web page (www.sofla-
mares.org) released on 
Thursday, November 17, 
2011 and revised on May 
1, 2012. 

Serves as a Web presence and resource 
to post meeting announcements and 
documentation for the worldwide 
audience. The majority of web users 
downloaded documents (Google 
Analytics, 2013). From the release date 
until April 17, 2013, the total visits to the 
page was 2,582. The majority of visits 
were from Miami, Florida USA (15%) and 
Ottawa, Canada (5%), Followed by 
Gainesville, Florida (4%), Silver Spring, 
Maryland (4%), and Tallahassee, Florida 
(3%). Those users looked on average at 
three or four pages on the website with 
77% of those visiting the home page, 
followed by 4% visiting the document 
downloads page and organization page. 

Listserv E-mail service for group 
announcements and 
exchanges:  principle 
investigators (mares_pi-
list@lists.rsmas.miami.ed
u) and interested public 
(mares-
list@lists.rsmas.miami.ed
u) 

Served as a one-way mechanism to 
deliver meeting announcements with very 
little ancillary information sharing. The 
MARES PI list contained 61 participants, 
and the MARES project list 186. All 
participants were added by request or due 
to their affiliation as a PI on the project. 
From August 5, 2009 there were 43 
Emails on the MARES PI list, and 25 on 
the general list starting on November 12, 
2009. The majority of Emails were sent by 
project leaders, with only three messages 
being sent by list members during the 
project period.   

Facebook Social media site 
released on March 4, 
2012 
(http://www.facebook.com
/South.Florida.MARES) 
Used as information 
exchange and for 
presence in social media. 
 

Initial usage reflects ‘likes’ from three 
Florida cities Miami, Fort Lauderdale, and 
Key Largo (June-July 2012), and then 
briefly changed to Miami, Florida, and two 
cities in Mexico, Ciudad Victoria, 
Tamaulipas, and Mexico City, Distrito 
Federal (July-August 2012). From August 
2012 to present, the greatest number of 
visitor home locations were Miami, Florida 
(10%), Milwaukee, Wisconsin (9%), and 
Mexico City, Distrito Federal, Mexico 
(6%). On April 20, 2013, the page had 
658 ‘likes’ and the page was most active 
between July 2012 and September 2012. 
During this time, MARES announced the 
August 22-23 manager’s workshop, 
posted preliminary results of that meeting, 
and also placed an advertisement on 
Facebook to encourage use of the site 
(Facebook Analytics, 2013).  

 
  

http://www.sofla-mares.org/
http://www.sofla-mares.org/
mailto:mares_pi-list@lists.rsmas.miami.edu
mailto:mares_pi-list@lists.rsmas.miami.edu
mailto:mares_pi-list@lists.rsmas.miami.edu
mailto:mares-list@lists.rsmas.miami.edu
mailto:mares-list@lists.rsmas.miami.edu
mailto:mares-list@lists.rsmas.miami.edu
http://www.facebook.com/South.Florida.MARES
http://www.facebook.com/South.Florida.MARES
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Table 3-4. Continued 
Science 
communication 
product 

Description Usage 

Blog Social media site 
released on March 29, 
2012 and is revised 
frequently with updated 
reports, diagrams, and 
summaries. 
(http://www.maresblog.or
g/) 
Created to foster further 
online communications 
and interactions among 
interested groups and 
individual viewers. 
 

The majority of users visited pages with 
project documents (Google Analytics, 
2013). From the release date until April 
18, 2013, the total visits to the page was 
1,939. The majority of visits were from 
Ottawa, Canada (8%), Gainesville, 
Florida, USA (8%) and Miami, Florida 
USA (7%). Those users looked on 
average at one to two pages on the blog 
with 52% of those visiting the blog 
entering via the main page, followed by 
8% visiting the Florida Keys/Dry Tortugas 
Integrated Ecological Model page, 7% 
visiting workshop read ahead materials 
(Everglades National Park meeting), and 
6% viewing the introduction to the 
MARES project page. The highest use 
days (page views) occurred prior to 
MARES workshops and meetings, and 
project team update announcements to 
‘check the blog.’ 

 

http://www.maresblog.org/
http://www.maresblog.org/


 

102 

Table 3-5. Proof of concept BBN sensitivity analysis results “Aesthestics” node based 
on scenarios using high and low “ClimateChange,” many and few 
“Storms_LowPressureSystem,” and reef restoration 
“Intervention_Mgnt_Response” based on Figure 3-7. The nodes are listed as 
a percent value in order of greatest to least influence on “aesthetics” with high 
climate impacts (left column) and low climate impacts (right column). 

Node % Node % 
SpeciesAbundExtentDist 61.1 GrowthSurvivalRepro 49.1 
GrowthSurvivalRepro 48.5 Diversity 28.6 
Diversity 22.6 ReefStructure 12.9 
ReefStructure 21.9 Bleaching 9.8 
Resilience 19.1 Resilience 9.36 
Bleaching 5.35 Temperature_Staghorn 3.66 
Temperature_Staghorn 3.13 DepthDistributionChange 2.78 
Salinity 1.14 Light_Attenuation_Turbidity 0.567 
DepthDistributionChange 0.77 SeaLevelRise 0.156 
Light_Attenuation_Turbidity 0.1 PhysicalDamage 0.135 
SeaLevelRise 0.08 Calcification 0.0977 
PhysicalDamage 0.007 pH_AragoniteSaturation 0.000137 
Calcification 0.003 SeaLevelRise 0 
Interventions_Mgnt 0 ClimateChange 0 
Storms_LowPressureSys 0 Storms_LowPressureSystems 0 
pH_AragoniteSaturation 0 Temperature_Staghorn 0 
ClimateChange 0 Interventions_Mgnt 0 
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Table 3-6. Proof of concept BBN sensitivity analysis results 
“GrowthSurvivalReproRecruitment” node based on scenarios using high and 
low “ClimateChange,” many and few “Storms_LowPressureSystem,” and reef 
restoration “Intervention_Mgnt_Response” based on Figure 3-7. The nodes 
are listed as a percent value in order of greatest to least influence on 
“GrowthSurvivalReproRecruitment” with high climate impacts (left column) 
and low climate impacts (right column). 

Node % Node % 
ReefStructure 40.4 ReefStructure 26 
SpeciesAbunExtentDist 40.4 SpeciesAbunExtentDist 26 
Aesthetics 35.2 Aesthetics 25.1 
Diversity 32.8 Diversity 24.8 
Resilience 32.8 Resilience 24.8 
Bleaching 9.4 Bleaching 9.32 
Temperature_Staghorn 5.45 Salinity 7.2 
Salinity 2.01 DepthDistributionChange 1.7 
DepthDistributionChange 1.55 Light_Attenuation_Turbidity 0.5 
Light_Attenuation_Turbidity 0.17 PhysicalDamage 0.48 
SeaLevelRise 0.13 Calcification 0.3 
PhysicalDamage 0.01 pH_AragoniteSaturation 0.0004 
Calcification 0.01 Temperature_Staghorn 0 
Interventions_Mgnt 0.007 SeaLevelRise 0 
Storms_LowPressureSys 0 Interventions_Mgnt 0 
pH_AragoniteSaturation 0 Storms_LowPressureSys 0 
ClimateChange 0 ClimateChange 0 
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CHAPTER 4 
CONSTRUCTING DECISION SUPPORT TOOLS  

TO IMPROVE CORAL REEF ECOSYSTEM MANAGEMENT 

Introduction 

Coral reefs worldwide are in decline and impacts to these ecosystems associated 

with climate change have been well documented (Baker et al., 2008; Carpenter et al., 

2008; Collier et al. 2008; Cook et al., 2014; Donahue et al., 2008; Hoegh-Guldberg et 

al., 2007; Keller, et al., 2009; Lirman et al., 2014; Marshall and Schuttenberg, 2006; 

Wilkinson, 2000). In the Florida Keys, coastal and coral reef ecosystems have seen 

declining water quality indicators since the establishment of the Florida Keys National 

Marine Sanctuary (FKNMS) in 1990 (NOAA, 1996). Subsequently, the Water Quality 

Protection Program in the Keys was created in 1994 along with an action plan in 1996 

(EPA, 1996; EPA, 1999). In 2002, the FKNMS established a conceptual model and 

science plan to identify major information gaps and to formulate adequate management 

responses to external stresses of their coral reef ecosystems (FKNMS, 2002).  

Additionally, Keller and Causey (2005) highlighted the importance and connectivity of 

the human and biophysical systems in managing the FKNMS alongside land-based 

activities in the adjacent watershed. In 2008, Donahue et al. wrote the state of the coral 

reef ecosystem of the Florida Keys and in 2011 the Office of National Marine 

Sanctuaries produced condition reports calling for an ecosystem approach to manage 

marine and coastal resources (Donahue et al., 2008; ONMS 2011). 

EBM is one strategy to integrate and balance the varied biophysical, institutional, 

and human dimensions of an ecosystem in a holistic manner in order to sustain or 

improve resources (Christensen et al., 996; McCleod et al., 2005; Slocombe, 1993b; 

___________ 
Reprinted with permission from Fletcher, PJ, Li, Y, Kiker, G. submitted. 

Constructing decision support tools to improve coral reef ecosystem management. 
Ecology and Society. 
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Szaro et al.,1998). IEAs are one method to achieve EBM. In 2009, a South Florida IEA 

began to formalize through the Marine and Estuarine Goal Setting for South Florida 

project (Fletcher et al., 2014; Nuttle and Fletcher 2013a, b, c; Ortner et al., 2014). Over 

124 stakeholders contributed to a four-year effort to identify, integrate, and synthesize 

the complexities of the South Florida marine and coastal environment resulting in the 

first comprehensive assessment of the total South Florida coastal marine ecosystem 

that incorporates socio-ecological science with emphasis on ecosystem services that 

benefit the ecosystem and the humans living in the region. Project summary reports 

emphasize the significance of the socio-ecological ecosystem to the local and regional 

economies, notably, the $2.2 billion tied to coastal recreation in Monroe County (Florida 

Keys) and the FKNMS, as well as $8.5 billion asset value from reef visitation in 

southeast Florida (Johns et al., 2001; Leeworthy and Ehler, 2010a, 2010b). However, 

even with these significant economic benefits, few interdisciplinary decision support 

tools exist to aid decision makers and stakeholders in planning for and responding to 

the pressures affecting these ecosystems. Decision support has expanded to include 

both computational and social constructs to aid interested managers and stakeholders 

in deciphering uncertain information within diverse scientific disciplines (Fletcher et al., 

in prep.).  

BBNs are one decision support tool that shows promise for integrating 

multidisciplinary science, uncertainty, and where information is lacking (Lynam et al., 

2003 Lynam et al., 2007; Martin et al., 2012; McCann et al., 2006; Nyberg et al., 2006; 

van Dam et al., 2013). BBNs are probabilistic models that aid in structuring a decision 

problem using the best available science and stakeholder knowledge. The BBN model 

is a visual, transparent representation of an ecosystem using quantitative and/or 

qualitative information. The process relies on participatory decision support to achieve 
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consensus, and perhaps more importantly, identify areas of convergence and 

divergence in stakeholder opinions within the decision-making process (Cain et al., 

1999; Heckerman, 1996; Kelly et al., 2013; Lynam et al, 2003 Lynam, et al., 2007 

Nyberg et al., 2006; Uusitalo, 2007).  

BBNs are one method to assimilate and address uncertainties in environmental 

decision making, seek alternative management options, and identify knowledge gaps as 

described by Cain (2001). The BBN process reveals that stakeholder engagement can 

be equally as important as the model building and that collective learning is critical in 

managing natural resources (Lynam et al., 2003). Cain’s (2001) 12-step methodology 

emphasizes stakeholder participation for building BBNs as outlined in his guidebook 

illustrating that engagement efforts are a necessary component of developing a decision 

support tool. Lynam et al. (2003, pg.57) stated the “most important lesson was the 

development of a common understanding of a problem.” Emphasis is placed on the 

importance of stakeholder engagement and the value of developing a model alongside 

practitioners. The utility of BBNs in creating transparent networks with explicit strength 

or weaknesses presents a useful tool for socio-ecological resource management. The 

transparency allows end-users to interpret uncertain and certain information and to 

evaluate scenarios and management alternatives in a safe place. In this way, we begin 

to see the value of BBNs as a tool to guide discussions for participatory decision 

support in complex socio-ecological systems. 

This chapter describes our experience with developing Bayesian networks in the 

context of improving the understanding of the coral reef ecosystems in a changing 

climate for informed decision making. Accordingly the paper addresses the following 

objectives: 

-  Describe the steps taken to develop and test two BBNS 
-  Animate and assess the utility of BBNs to for use in decision making  
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-  Summarize stakeholder opinions for using the BBNs 
 
Consequently, this chapter is divided into three parts showing the methodology 

used to address the objectives, a results section to highlight important features that 

emerged from the cooperative effort, and a discussion section summarizes the results 

and lessons learnt in ecosystem based management. 

Materials and Methods 

Two BBNs were constructed using a combination of processes and procedures 

outlined in Cain (2001) and Chen and Pollino (2012). One network was an ecosystem-

scale model and the other a habitat-scale network. Participatory decision support was 

used to design and test the prototype models. The networks integrated the knowledge 

of experts and end-users resulting in a product that was designed both by and for 

managers to use in a decision making realm. The process spanned from September 

2009 to February 2014 with input from 213 resource managers, researchers, 

academics, non-governmental organizations, and agency staff at the local, state, and 

federal level working in South Florida. The project consisted of three phases: defining 

the problem statement, constructing the prototype models, and consultation with 

stakeholders to assess the utility of the model. 

Defining the Problem Statement 

The first step in the construction of the BBNs was to identify a problem statement 

that would guide the development of the network structure. This initial stage was 

achieved by bringing varied stakeholders together in a variety of formats (e.g., 

workshops, meetings, conferences, etc.) for the purpose of characterizing the 

ecosystem and identify drivers and pressures impacting the system (Fletcher et al., 

2014). Forty-four participants attended a facilitated workshop held in Fort Lauderdale, 

Florida on March 29-30, 2011 to develop a framework for identifying the defining 
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characteristics of a sustainable southeast Florida coastal ecosystem, sources of change 

impacting the ecosystem, key attributes of the ecosystem, ecosystem services, and 

management responses (Nuttle and Fletcher, 2013c). Agency perspectives and goals 

were presented to illustrate the varied mandates and interests of each of the entities 

involved in the regional management effort (Table 4-1) (Mitchell, 2011). Participants 

also reviewed a modified a preliminary list of impacts defined as categories that affect 

the health or condition of South Florida’s socio-ecological system and described those 

categories further to include variables to monitor changes in the system (Table 4-2). 

This information was used to develop a characterization of the ecosystem.  

Participants comprised of scientists, managers, and decision makers used the 

Ecosystem-Based Management Drivers-Pressures-Stressors-Ecosystem Services-

Response (EBM-DPSER) framework described by Keble et al. (2013) to construct an 

integrated conceptual ecosystem model (ICEM) (Figure 4-1). The collective knowledge 

of the participants was captured, and later refined through follow up meetings and 

document review (Nuttle and Fletcher, 2013c). The resulting ICEM was used to 

assemble more detailed conceptual ecological models (CEMs) of the state of the 

ecosystem (e.g. water column, fish and shellfish, and marine dependent people) and 

habitats (e.g., mangroves, seagrasses, beaches, coral and hardbottom). These models 

depicted physical processes, impacts, and characteristics of the ecosystem. Over the 

next two years, individuals from the workshop volunteered or were selected to work in 

small writing teams comprised of experts in their respective fields of science. 

Participants used an iterative process intended to foster a continuum of learning, with 

each meeting or workshop building upon the previous to obtain an improved 

understanding of South Florida’s socio-ecological system (Hungerford and Volk, 1990).  

Authors developed problem statements as drivers or mechanisms of change to the state 
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of the ecosystem habitat and ecosystem services using the ICEMs (Ault et al., 2013; 

Browder et al., 2013; Carsey, 2013; Lorenz, 2013; Marshall and Banks, 2013; Riegl et 

al., 2013).   

Constructing Preliminary Networks 

Netica software was used to construct decision problems for two BBNs, one 

being an ecosystem-scale network and the other a habitat-scale network (Norsys, 

2014). The networks consisted of nodes, links and Conditional Probability Tables 

(CPTs). Nodes described ecosystem variables (e.g., seagrasses, beaches, mangroves) 

and had descriptive (e.g., good/bad) or quantitative states (e.g., 0 to 56 degrees, 57 to 

98 degrees, 99+ degrees) as defined by coral reef scientists or managers. Links were 

drawn between nodes and showed the cause and effect parent-child relationships 

between nodes flowing from a parent to a child (Cain et al., 1999). CPTs are matrices 

populated with values defining the parent-child relationship as a percentage of the 

likelihood of a specified outcome, or probability that an event will occur. The 

probabilities were based on posterior knowledge, or knowledge gained from past events 

and experiences that comprise the Bayes belief system (Bayes, 1763). For example, 

the probability there was a degraded marine ecosystem given declining water quality 

and a set of pressures ranging from climate impacts to physical damage caused by 

coastal construction could be higher, or closer to 100% as estimated through published 

literature or expert judgment. Likewise, if there were water quality improvements and 

reduced pressures from climate or physical damage the probability that the marine 

ecosystem was degraded could be lower, or closer to 0%. The belief system simply 

stated is the likelihood of an event occurring based on ones prior experiences. This can 

be used to explore scenarios when dealing with uncertainty or where there is a lack of 

data (Castelletti and Soncini-Sessa, 2007; Kelly et al., 2013; van Dam et al., 2013). 
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Ecosystem-scale BBN 

The ecosystem-scale prototype BBN was constructed using 19 nodes and 30 

links following the structure of the southeast Florida coastal ecosystem ICEM with the 

addition of three nodes representing index values for habitats and states in the model 

(Figure 4-2) (Nuttle and Fletcher, 2014c). The addition of the three index nodes was 

made to simplify the network in preparation for assigning probability values in the CPTs 

and to more appropriately address stakeholder needs (Cain, 2001; Chen and Pollino, 

2012). The ICEM components and three new indices were represented in the Netica 

software as nodes and each one defined using the descriptions developed in the ICEM 

process (Table 4-3). The ICEM structure was followed to illustrate the transferability of 

the ICEM to the BBN. 

The network consisted of the following nodes: Drivers, Pressures, States and 

Habitats, Desirable Ecosystem Attributes, and Management Responses. Drivers, 

located at the bottom of the model represented the biophysical, human, or institutional 

actions that caused change to the ecosystem. Pressures were the result of Drivers and 

were considered those biological, chemical, or physical processes occurring within the 

ecosystem. Responses were those management actions that could be taken to address 

changes to State (including Habitat) and Desirable Ecosystem Attributes. The States 

component of the model was modified with the addition of three nodes: Habitat Index, 

Other States Index and an overall State Index. The original nodes were “divorced” from 

linking directly to Desirable Ecosystem Attributes and were linked to the new index 

nodes (Cain, 1999). The State Index node had three child nodes: Management 

Responses, Other States, and Habitat States. The Other States node had three child 

nodes: Water Column, Fish and Shellfish, and Marine Dependent People. The parent 

Habitat States node had four children: Mangroves, Beaches, Seagrasses, and Coral 
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and Hardbottom. Management Response was a parent node to Drivers, Pressures, 

State Index and Aesthetic Environments. This was done to illustrate to the end-user 

audience the potential influence for management interventions at multiple levels (global, 

regional, local) on ICEM components.  

The new index nodes presented end-users with a “snap shot” of the conditions 

for ecosystem States and Habitat. One other modification to the ICEM consisted of 

listing each of the Desirable Ecosystem Attributes identified by workshop participants in 

March 2011 as individual nodes. This aligned with the emphasis of ecosystem services 

within the EBM-DPSER model framework, ICEM, and the ability of end-users to detect 

the significance of individual parent-child node relationships within the network. The 

Desirable Ecosystem Attributes nodes included the following ICEM components: 

Aesthetic Environments, Beach Activities, Wildlife Viewing, Fishing Opportunities, 

Boating Opportunities, and Snorkeling/Diving Opportunities.  

Nodes values assigned to the ecosystem-scale network were qualitative. Values 

consisted of the following groupings: condition improving, condition same, condition 

worse; increasing level of use, same level of use, decreasing level of use; more, same 

less; many, few; decreasing impacts, same amount, increasing impacts; or yes and no. 

The node values were structured to contain the optimal condition first (condition 

improving), the same condition second (condition same), and the declining condition 

last (condition worse). This was useful for consistently populating the CPTs later on in 

the network development with the more desirable conditions being presented at the top 

of the table and less desirable conditions at the bottom. Definitions of each node and its 

values were included in the Netica software system table properties feature to allow 

end-users a convenient way to access descriptions and intentions of the node as 
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defined during the workshop and subsequent stakeholder consultations that followed 

(Table 4-3).  

The conditional probabilities for this initial model were assigned by the network 

developer using information gathered during the EBM-DPSER project. The probability 

values were allocated using a step-wise process examining each of the parent-child 

node relationships one-by-one and assigning values using EBM-DPSER project reports 

and information obtained during workshops. The table option for each node was opened 

in the Netica software and then populated with a percent value that reflected the 

likelihood of an outcome. For example, the State Index probabilities were assigned by 

asking the following question for each parental node linked to it “what is the percent 

probability that the State Index=Condition Improving if Habitat State=conditions 

improving, Other States=condition improving, and Management Response=Yes.” The 

process continued for all entries in the table, and for every child node in the network.  

Once the CPTs were complete, three network scenarios were run to test the 

prototype model output. The automated probability inference feature in Netica software 

was used to animate the network by selecting different node values. In this case, the 

Drivers node was manipulated to reflect a value of 100% for each of the three 

conditions in the node (Decreasing Impacts, Same Amount, and Increasing Impacts). 

The Netica software performed an auto update animating the network with posterior 

beliefs and delivering the results immediately in the network visualization. 

The network was further explored by establishing two management scenarios, 

Situation A and Situation B (Table 4-6). The situations were created to test the validity 

of the network node values. Aesthetic Environments was tested by manipulating the 

values for Management Response and Drivers. The Aesthetic Environments node was 

selected because of the EBM-DPSER project emphasis to integrate human dimensions 
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science and biophysical science into ICEMs and CEMs. The ICEM project described 

Ecosystem Services within the context of those “benefits that people receive from the 

ecosystem that link people to the State of the ecosystem, through “attributes [of the 

environment] that people care about. They can be measured in a monetary, cultural, or 

social context, and the value of Ecosystem Services depends on conditions in the 

environment” (Farber et al., 2006; MEA, 2005 as referenced in Nuttle and Fletcher, 

2013c, page 25). The ICEM defined Aesthetic Environments as those things that 

“provide aesthetic quality of aquatic and terrestrial environments (visual, olfactory, and 

auditory), therapeutic benefits, pristine wilderness for future generations” (Nuttle and 

Fletcher, 2013, page 26). In Situation A, the CPT for Drivers was set to 50% for a 

Decrease or Same Amount of influence if Management Responses were set to Yes, 

and a 50% probability that Drivers will be the Same or Increase if there is No 

Management Response. The CPT for Situation B reflects relatively equal probabilities 

(33%) that there will be Decreasing, Same Amount, or Increasing impacts with a Yes or 

No Management Response. Thus, Situation A reflected a more active management 

response that positively impacted the ecosystem, and Situation B presented a 

management response that did little to address impacts to the ecosystem from Drivers. 

In the two scenarios, the Yes and No values for Management Responses node were 

manipulated to 100%. 

Four sensitivity analyses were run using Netica’s automated sensitivity to 

findings feature for Aesthetic Environments node. All other Desirable Ecosystem 

Attributes were deleted from the network to avoid influencing outputs of the analysis. 

The sensitivity analyses were set up using Situation A and Situation B that were 

developed for the management scenarios. Therefore, the BBN could be used by 

managers to identify the potential outputs for management interventions based on far-
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field drivers impacting the southeast Florida ecosystem. The Management Response 

node was set to Yes/No in Situation A and B, and the Netica automated feature for 

sensitivity to findings run for the Aesthetic Environments node. 

Habitat-scale BBN 

The habitat-scale network for coral reef and hardbottoms was constructed with 

14 nodes and 17 links (Figure 4-3). The network used only those components of the 

coral reef and hardbottom CEM related to climate impacts (Fletcher et al., 2014; Nuttle 

and Fletcher, 2013c; Riegl et al., 2013). The determination to use only climate-related 

information selected from the CEM was made based on results from the EBM-DPSER 

documentation (Riegl et al., 2013; Lirman et al., 2014) and a climate information needs 

assessment conducted with coral reef and marine resource managers in southeast 

Florida and the Florida Keys (Fletcher and Hendee, 2012). The March 2011 workshop 

and interactions with coral reef researchers were used to gather comments and 

background documentation to develop and test the network with end-users. Greater 

details concerning this testing with coral reef managers is found in Fletcher et al. (2014) 

(in preparation). 

Consulting Stakeholders to Assess the Utility of the Networks 

Stakeholder consultations were carried out to evaluate the usefulness of the 

BBNs as a decision support tool. An evaluation survey was designed and then 

administered to 11 coral reef and marine resource managers in southeast Florida. 

Analysis of the responses was completed using both percentages and a median 

response rate. 

The evaluation instrument was developed with input from a social scientist and a 

project design and evaluation specialist from the National Oceanic and Atmospheric 

Administration’s Coastal Services Center (NOAA/CSC 2003, 2009). The instrument 
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consisted of a project introduction, consent form, a five question pre-survey, a tutorial 

and exercise for using the network, and a seven question post-survey. The survey was 

designed to be administered using a consistent format to avoid biasing responses. Each 

component of the survey was completed prior to moving on to the next. 

The project introduction and consent forms were used to present background 

information and to ensure stakeholders were willing participants in this effort. The pre-

survey consisted of five questions. The first question was used to gather information 

about the decision making process at the stakeholders office. The second question 

asked the stakeholder to categorize their role(s) in coral reef and marine resource 

management to characterize their involvement in the decision process. The next three 

survey questions were identical in the pre/post survey in order to measure a before and 

after impression of the networks as a decision support tools. The questions were: 1) 

whether managers believed the BBN decision support tool would be useful for making 

management decisions related to climate impacts to marine resources and coral reef 

ecosystems; 2) whether managers would consider using BBN decision support tools 

detailing pressures and stressors to marine resources and coral reef ecosystems in 

future management decisions; and, 3) if a manager would recommend using a BBN 

decision support tool to other marine resource managers within their management 

portfolio. The responses were a 5 point scale response (1=not useful, 2…, 

3=moderately useful, 4…, 5=very useful, or 1=No, 2=Doubtful, 3=Maybe, 4=Likely, 

5=Absolutely).  

The tutorial portion of the survey was used as a guide to introduce BBNs and to 

encourage stakeholders to manipulate the prototype BBNs (Figure 4-4). A brief 

paragraph presented the BBN concept and illustrations depicted how the EBM-DPSER 

model, ICEM, and CEM were used to design the ecosystem-scale and habitat-scale 
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networks. Participants followed instructions to manipulate the node values in the 

ecosystem model to see how the network changed when probability values were 

altered. Then they followed directions to run sensitivity to findings in the habitat model. 

After the tutorial, a post-survey consisting of seven questions was administered. Three 

of the questions were identical to the pre-survey. Two questions were structured to 

conduct a long-term assessment of using the decision support tool that will be part of 

on-going research. One question asked participants to rank the degree to which the tool 

increased their knowledge about climate impacts to marine resources and coral reef 

ecosystems. The last question asked the stakeholder if they will use the tool in their 

decision making.  

The survey instrument was administered to 11 stakeholders responsible for 

managing, conducting research, or synthesizing science for management of the marine 

and coastal resources in southeast Florida between January 8, 2014 and February 25, 

2014 (Table 4-5). These individuals were identified as stakeholders through their 

involvement in one or more of the following activities : 1) the EBM-DPSER project from 

September 2009 – December 2013 (Fletcher et al., 2014; Nuttle and Fletcher, 

2013a,b,c), 2) taking part in informational conversations regarding climate information at 

natural resource and/or marine resource management offices in October 2011 (Fletcher 

and Hendee, 2012), or 3) participation in a coral reef and marine resources manager 

climate information needs assessment in November 2011 - May 2012 (Fletcher et al., in 

preparation; Fletcher and Hendee, 2012). One survey was conducted online using 

GoToMeeting software (GoToMeeting, 2014) due to travel limitations and all of the 

others were held in-person. One survey session was attended by three managers from 

the same agency and all others were conducted as one-on-ones. All of the pre-surveys 

were conducted in-person or using GoToMeeting. Four post-surveys were completed in 
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person and seven were completed after the in-person meeting, scanned, and submitted 

electronically. The survey responses were entered into a spreadsheet for analysis. 

Percentages of the frequency of the response were calculated. The median was also 

determined for each of the survey answers.   

Results 

Defining the Problem Statement 

The problem statement for the development of the BBN (Cain, 1999) was 

expressed in terms of drivers and pressures impacting the ecosystem during facilitated 

discussions at the EBM-DPSER workshop. The EBM-DPSER drivers and pressures 

that negatively impacted the southeast Florida coastal ecosystem were “far-field drivers 

[that] include global climate change and climatic extremes (e.g., sea level rise, high and 

low temperatures, storms, acidification), diseases, and invasive species” (Lirman et al, 

2014, page 58). These terms were transformed into the ICEMs and CEMs, and 

subsequently into the BBNs. The BBNs were then used to explore scenarios of far-field 

drivers on the South Florida ecosystem with results described below in this paper.  

Constructing Preliminary Networks 

The two prototype BBNs included all EBM-DPSER components with the addition 

of three index nodes (State Index, Habitat Index, and Other States) in the ecosystem-

scale ICEM, and the exclusion of all non-climate related nodes in the coral and 

hardbottom CEM. The ICEM and CEM frameworks were used in the placement of 

nodes in the Netica software with relative ease. Divorcing the State components to 

three indices was helpful for both computational purposes in the Netica software and for 

management discussions. Limiting the number of parent-child links to a single node was 

useful for CPT review and interpreting the contents of the table. Too many entries 

required additional time to assign probabilities and slowed the stakeholder consultation 
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process. Adding the three index nodes reduced the number of CPT entries and aligned 

with the concept of developing the BBNs for the stakeholder audience who were 

interested in exploring ways to assess and report ecosystem health (e.g., ecosystem 

status report or ecosystem report cards) (Loomis et al., 2014; RECOVER, 2012).  

In the ecosystem-scale model, stakeholders explored causal probabilities among 

selected components. The node Drivers was set at 100% for three different intervals 

(Decreasing Impacts, Same, Increasing Impacts) to examine changes in the Aesthetic 

Environments node (Table 4-6). In general, the results were expected with Aesthetic 

Environments having the highest probability for improving when Drivers were 

decreasing 100%, and becoming worse when Drivers were increasing 100%. One 

surprise was the Condition Same value for Same Amount (12.9) having a lower 

probability than Condition Improving (29.6). The model was revisited and CPT values 

altered to identify if there was threshold for having the Condition Same output higher 

than Condition Improving. None was observed illustrating that more weight was 

assigned to the value of nodes with Condition Improving and the cascade of impacts 

through the model. One practical consideration for the result was the lack of a time-step 

in the network and a network void to include resiliency of the States and Habitats in the 

ecosystem.  

Management scenarios were created to test the network outcomes for 

determining the influence of Management Response on Aesthetic Environments in 

relation to Drivers (Table 4-8). In Situation A, Management Responses were taken 

(Yes) and were set to influence the likelihood of Drivers having a 50% probability of 

either Decreasing Impacts or having the Same Amount of impact on the ecosystem. In 

Situation B, probabilities were set to illustrate that Management Response (Yes) had no 

significant change on the likelihood of Drivers improving or decreasing the ecosystem 
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with values for Yes/No set to 33-34% for node values. These values were set within the 

context of far-field impacts (global climate change) that managers may not be able to 

locally manage based on stakeholder input during ICEM development. Again, there was 

no surprise for Situation A where Management Interventions were set to have a 

stronger influence on the likelihood of outcomes improving or a lack there of. However, 

there was again a lower rate for Condition Same in every instance with the exception of 

a slight (0.4) increase when the Management Response No was used in Situation A. 

The more significant finding in the model is the difference in the probabilities when the 

influence of Management Responses was set to the Yes/No values with 50 or 0% for 

Situation A and 33-34% in Situation B.  Comparing the Yes Management Response 

outputs, the difference between Situation A and B is a12.3% probability that conditions 

can improve with stronger management, and a 14.8% probability that conditions will be 

worse if there is lower effort placed on management actions. Comparing the No 

Management response outputs, the difference in the Situation A and B was 7.2% 

probability that conditions will improve and a 10.6% that conditions will be worse if there 

is no management action. 

Four sensitivity analyses were run for the Aesthetics Environments node to more 

closely examine how management responses in Situation A and B influence the 

selected desirable ecosystem attribute Aesthetic Environments (Table 4-9 and 4-10).  

Three nodes consistently had the highest influence on the situations: State Index, Other 

States, and Habitat States. This was no surprise because of the parent-child 

relationship established in the network. For the same reason, the State Index had the 

highest percent influence on Aesthetic Environments. In all four analyses, the 

percentages of the Pressures, Mangroves, FishAndShellfish, WaterColumn, 

Seagrasses, CoralAndHardbottom, and Beaches were within a range of 60.9-48.4%. All 
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of these nodes with the exception of Pressures were included in the State box in the 

ICEM model and therefore in the network.  In Situation A there was a small percentage 

range (1.2%) in which these were listed. In Situation B, the range was 1.3%.  The 

inclusion of Pressures in this grouping of responses was no surprise because of the 

parent-child relation of Pressures to the three habitats.  

In all instances, the nodes with the least influence were consistently ranked in the 

following order: Drivers, MarineDependentPeople, and Management Responses. The 

Drivers node was not a surprise because of the more distant location within the network. 

MarineDependentPeople was a surprise because within the range of activities 

associated with this node there are extractive and non-extractive activities that can 

impact the aesthetic environment (e.g., physical damage caused by or biological 

impacts caused by extractive uses such as fishing). The sensitivities for these three 

nodes were lower than expected. The Management Response of a 0% value in all 

instances was unexpected. The network was further manipulated to investigate these 

results. The Management Response link to Aesthetic Environments removed and the 

sensitivity remained the same for the management intervention. Next the State Index 

CPT was reviewed to identify the strength of the Management Response in this node. 

Contained within was the justification for the low ranking of the management node. The 

probabilities assigned to the network for the indices (Habitat States and Other States) 

when there was a Yes/No Management Response were always the same. Probabilities 

were adjusted in the table and it became clear that populating the CPT for these indices 

would require more explicit instructions to improve the understanding of the topical 

focus of the ecosystem model by all stakeholders. Additionally, more detailed models 

for each habitat and state could be used to clarify the condition of the ecosystem 

component (improving, same, worse) and feed into the ICEM ecosystem model.  
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The habitat-scale network for coral reef and hardbottom habitats was developed 

using a portion of the CEM designed during the EBM-DPSER workshop in March 2011. 

Only the climate-related components were placed into the Netica software as nodes and 

followed the links depicted in the CEM. Quantitative and qualitative information was 

used to populate the network using a literature review and through expert opinion with 

coral reef researchers. In general, the network showed there would be lower quality 

coral reef and hardbottom when climate impacts were greater. Parent nodes of the coral 

Aesthetics had the highest sensitivity to findings as expected in the network. A complete 

analysis of the results can be found in Fletcher et al. (2014).  

Consulting Stakeholders to Assess the Utility of the Networks 

Overall, managers commented that the ecosystem network was intuitive and not 

very useful; however, it was a visually transparent format to comprehend the cascade of 

impacts through the ecosystem and a good introduction to BBNs. Some managers 

began to explore different components of the networks and asked for additional 

information about the network structure. They were encouraged to continue 

manipulating the network by changing values of other nodes, to examine the CPTs, and 

to use the sensitivity analysis feature of the Netica software.  

Results of the pre/post survey assessing three aspects of the BBN  using a five-

point scale and one question with a yes/no response are reported in Table 4-12. The 

median response for managers stating if decision support tools would be useful for 

making management decisions related to climate impacts to marine resources and coral 

reef ecosystems was a 4, or between 3 (moderately useful) and 5 (very useful) for both 

the pre/post surveys. The median response was 4 (likely) for the pre/post survey when 

asked if they would consider using decision support tools detailing pressures and 
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stressors to marine resources and coral reef ecosystems in future management 

decisions. The third pre/post survey question also had a consistent median, 4 (likely) 

when asked if they would recommend using a decision support tool to other marine 

resource managers within their management portfolio. The post-survey asked two 

additional questions. The median response for the degree to which the BBN tool 

increased knowledge about climate impacts to marine resources and coral reef 

ecosystems was 4 (likely). The final question asked if they believed they would use the 

BBN tool in their decision making, 9 individuals said yes, and 2 stated no. The two no 

responses were due to more accurate data being available at one individuals office, and 

the other individual stated that this type of analysis in not directly related to their work 

responsibilities. 

Implications 

Defining the Problem Statement 

The problem statement to drive the development of BBNs was defined through a 

series of facilitated workshops and exploration of the socio-ecological impacts and 

activities affecting the South Florida marine and coastal ecosystem in the EBM-DPSER 

process. The identification and definitions for the Drivers, Pressures, State (habitat), 

Ecosystem Services and Responses were necessary to obtain a clear understanding of 

the ecosystem and those factors influencing its condition. The resulting ICEM and CEM 

and supporting documentation were used to construct the BBN in Netica for further 

exploration in the decision making realm. The relative ease of using BBNs versus other 

more complex and sometimes expensive mathematical models proved useful in 

transferring the EBM-DPSER biophysical and human dimensions science to managers. 

However, the network purpose should be clearly defined (e.g., ecosystem-scale, level of 
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detail, importance of one ecological state over another) as early as possible in the 

process to ensure CPTs values are appropriately assigned. 

Constructing Preliminary Network 

Bayes Theorem when applied to a BBN contributes to decision making because 

the nodes, links and probabilities reflect a decision problem that can be examined and 

refined using expert opinion, the literature, or other inputs (e.g., model). The inputs, 

prior knowledge, become outputs, posterior knowledge and inform decision making in a 

visually transparent manner in Netica software. The BBNs helped validate opinions and 

explore management alternatives in a flexible, “group thought” mode that can validate 

collective knowledge and contribute to management strategy alternatives (Cain, 2001; 

Lynman, et al., 2003; Lynam et al., 2010; Nyberg et al., 2006; Uusitalo, 2007; van Dam 

et al., 2013).  BBN software runs more efficiently by following rules (e.g., using no more 

than 3 parent-child relationships) and should be noted that these models truly are 

simplified representations of the world that do make not make decisions themselves, but 

provide insights to the decision process and expert elicitation. While no other method 

was compared during this research, the prototype networks were developed in a two-

week period following years of ICEM and CEM development, followed by several weeks 

of stakeholder consultation and refinement.  

Conditional probabilities are useful for unraveling of the complexities associated 

with wicked environmental problems because they are good for understanding 

perceptions (inference) and adaptive learning. The conditional probabilities placed on 

the likelihood of an event occurring provide the mechanism to include uncertain 

information in the reasoning process in some form (e.g., quantitative or qualitative) 

based on prior knowledge. One important note from the test-bed of participants was the 

ability to down-scale and up-scale analysis of information to obtain a “pulse” of the 
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ecosystem and to also evaluate in more detail changes occurring within specific areas 

of the ecosystem. The relative ease of use of the BBNs, flexibility and transparency of 

the models was useful to assess risk and uncertainties tied to the results with both 

quantitative and qualitative information. The concept of managers being “the first to 

know” what is happening on the reef, or the possibility of conditions on the reef is 

invaluable (Fletcher and Hendee, 2012). 

Using Netica resulted in a limited number of variables being used, or in this case 

an “index” for variables, for example, the “State Index” representing several ecological 

states in the EBM-DPSER model. This can affect the sensitivity analysis and 

perceptions of the strength of one particular node on other, so the network must be 

designed appropriately (Lynam, 2007). In addition, the lack of a time-step to evaluate 

changes in the ecosystem was one drawback of the software. However, the software 

was helpful for addressing missing data and most importantly for visualizing the model 

outputs. Several stakeholders commented on the feature and began to explore other 

areas of the model beyond the tutorial provided. This opened the discussion of BBNs 

abilities to incorporate expert knowledge that can be combined with data when no data 

exists (Marcot et al., 2001), and the belief that the networks themselves have value in 

obtaining expert opinion, but tend to provide more accurate estimates than direct 

assessments of probabilities (Armstrong et al.,1975). 

Consulting stakeholders to assess the utility of the networks 

The research tested the utility of a decision support tool developed with 

stakeholder consultation. The project success was dependent upon the willingness of 

stakeholders to explore their role in the transfer of information to knowledge and the 

application of knowledge innovations. Stakeholders were made aware of the purpose of 
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the prototype BBN project and process and expectations that they were to contribute to 

building knowledge from information over a longer period of time. 

In summary, this research outlined the steps to build BBNs to visually and 

transparently deliver interactive ecosystem models to stakeholders. The ecosystem-

scale network consisted of a prototype for characterizing and presenting socio-

ecological components of the ecosystem to enhance stakeholder’s understanding of the 

system and adaptive management through scenarios. The coral reef ecosystem BBN 

integrated products from several research efforts to formulate a process for adaptive 

exploration of complex environmental challenges. Resource managers, many of who 

were seeing BBNs for the first time were able to animate the models and assess them 

following a short tutorial. The BBNs were also useful to explore the role of tacit 

knowledge for building a mathematical model that uses beliefs or representations of the 

world around us to frame our reasoning (Pearl and Russell, 2000). This is particularly 

useful when dealing with uncertainty in managing natural resources. The relative ease 

of using BBNs versus other more complex and sometimes expensive mathematical 

models proved useful in transferring biophysical and human dimensions science to 

managers. The stakeholder responses recorded in the pre/post surveys present the 

potential for continued development of the BBNs as decision support tools.  
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Figure 4-1. Integrated conceptual ecosystem model for the southeast Florida coastal 
ecosystem (Nuttle and Fletcher, 2013c).  
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Table 4-1. Agency perspectives and goals were identified as the first step in the 
problem statement identification to explicitly recognize the varying mandates 
and goals of each agency involved in developing the EBM-DPSER model to 
represent the south Florida marine and coastal ecosystem (Mitchell, 2011). 

Agency                                     Perspectives and Goals 

NOAA/Florida Keys 
National Marine Sanctuary  

The FKNMS has a keen interest in the MARES objectives of 
developing goals for and indicators of a restored sustainable South 
Florida coastal system.   The  Conceptual Ecological Models will be 
used to revise Sanctuary science and management plans, especially 
in expanding the scope of the Sanctuary’s science plan to more 
explicitly address external influences on the condition of Sanctuary 
resources.  

NOAA/National Marine 
Fisheries Service  

The NOAA Southeast Fisheries Science Center has particular interest 
in the total system Conceptual Ecological Model (CEM) for South 
Florida, because of its mandate to provide scientific data for the long-
term management of marine resources that utilize coastal areas as 
feeding and nursery grounds. The total system CEM, by linking fresh 
water flows,  
northern and southern estuarine ecosystems, adjacent coastal 
habitats and the South Florida shelf areas will contribute significantly 
to SEFSC’s understanding of how coastal ecosystem dynamics, 
including human influences, affect federally managed resources. 

U.S. National Park Service  The South Florida Natural Resources Center provides science 
directed toward the management needs of Everglades and Dry 
Tortugas National Parks.   The goals and Conceptual Ecological 
Models for the southwest Florida shelf and the Florida Keys/Dry 
Tortugas will be of particular interest to these Parks in refining 
resource management and science plans.  The Keys/Dry Tortugas 
workshops will provide a forum for exchange of information regarding 
the interagency NPS/FFWCC program to assess the efficacy of the 
Dry Tortugas NP Research Natural Area.  

U.S. Fish & Wildlife Service  The MARES Conceptual Ecological Models will assist the Service’s 
Coastal Program to meet its primary goal to conserve and restore 
habitat for fish and wildlife species, by assisting the Coastal Program 
in developing geographic focus areas in South Florida.  The 
establishment of feasible and quantifiable goals and targets for South 
Florida will aid the Service’s efforts in the recovery and protection of 
trust resources, including Federally-listed threatened and endangered 
species. The MARES project will benefit the Service, which is a 
CERP partner, by contributing to the refinement of CERP 
performance measures in the Southern Coastal Systems region, and 
perhaps other regions.  Also, the Service anticipates that MARES will 
help in the development of critical elements of our Strategic Habitat 
Conservation initiative. 
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Table 4-1. Continued 
Agency                                     Perspectives and Goals 

U.S. Environmental 
Protection Agency  

EPA works to ensure that environmental decision-making in South 
Florida is based upon sound science and that progress is measurable 
by producing positive environmental and/or socioeconomic 
outcomes.  Scientific findings gained through research and 
monitoring, combined with the collaborative process, increases the 
probability of reaching desirable environmental outcomes. The 
MARES Conceptual Ecological Models will be based upon current 
knowledge of the south Florida marine ecosystem and will result in an 
improvement to our understanding of the components and their 
interactions.  The manager/stakeholder workshops will help connect 
scientific findings to the user community. 

South Florida Water 
Management District  

A goal of the District is the protection and restoration of estuarine 
ecosystems along the South Florida coastline.  Environmental 
science provides a basis for defining the environmental needs of 
these systems and identifying targets for improved water 
management through actions such as the CERP and water allocation 
policies.   The MARES project is a contribution to a comprehensive 
integrated framework for evaluation of South Florida coastal systems, 
and water management effects on them.  

Florida Fish & Wildlife 
Conservation Commission  

The Florida Fish and Wildlife Conservation Commission’s mission is 
to manage Florida’s fish and wildlife resources for their long-term 
well-being and the benefit of people.  Accomplishing this mission 
requires the synthesis of the physical and natural sciences with better 
understanding of social issues combined with stakeholder 
involvement.  The MARES approach of incorporating human 
dimensions into Conceptual Ecosystem Models will be a substantial 
step forward in their usefulness as a broad-based tool for fish and 
wildlife management in south Florida. 

Florida Department of 
Environmental 
Protection/Coral Reef 
Conservation Program  

A goal of the FDEP  CRCP is to promote and contribute to the 
management of the Florida Reef Tract as a holistic system. Through 
the Southeast Florida Coral Reef Initiative (SEFCRI), FDEP CRCP is 
generating data and working with stakeholders to develop alternatives 
for the SEFCRI goal of establishing a managed area and 
management plan for northern extension of the Florida Reef Tract. 
The MARES integrated CEM, goals and indicators will support the 
implementation of these projects. 
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Table 4-2. Problem statement identification was achieved by listing categories of things 
impacting the condition of marine and coastal resources with examples of the 
variables that could be used to measure and monitor change. 

Category Variables 
Management objectives-things wish to 
affect through management resources 

Productivity, resilience, protection, 
education/research, 
aesthetics/cultural value, recreation 

Interventions-things want to implement in 
order to achieve objectives (management 
objectives) 

Climate change coping strategies, 
reduced coast impacts, water 
management, fishery harvesting 
regulations, reef restoration of 
physical damage, invasives 
management, lifestyle, response by 
individuals, artificial reef placement 
(reduced diver pressure) 

Intermediate factors-factors which link 
objectives and interventions (one-off or 
over long period of time) 

Sea-level rise-depth distribution 
change, storms-physical damage, 
temperature (coral bleaching), 
salinity, turbidity (light), pollution 

Controlling factors-factors which cannot 
be changed by intervening at the scale 
you are considering but control the 
environmental system at that scale in 
some way 

Global climate change-greenhouse 
gases (population), rainfall, economy, 
policies 

Implementation factors-factors which 
directly affect whether the intervention 
can be successfully implemented both 
immediately and in the future (depending 
on whether the intervention is 
implemented as a one-off or longer 
period) 

Research/monitoring funding, 
community support/awareness 

Additional factors- factors which are 
changed as a result of interventions that 
do not affect anything else in the 
environmental system 

Increased fish and protected species 
populations, increased opportunities 
for recreation 
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Figure 4-2. Bayesian belief network for the ecosystem-scale Integrated Conceptual Ecosystem Model for the southeast 

Florida coast (Nuttle and Fletcher, 2013c). 
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Table 4-3. Integrated conceptual ecosystem model nodes, descriptors, and values used to develop the Bayesian network 
for the southeast Florida coast. 
Node Descriptor Values 
Drivers Changes resulting from humans on the current condition of the 

ecosystem (e.g., population, waste management, water 
management, global climate change (includes sea level rise)) 

Decreasing changes 
Same amount 
Increasing changes 

Pressures Impacts from Drivers on the ecosystem (e.g., land-based sources of 
pollution, fishing, diving, coastal construction, natural phenomenon, 
lack of awareness)  

Many 
Few 

CoralAndHardbottom Represents reef and hardground ridges along SEFL coast. Consists 
of hardbottom areas, patch reefs, worm reefs that are colonized by 
octocoral, stony coral, macroalgae, and sponge assemblages. This 
area is adjacent to a densely populated area (greater Miami. 

Condition improving 
Condition same 
Condition worse 

Seagrasses Benthic areas colonized by seagrasses and macroalgae.7 Species of 
grass are found in South Florida and help support fisheries and 
maintain water quality. 

Condition improving 
Condition same 
Condition worse 

Beaches Landscapes comprised of sand located along the marine interface of 
the SEFL coast. Condition can mean areal extent, contamination, etc. 

Condition improving 
Condition same 
Condition worse 

Mangroves Landscapes comprised of one or more of the  
mangrove tree species. Condition can mean aerial extent, health. 

Condition improving 
Condition same 
Condition worse 

HabitatStates Summary node capturing the ecological state of the habitats 
identified for this model (e.g., Coral and hardbottom, Seagrasses, 
Beaches, and Mangroves)  

Condition improving 
Condition same 
Condition worse 

WaterColumn Encompasses all aspects of water quality. Physical, chemical and 
biological characteristics of the water column along the SEFC. 
Includes: suspended benthic sediment, phytoplankton, and 
zooplankton. 

Condition improving 
Condition same 
Condition worse 
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Table 4-3. Continued 
Node Descriptor Values 
FishAndShellfish Includes recreational and commercial fishing activities targeting coral 

reef and hardbottom communities. 
Condition improving 
Condition same 
Condition worse 

MarineDependentPeople The "people" part of the ecosystem comprised of three 
levels of users based on the degree to which their  
activities take place in or near the coastal marine 
environment: primary, secondary, and tertiary. 

Increasing level of use 
Same level of use 
Decreasing level of use 

OtherStates Summary node capturing ecological “state” of other components of 
the ecosystem (e.g., Water Column, Fish and Shellfish, and Marine 
Dependent People) 

Improving 
Same 
Worse 

StateIndex Represents the summary of the State conditions for 
the SEFC. Considered as the "report card" of  
the condition of the State. More detailed information about the 
“states” can be obtained by constructing a BBN for each node (e.g., 
water column and coral and hardbottom habitats). 

Condition improving 
Condition same 
Condition worse 

ManagementResponses Responses people can take related to changes in the State of the 
environment of Ecosystem Services. The SEFC workshops identified 
these as options.  
Protection: limiting use of resources through permits or existing laws 
(coral protection act)  
Research and Monitoring: study the resources (including human 
dimensions) to understand the conditions of the 
Resources Management: various management, policy, and outreach 
activities that can be used to carry out agency mandates  
Fishery Regulations: focus on fish harvesting and methods  
Hydrologic Restoration: focus on water quality and water delivery to 
coastal/marine areas  
Southeast Florida Climate Compact: focus on actions and awareness 
about the impacts of climate on resources and human activities 

Yes 
No 
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Table 4-3. Continued 
Node Descriptor Values 
AestheticEnvironments Aesthetics refer to the conditions found in the southeast coastal 

marine ecosystem. Examples consist of the clarity of the water, or 
water quality. 

Condition improving 
Condition same 
Condition worse 

BeachActivities Defined as those activities occurring on or near the beach (e.g., 
beach walking, sun bathing, fishing, wildlife viewing (birds, sea turtle 
nesting)). 

More  
Same 
Fewer 

 
WildlifeViewing Opportunities to see wildlife at the marine and coastal 

areas (e.g., manatees, sea turtles, reef fish). 
More  
Same 
Fewer 
 

FishingOpportunities Recreational opportunities to catch fish (e.g., availability of fish) Improved 
Same 
Less 

BoatingOpportunities Recreational opportunities to go boating (e.g., opportunities for 
access to marine/coastal resources) 

Good 
Moderate 
Poor 

DivingSnorkelingOpportunities Opportunities to SCUBA dive and snorkel in the region. 
Consideration to "satisfaction" of trips, but relies more heavily on the 
ability to dive or snorkel in clean, clear waters. 

Good 
Moderate 
Poor 

 
 
 

 



 

134 

Table 4-4. Conditional probabilities assigned for the “State_Index” node in the EBM-
DPSER integrated conceptual ecosystem model for the southeast Florida 
coastal ecosystem.  

Habitat_States Other_States Management 
Responses 

Condition 
Improving 

Condition 
Same 

Condition 
Worse 

Condition Improving Condition 
Improving 

Yes 100 0 0 

Condition Improving Condition 
Improving 

No 100 0 0 

Condition Improving Condition Same Yes 50 50 0 

Condition Improving Condition Same No 50 50 0 

Condition Improving Condition Worse Yes 33 34 33 

Condition Improving Condition Worse No 33 34 33 

Condition Same Condition 
Improving 

Yes 50 50 0 

Condition Same Condition 
Improving 

No 50 50 0 

Condition Same Condition Same Yes 0 100 0 

Condition Same Condition Same No 0 100 0 

Condition Same Condition Worse Yes 0 50 50 

Condition Same Condition Worse No 0 50 50 

Condition Worse Condition 
Improving 

Yes 33 34 33 

Condition Worse Condition 
Improving 

No 33 34 33 

Condition Worse Condition Same Yes 0 50 50 

Condition Worse Condition Same No 0 50 50 

Condition Worse Condition Worse Yes 0 0 100 

Condition Worse Condition Worse No 0 0 100 
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Figure 4-3. BBN for the coral reef and hardbottom CEM for the southeast Florida coast. 
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Table 4-5. Managers who participated in the BBN pre/post survey. Permission for 
interviews was given through University of Florida Institutional Review Board 
permit #2013-U-913. 

Name Title Agency 
Ken Banks Natural Resource Specialist 

IV 
Broward County Environmental 
Protection and Growth 
Management Department 

Rene Baumstark Associate Research Scientist Center for Spatial Analysis 
Information Science and 
Management, Fish and Wildlife 
Research Institute, Florida Fish 
and Wildlife Conservation 
Commission 

Karen Bohnsack NOAA Coral Fellow Consultant ECS, Florida 
Department of Environmental 
Protection, Coral Reef 
Conservation Program 

Billy Causey Regional Director Southeast Atlantic, Gulf of Mexico 
and Caribbean Region, NOAA’s 
Office of National Marine 
Sanctuaries 

Ernest M. Cowan Chief Biologist Bureau of Parks District 5, Florida 
Park Service 

Steven R. Dale Park Manager III John U. Lloyd Beach State Park, 
Florida Park Service 

Lou Fisher Retired Natural Resource 
Specialist III 

Marine Section, Broward County 
Environmental Protection and 
Growth Management Department 

Kathy Fitzpatrick Coastal Engineer Martin County Coastal 
Engineering Department 

Charles Jabaly  District Biologist Bureau of Parks District 5, Florida 
Park Service 

Janet Phipps Coral Reef Ecologist Palm Beach County Department 
of Environmental Resources 
Management 

Erik Stabenau Oceanographer Department of Interior, Technical 
Lead, National Park Service 
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Figure 4-4. Tutorial for Bayesian Belief Network decision support tool based on the 
integrated conceptual ecosystem model and integrated ecological model for 
the Southeast Florida Coast and the coral reef and hardbottom habitats in 
southeast Florida and the Florida Keys. 
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Figure 4-4. Continued 
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Table 4-6. BBN probabilities for Aesthetic Environments when Driver values are 
manipulated to three different values.   

Aesthetic Environments  % 
Decreasing Impacts100%  

Condition Improving 80.8 
Condition Same 17.6 
Condition Worse 1.53 

Same Amount 100%  
Condition Improving 29.6 
Condition Same 12.9 
Condition Worse 57.4 

Increasing Impacts 100%  
Condition Improving 0 
Condition Same 5.29 
Condition Worse 94.7 

 
Table 4-7. Conditional Probability Table used to run sensitivity analysis of Drivers based 

on Management Response Situation A and Situation B. 
Management Response Drivers-

Decreasing 
Impacts 

Drivers-Same 
Amount 

Drivers-
Increasing 
Impacts 

Situation A    
Yes 50 50 0 
No 0 50 50 
Situation B    
Yes 33 33 34 
No 33 33 34 
 
Table 4-8. Scenario analysis for Situation A and Situation B for the ecosystem-scale 

BBN showing the belief network probabilities for Aesthetic Environments 
when Management Response is manipulated from Yes to No using two 
situation analyses (see Table 4-6 for CPTs). 

Situation A 
Management Response  % 

Situation B 
Management Response  % 

Yes 100% 
 

  
Condition Improving 60.6 Condition Improving 48.3 
Condition Same 14.5 Condition Same 12.7 
Condition Worse 24.8 Condition Worse 39.1 

No 100%    
Condition Improving 13.5 Condition Improving 23.7 
Condition Same 5.8 Condition Same 6.2 
Condition Worse 80.7 Condition Worse 70.1 
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Table 4-9. Sensitivity to findings for Aesthetic Environments node when Management 

Response is set to Yes for Situation A and Situation B.  
Situation A 

Node-Decreasing 
Impacts 100% % 

Situation B 
Node-Decreasing 

Impacts 100% % 
State_Index 76.4 State_Index 82.2 
Other_States 54.5 Habitat_States 60.9 
Habitat_States 53.0 Other_States 60.9 
Pressures 50.7 Pressures 58.5 
Mangroves 50.0 Mangroves 57.9 
FishAndShellfish 49.5 FishAndShellfish 57.2 
WaterColumn 49.5 WaterColumn 57.2 
Seagrasses 48.7 Seagrasses 56.2 
CoralAndHardbottom 48.6 CoralAndHardbottom 56.0 
Beaches 48.4 Beaches 55.8 
Drivers 18.9 Drivers 20.5 
MarineDependentPeople 8.04 MarineDependentPeople 9.1 
ManagementResponses 0.0 ManagementResponses 0.0 

 
 
Table 4-10. Sensitivity to findings for Aesthetic Environments node when Management 

Response is set to No for Situation A and Situation B.  
Situation A and B 

Node-Same Amount 
100%  

Situation A 
Node-Same Amount 

100% 

 

State_Index 86.8 State_Index 82.2 
Habitat_States 61.4 Habitat_States 62.3 
Other_States 59.0 Other_States 60.2 
Mangroves 57.0 Mangroves 59.0 
FishAndShellfish 54.7 Pressures 57.9 
WaterColumn 54.7 FishAndShellfish 57.3 
Pressures 54.4 WaterColumn 57.3 
Seagrasses 52.5 Seagrasses 55.8 
CoralAndHardbottom 52.1 CoralAndHardbottom 55.4 
Beaches 51.9 Beaches 55.2 
Drivers 14.2 Drivers 14.3 
MarineDependentPeople 6.74 MarineDependentPeople 8.0 
ManagementResponses 0.0 ManagementResponses 0.0 

 



 

141 

 Table 4-11. Survey responses to questions relating to a marine and coastal resource decision support tool (n=11). 
Questions Alternate responses Pre-test Post-test 

 
 Response(%) Median Response(%) Median 
Do you think decision support tools 
would be useful for making 
management decisions related to 
climate impacts to marine resources 
and coral reef ecosystems? 
 

1 Not useful 
2… 
3 Moderately useful  
4… 
5 Very useful 

0  
1 (9.0) 
3 (27.2) 
3 (27.2) 
4 (36.3) 

4    0 
1 (9.0) 
2 (18.1) 
4 (36.3) 
4 (36.3) 

4 

Would you consider using a map-
based tool and/or an ecosystem model 
detailing pressures and 
stressors to marine resources and 
coral reef ecosystems in future 
management decisions? 
 

1 No 
2 Doubtful 
3 Maybe 
4 Likely 
5 Absolutely 

0 
0 
2 (18.1) 
5 (45.4) 
4 (36.3) 

4 0 
0 
2 (18.1) 
5 (45.4) 
4 (36.3) 

4 

Would you recommend using a map-
based tool and/or an ecosystem model 
to other marine resource 
managers within their management 
portfolio? 
 

1 No 
2 Doubtful 
3 Maybe 
4 Likely 
5 Absolutely 

0 
0 
2 (18.1) 
4 (36.3) 
5 (45.4) 

4 0 
1 (9.0) 
3 (27.2) 
2 (18.1) 
5 (45.4) 

4 

Questions specific to the BBN tool Alternate responses   Responses Median 
      
Rank the degree to which the tools 
increased your knowledge about 
climate impacts to marine 
resources and coral reef ecosystems? 
 

1 No 
2 Doubtful 
3 Maybe 
4 Likely 
5 Absolutely 

  0 
3 (27.2) 
2 (18.1) 
2 (18.1) 
4 (36.3) 
 

4 

Do you believe you will use one of 
these tools in your decision making?  

Yes 
No 

  9 
2 
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CHAPTER 5 

CONCLUSIONS 

The hypothesis of this research, participatory decision support using scenario 

modelling improves the understanding of the ecosystem for informed decision-making 

has been supported by resource managers survey responses. Participatory decision 

support was needed to improve the understanding of the ecosystem and to synthesize 

science. Stakeholders were engaged in an iterative process to characterize the South 

Florida ecosystem and explore new perspectives for interdisciplinary applied research. 

The process resulted in an improved understanding of the biophysical, institutional, and 

human dimensions of the system. Scenario models were constructed from the 

knowledge innovations realized during stakeholder engagement. The improvements 

were made through collaborative learning between “experts” and “end users.” 

Visualizations and mathematical representations helped to examine knowledge 

interfacing as a process of relating what we know to what we expect (preferences, 

uncertainty, risk). Before and after surveys quantified the usefulness of these 

representations in making management decisions. The methodologies included a 

structured systematic process to integrate science and management in decision making 

using stakeholder input.  

In Chapter 2, the objective to facilitate participation of resource managers was 

met within the constructs of people, process, and tools. Participatory decision support 

was applied to translate information from stakeholders’ minds into a format to design, 

construct, and evaluate decision support tools. A test-bed of end users was identified 

and maintained throughout the project period to obtain a clear picture of coral reef and 

marine resource manager climate information needs and the preferred delivery of that 
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information. In this way, the group promoted a mutual understanding the ecosystem and 

what was needed to manage it through data indexing, integration, and visualizations. 

The desired outcome, to develop a common knowledge domain to access and 

understand scientific information for future management actions was obtained and used 

to design, construct, and evaluate decision support tools. 

In Chapter 3, the IEA framework facilitated stakeholder engagement and 

provided the science needed to develop a prototype coral reef BBN. The integrated 

ecosystem and conceptual ecological models were constructed using an iterative 

process. Multiple lines of communication were employed to design and refine the 

biophysical and human dimensions science characterizing the South Florida ecosystem. 

The products represented the first comprehensive synthesis of the marine and coastal 

environment located at the southern tip of the Florida peninsula. The synthesis, when 

coupled with the management agency perspectives clarified the requirements for 

developing a prototype BBN.  

In Chapter 4, the objective to construct and assess decision support tools was 

accomplished.  Two BBNs were constructed and then evaluated by stakeholders. The 

methodology described the development of an ecosystem-scale model and a habitat-

scale model for coral reef and hardbottom. The models were built using information 

realized during the needs assessment and the IEA. Analysis of the BBNs was 

completed with a test-bed of stakeholders responsible for managing marine and coral 

reef resources in southeast Florida. The median response from stakeholders indicated 

that the models improved their knowledge of climate impacts to reef ecosystems and 

that most would recommend use of the model to their colleagues. 
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The research tested the utility of a participatory decision support for complex 

environmental planning. The project delivered a geographically transferable prototype to 

characterize the ecosystem and enhance stakeholder capacity and their understanding 

for improved management through participatory decision support. It also presented a 

unique opportunity for scientists and managers to participate in developing an applied 

prototype to address the unknowns tied to climate variability and ecological events 

within marine and coastal systems.  Project success was dependent upon the 

willingness of stakeholders to explore their role in the transfer of information to 

knowledge and the application of knowledge innovations.  This encompassed their 

ability to maintain interest in the process that includes unfamiliar terms, methodologies, 

and the potential for scrutiny of their research and/or management.  Nevertheless, the 

project outcomes, partial or complete, identify the strengths and weaknesses of 

knowledge exchanges related to climate variability (events) and resource management 

in marine and coastal environments to advance future iterations of decision support 

systems using participatory decision support. 
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