
 

 
 
 
 

 
Evidence Mapping: Investigating the Social and Ecological 

Impacts of Conservation in Mangrove Ecosystems 
 

 
 

 
 

by 
 

Willa Brooks, MEM’19 (CEM) 
Amy Manz, MEM’19 (CEM) 

Colyer Woolston, MEM’19 (CEM) 
 
 

Advisors: 
Dr. Lisa Campbell  
Dr. Brian Silliman 

 
Client: 

World Wide Fund for Nature U.S. 
 
 
 

April 26, 2019 
 
 
 

Master’s Project, submitted in partial fulfillment of the  
requirements for the Master of Environmental Management degree 

 
Nicholas School of the Environment,  

Duke University  



Evidence Mapping: Mangroves   | 

 
 

2 

TABLE OF CONTENTS 
 
 
Abstract 3	
Executive Summary 4	
Introduction 7	

Linking Conservation & Sustainable Development 7	
Evidence Synthesis 9	
Our Project and Bass Connections 13	
Why Mangroves? 14	

Methods 18	
Search Strategy 20	
Article Screening and Data Extraction 24	
Number of Articles 28	
Study Design and Data Type 30	
Studies on Human Populations 33	
Geography and Scale of Included Studies 34	
Social and Ecological Outcomes of Conservation in Mangrove Ecosystems 38	
Intersection of Conservation Activities and Social and Ecological Outcomes 40	

Discussion 42	
Limitations of the Map 42	
Recommendations for Use 46	

Acknowledgements 49	
References 50	

APPENDIX I: Omitted Section from Bass Connections Methods 57	
APPENDIX II: Data Extraction Questionnaire & Definitions 58	
APPENDIX III: Interventions with Examples 60	
APPENDIX IV: Outcomes with Examples 66	
APPENDIX V: Included Mangrove Article Citation Library 73	

 
 



Evidence Mapping: Mangroves   | 

 
 

3 

Abstract 

 

The global extent of mangrove forests has been rapidly declining in recent decades, raising 

concerns about the loss of the ecological and social services they provide. There is an increasing 

urgency to understand best approaches to conserve mangrove forests given their decline. This 

project seeks to identify literature that addresses the question: What is the extent and occurrence 

of evidence for ecological and social impacts of conservation interventions within mangrove 

ecosystems? Following systematic mapping standards, we develop and apply a search strategy to 

identify relevant literature that evaluates the impacts of conservation in mangrove forests. Our 

research culminates in a structured matrix, organizing our findings by interventions and outcomes 

of interest. We find that of the 39 included studies, the majority of the evidence base examined 

linkages between conservation interventions and ecological outcomes, with a noticeable dearth in 

studies evaluating social outcomes; specifically, awareness raising, and education and training 

outcomes. We conclude with recommendations for how to use our systematic map geared towards 

conservation researchers, policy makers, and practitioners. 
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Executive Summary 
 

Background  

 

Globally, mangrove forests perform essential ecosystem roles as well as support human coastal 

development. Ecologically, mangrove forests provide essential fish habitat, carbon storage, water 

filtration, wood fuel, coastal protection, and numerous other environmental functions and services. 

Economically, mangrove forests support human development through natural resource extraction, 

for example for food and/or basic building materials. Although the ecological and social services 

provided by mangroves are not always mutually exclusive, the extraction of resources from 

mangroves can perturb ecological function. As a result, conservation interventions are necessary 

to address these challenges, helping to ensure the social and ecological function of mangroves is 

preserved.  

 

There is an increasing urgency to better understand the extent and distribution of existing literature 

related to mangrove conservation efforts, considering the rapid decline of mangrove forests 

globally and their critical importance for tropical communities. Although conservation efforts in 

mangrove forests have been steadily increasing, to date, there has been no synthesis on which 

conservation measures have been utilized and which have been most effective. Here, a method of 

evidence synthesis, called evidence mapping, is used to highlight the frequency and distribution 

of studies (i.e., evidence) that examine effectiveness of conservation interventions in mangrove 

ecosystems. Through this approach, we are able to analyze the extent to which the impacts of 

conservation in mangrove forests have been studied.  

 

Methods  

 

In the Fall of 2018, the Bass Connections administrative team drafted the protocol developed to 

systematically search for, identify, and code relevant literature. This Bass Connections project, a 

partnership between the World Wild Fund for Nature (WWF-US) and the Duke University Marine 

Lab, seeks to address the question: What is the extent and occurrence of evidence for ecological 

and social impacts of conservation interventions within tropical coastal marine ecosystems? 
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Tropical coastal marine ecosystems are defined in this project as tropical coral, tropical seagrass, 

and mangrove ecosystems. This Master’s project addresses the evidence for mangroves within the 

scope of this Bass Connections research question. 

 

Four bibliographic databases were searched for literature on the social and ecological impacts of 

conservation in tropical coastal marine ecosystems. Articles were screened against inclusion 

criteria at title and abstract stage first, and then reviewed at full text. Included articles were coded 

using a data extraction strategy and then visualized in a structured matrix, or systematic map. The 

conservation intervention classification typology we used was adapted from the IUCN CMP 

Actions Classification v 2.0 framework to optimize usability for conservation practitioners.  

 

Results  

 

The Bass Connections search strategy yielded approximately 105,000 potentially relevant articles. 

To make the review of articles manageable, recognizing time and resource constraints, a 10% 

random sample of articles was taken from the original search results. Subsequently approximately 

10,500 articles were screened for relevancy using predetermined inclusion criteria. After title and 

abstract screening 779 articles were included, encompassing all three habitats, for full text review. 

Within these 779 included articles, 220 were identified as potentially related to mangrove 

ecosystems. Of the 220 ‘mangrove’ articles evaluated at full text, 39 articles were ultimately 

included, with an additional 9 systematic reviews/maps and meta-analysis marked and pulled aside 

to be reviewed later and potentially included in the results of the full Bass Connections project.  

 

Absolute evidence gaps, or linkages with limited to no evidence, were found (1) between all 

conservation interventions types and impacts on ecosystem services, (2) between interventions 

focused on education, training, or awareness raising and all social and ecological impacts, (3) 

between enforcement and protection and all social and ecological impacts, and (4) between 

livelihood, economic and other incentives and all social and ecological impacts. Relative evidence 

gluts, or the linkages with the most evaluated relationships, were concentrated in linkages where 

outcomes could be evaluated by changes in species abundance and/or species diversity. The most 

well studied conservation interventions were (1) conservation designation and planning (including 
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marine protected areas), followed by (2) species management and (3) land/water management. 

Other noticeable patterns identified include the emergence of consistently greater frequencies of 

‘evidence’ published after 2010, a geographic bias with disproportionately high volumes of 

publications in Asia, and a lack of studies that addressed differential impacts of conservation on 

human groups.  

 

Conclusions  

 

Using a typology of conservation interventions and social and ecological outcomes, our analysis 

illustrates the distribution and relative frequency of evidence for conservation in mangrove forests. 

Given this map does not attempt a critical appraisal of the quality or directionality of the evidence, 

we emphasize our map should not be used to make assertions about the effectiveness of an 

intervention. Further review is needed to evaluate the quality of the study and resulting evidence, 

and the context in which these interventions have been impactful. Overall, a larger and more robust 

evidence base is needed to understand synergies and trade-offs between interventions considering 

their differential impact on humans and the environment, while evaluating their success in terms 

of stated objectives. We recommend the 39 articles we identified and this evidence map be used 

to inform current and future evidence by providing guidance on the current existing literature of 

conservation studies within mangrove ecosystems. When the larger Bass Connections project is 

completed, this evidence base will be hosted on an online platform (likely the Evidence for Nature 

and People Data Portal and/or the Mangrove Knowledge Hub) allowing our findings to be readily 

accessible, findable, and available for guidance and analysis. 
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Introduction 

Linking Conservation & Sustainable Development 

 
The United Nations (UN) has increasingly recognized the relationship between healthy ecosystems 

and poverty reduction. The Millennium Ecosystem Assessment, conducted between 2001 and 

2005, assessed the consequences of ecological change on human well-being and appraised the 

scientific evidence supporting conservation efforts and sustainable use of resources (Millennium 

Ecosystem Assessment, 2005). Since then, many studies have examined the reliance of the global 

poor on natural resources and their associated ecosystem services (Cheng et al., 2019; Leisher et 

al., 2012). In 2015, the UN established the 2030 Agenda for Sustainable Development, building 

on the Millennium Development Goals (2000), in efforts to better elucidate commitments made 

by countries to address poverty reduction in the context of sustainable development and 

environmental conservation (IUCN, 2017).  

 

Recognizing the significance the environment plays in poverty alleviation and human well-being 

has led to an increased interest in conservation initiatives. However, positive social impacts of 

conservation are not inherent (Brockington & Igoe 2006; West et al. 2006; Holmes & Cavanagh 

2016; Kaplan-Hallam & Bennett 2018). While there are many studies demonstrating that 

conservation interventions can lead to positive human well-being impacts (Leisher et al., 2012; 

Mumby et al., 2004; Aburto-Oropeza et al., 2009; Kathiresan and Rajendran 2002) there are also 

a number of studies linking conservation interventions to unintended negative impacts (Agardy et 

al. 2011; Brockington & Igoe 2006; West et al. 2006; Holmes & Cavanagh 2016; Kaplan-Hallam 

& Bennett 2018; Mascia et al., 2009). For example, the establishment of protected areas can 

negatively impact the livelihoods of local inhabitants by removing their ability to use certain 

resources or areas such as fishing grounds (Brockington et al., 2006; Mascia et al., 2009). This can 

lead to high environmental and social costs, including environmental degradation through illegal 

and unregulated resource extraction (Pomeroy et al., 2015) and further impoverishment and 

marginalization of local communities (Leisher et al., 2012). Similarly, conservation can have 

unintended ecological outcomes, such as accidental mesopredator release (Goodrich and Buskirk, 

1995) or “assisted migration” and concerns relating to invasive species threats (Ricciardi and 
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Simberloff, 2009). This can have implications for the ecosystem and/or the management of species 

of interest.  

 

Lack of evidence? 

 

Mixed impacts of conservation interventions and negative impacts on human populations is 

concerning but potentially avoidable. Studies have found that negative impacts of conservation 

have resulted from lack of community engagement as well as involvement in the decision-making 

process, lack of compliance, insufficient enforcement, poor monitoring and evaluation, and poor 

placement of the intervention (Mascia et al., 2010; Kamat, 2017; Cinner et al., 2014; Fox et al., 

2012). These factors can be partially attributed to the lack of resources available to conduct such 

operations in order to successfully manage these interventions (Gill et al., 2017; Lawrence, 2013). 

Monitoring is also an issue. A study evaluating Results Based Management projects found “some” 

to “very few” projects develop monitoring plans to assess their project after implementation, and 

even fewer implement those monitoring plans and adapt based on the findings (Muir, 2010).  

 

Practitioners also struggle to utilize existing research to inform current and future conservation 

efforts. This can result for a number of reasons: time restrictions, resource constraints, lack of 

access to relevant literature, language barriers related to relevant research, and a belief that 

personal experience is more relevant than research in other contexts (O’Leary et al., 2017; Praviko 

et al., 2005; Pullin, 2015; Walsh et al., 2015; Sutherland et al., 2004). An additional issue is the 

apparent barrier existing in the literature due to its wide ranging and disparate nature, the largely 

unconsolidated nature of publications, and the difficulty of sifting through this information to learn 

from existing studies (O’Leary et al., 2017). These barriers lead to the issue of “evidence 

complacency,” defined as the act of not seeking out evidence to support decision-making despite 

the availability of existing evidence, thereby leading to the potential or planned impacts of 

interventions not being thoroughly evaluated or tested (Sutherland and Wordley, 2017).  

 

While there has been increased recognition of the relationship that exists between sustainable 

development and conservation, and while the issue of “evidence complacency” has been well 

documented, until recently, there have been very little in the way of assessments on the extent to 
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which conservation initiatives are actually achieving their stated social as well as ecological 

objectives (Cheng et al., 2019). This information is much needed in order to illuminate both the 

positive and negative impacts of conservation, and to more efficiently direct the allocation of 

limited resources to address critical environmental problems (McKinnon et al., 2016). As a result 

of this gap within conservation research, over the last decade, there has been a growing interest in 

the practice of conducting evidence synthesis as a method of tackling the issue of evidence 

complacency in conservation. In particular, evidence synthesis has started to garner attention as a 

way of systematically and comprehensively collating important conservation findings in a way 

that provides clarity and illumination to both past and future conservation efforts.  

Evidence Synthesis 

 

What is Evidence Synthesis?  

 

Evidence synthesis supports evidence-based decision-making by providing a process to 

systematically organize, filter, and make sense of large and diverse evidence bases. Evidence 

synthesis can be conducted using a range of different synthesis and analysis tools (Cook et al., 

2017; see Table 1); however, typically, evidence synthesis is conducted using evidence maps1 and 

systematic reviews. For example, a systematic review of literature investigating associations 

between baby sleeping positions and Sudden Infant Death Syndrome (SIDS) found that the widely 

accepted practice of leaving babies on their stomachs to sleep actually made them more, not less 

vulnerable to SIDS. It wasn’t until there was a collection and synthesis of research on the 

association between sleeping position and SIDS that this relationship was realized, along with the 

realization that the lives of 50,000 babies could have been saved (Gilbert et al., 2005).    

  

                                                
1 Evidence maps can be referred to by different names, including ‘systematic maps’ and ‘gap maps,’ depending on the 
evidence mapping guidelines followed. Most referenced evidence maps in this report follow Collaboration for 
Environmental Evidence (CEE) or Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines, which both use the term ‘systematic map.’ As such, ‘systematic map’ will be the terminology we use when 
discussing technical elements and processes involved with evidence mapping. 
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                    Table 1. Types of synthesis methods (adapted from Cook et al., 2017)  
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Systematic maps, on the other hand, can help synthesize existing scientific research in a creative 

way to guide evidence-based decision-making and identify areas where more targeted research is 

needed (McKinnon et al., 2015). For example, as shown in a study by McKinnon et al. (2016), by 

visualizing the findings of an systematic map through a heat map (Fig. 1), researchers, 

practitioners, and other users were able to efficiently identify evidence gluts and evidence gaps as 

well as important literature relevant to informing current and future conservation efforts.  
 

Fig. 1 Illustration of a systematic map (McKinnon et al. 2016). The values within the matrix 
indicate the number of studies that have been identified that investigate the relationship of the 
intersecting intervention and outcome. 
 
Used this way, systematic maps can help address the issue of evidence complacency by making 

relevant research more accessible and by providing a “guide book” to relevant studies of interest. 

However, it is important to recognize that systematic maps generally do not evaluate the quality 

or directionality of the evidence identified. Rather, systematic maps act as an important first step 

in helping researchers to systematically and comprehensively gather relevant information so that 

effectiveness, quality, and context of interventions can be evaluated, such as would be conducted 

through a systematic review. 
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Evidence Synthesis in Marine Conservation 

 

While evidence synthesis has received greater attention in the fields of medicine and public health 

(Miake-Lye et al., 2016; James et al., 2016), it has begun to garner attention in conservation over 

the last two decades (Cook et al., 2017). A number of efforts have been made in conservation 

broadly, and within the marine environment, three systematic maps, one systematic evaluation, 

and four systematic reviews have been conducted (Table 2).  

 

Table 2.  Evidence Synthesis Related to Ocean Evidence Systematic Map 

Author, Year Evidence 
Synthesis Type 

Framework Title 

Sciberras et al., 2013 Systematic 
Review 

CEE Evaluating the biological effectiveness of 
fully and partially protected marine areas 

Liquete et al., 2013 Systematic 
Review 

PRISMA Current status and future prospects for the 
assessment of marine and coastal 
ecosystem services 

Papathanasopoulou et 
al., 2016 

Systematic Map CEE What evidence exists on the local impacts 
of energy systems on marine ecosystem 
services: a systematic map  

McKinnon et al., 
2016 

Systematic Map CEE What are the effects of nature conservation 
on human well-being? A systematic map 
of empirical evidence from developing 
countries 

Rodrigues et al., 2017 
 

Systematic 
Review 

PRISMA Marine and Coastal Cultural Ecosystem 
Services: knowledge gaps and research 
priorities 

Woodcock et al., 
2017 

Systematic 
Evaluation 

CEE Your evidence or mine? Systematic 
evaluation of reviews of marine protected 
area effectiveness 

McIntosh et al., 2018 Systematic Map PRISMA Absence of evidence for the conservation 
outcomes of systematic conservation 
planning around the globe 

Mizrahi et al., 2018 Systematic 
Review 

Other A Systematic Review of the 
Socioeconomic Factors that Influence How 
Marine Protected Areas Impact on 
Ecosystems and Livelihoods 
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Given the large amount of existing research within the marine environment, there is a need for 

further efforts in evidence synthesis to illuminate the studies that have been conducted in order to 

avoid the risk of continued evidence complacency. Moreover, there is a lot to be learned from the 

existing literature in regard to future conservation interventions in the marine environment. This, 

ultimately, was the motivation for the Ocean Evidence Systematic Map Bass Connections Project. 

 
Our Project and Bass Connections 

 
Ocean Evidence Systematic Map Bass Connections Project 

 

This Master’s project is part of a larger effort that began in November of 2017 when a Bass 

Connections project proposal was submitted by Gabby Ahmadia, a lead marine scientist with 

WWF (WWF-US), Lisa Campbell, Professor of Marine Affairs and Policy at the Duke University 

Marine Lab (DUML), and Brian Silliman, Professor of Marine Conservation Biology at DUML, 

requesting funds to develop the Ocean Evidence Systematic Map (OESM). Other participants in 

the larger project are David Gill, Assistant Professor at DUML; Louise Glew and Dominic 

Andradi-Brown, both marine scientists with WWF (WWF-US); Samantha Cheng, Assistant 

Research Professor at Arizona State University’s School of Life Sciences as well as Co-Director 

of the Conservation Solutions Lab at the Center for Biodiversity Outcomes; Morgan Rudd, 

Research Technician in the Silliman Lab at DUML; and a team of Duke University affiliated 

Undergraduate, Master’s, and PhD students. From the outset, our team of three working on this 

Master’s project was tasked with producing a product for WWF that spoke directly to their needs. 

The project began in earnest with the Ocean Evidence Systematic Map Bass Connections Project 

Kick-off Workshop on September 6th and 7th, 2019 and has an estimated Phase 1 completion date 

of June 2019. Additionally, the OESM Team will present their findings to the WWF-US Oceans 

team at the WWF-US headquarters in Washington, D.C. from May 12-15, 2019. 

 

The primary objective of the Ocean Evidence Systematic Map is to identify and describe the 

evidence base surrounding the social and ecological impacts of conservation interventions within 

coastal marine ecosystems. The scope of coastal marine ecosystems considered in this analysis is 

limited to the social and ecological impacts of conservation interventions on tropical coral, 

mangrove, and seagrass ecosystems, and the human populations that depend on these ecosystems 
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as well as the species that inhabit these ecosystems. As such, the primary research question the 

Ocean Evidence Systematic Map Bass Connections project seeks to answer is the following: What 

is the extent and occurrence of evidence for ecological and social impacts of conservation 

interventions within tropical coastal marine ecosystems? 

 
Our Master’s Project 

 

As part of the Ocean Evidence Systematic Map Bass Connections project, our Master’s project, 

Evidence Mapping: Investigating the Social and Ecological Impacts of Conservation in Mangrove 

Ecosystems, will specifically analyze conservation interventions within mangrove habitat. In so 

doing, this project seeks to systematically develop an evidence map of the ways in which social 

and ecological impacts of conservation interventions in mangrove habitats have been studied. Our 

goal is that this systematic map will serve to guide future mangrove conservation interventions by 

identifying the evidence and synthesis gaps and gluts within the existing literature. To accomplish 

this, our primary research focus, as derived from the larger OESM Bass Connections project 

research question, is the following: What is the extent and occurrence of evidence for ecological 

and social impacts of conservation interventions within mangrove ecosystems? 

 

Why Mangroves?  

 

In recent years, numerous initiatives have been proposed calling for mangrove conservation and 

sustainable development within mangrove habitats. National interventions supporting mangrove 

conservation have been developed in many locations worldwide through REDD+ initiatives 

(“Mangroves and REDD: A New Component of MFF,” 2017). Increasingly, conservation NGOs 

have also invested in localized mangrove forest management efforts. This has been accomplished 

by supporting and facilitating community-based management programs (“Community Plant 

Mangroves to Protect Livelihood and Village Farm Lands,” 2018) as well as by advocating for 

heightened protection of mangroves for their environmental and social value. For example, several 

conservation organizations, including WWF, now identify mangrove forests as one of their priority 

conservation areas for both their ecological and socioeconomic importance (“Living Blue Planet 

Report,” 2015; also see Box 1: Mangroves). Additionally, the Nature Conservancy (TNC) and 
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Conservation International (CI) have advocated for the protection and conservation of mangroves 

due to their value as natural carbon sinks (“Investing in Blue Carbon for a Resilient Future,” 2018; 

“A Critical Investment in Blue Carbon,” 2019). 
 

 
Fig. 2 Global distribution and diversity of mangrove species. Figure produced by Farooqui et al. 
(2015) using data from (Deltares, 2014). 
 

Global partnerships, such as the Mapping Ocean Wealth partnership, Mangroves for the Future 

(MFF), and the Global Mangrove Alliance (GMA) have also formed to further mangrove 

conservation efforts. The Mapping Ocean Wealth global partnership, which defines mangroves as 

a key ecosystem, serves to map and understand the conservation and development of the oceans’ 

resources and the reasons behind how and why they are valued (“Mangrove Restoration Potential,” 

2019). Mangroves for the Future, a global partnership co-chaired by the International Union for 

Conservation of Nature (IUCN) and the United Nations Development Program (UNDP), supports 

investments in mangrove conservation and sustainable development, and has established a 

platform to facilitate cooperation between NGOs, state governments, and other institutions (“Who 

We Are,” 2019). The Global Mangrove Alliance, a joint multi-organization effort between WWF, 

CI, IUCN, TNC, Wetlands International, and including numerous outside partnerships, endeavors 

to increase the world’s coverage of mangroves by 20% by 2030, and also seeks to invest $10 billion 

in coastal resilience, restoration, and conservation, and to improve the well-being of an additional 

10 million people through mangrove conservation efforts (“Mangroves,” 2019). The GMA also 

manages the Mangrove Knowledge Hub, an online data repository, which hosts global mangrove 

area coverage data, a map of existing and future mangrove projects, and educational content related 

to mangroves (“Mangroves,” 2019).   
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Box 1: Mangroves 
 

Mangrove ecology: Mangrove forests are shrubs or small trees that inhabit sheltered, coastal 
saline or brackish water environments. Mangroves worldwide are comprised of 54 species within 
16 families and are biodiversity rich (“Mangrove Forests: Ecology,” 2019). Mangroves are also 
quite specialized to their environments – they exhibit adaptations allowing them to exist within 
tidal habitats as well as within anoxic soils. 
 

Global Distribution: Mangroves are found in the tropics and subtropics of the world (Fig. 2), 
primarily within the latitudes of 32° N and 38° S (Craft, 2016). In 2016, mangrove forests 
covered 136,714 square kilometers (52,785 sq mi) (“Mangrove Restoration Potential,” 2019) 
extending to 118 countries and territories (Giri et al., 2010). The majority of the world's 
mangroves currently exist within 15 countries, with Australia, Indonesia, Nigeria, and Brazil 
having the largest mangrove populations by extent (Giri et al., 2010) and comprising 41% of the 
world’s mangroves (“Mangrove Forests: Ecology,” 2019).  
 

Ecosystem Services: Mangrove ecosystems are highly valued worldwide for their ecological and 
social services. Ecologically, mangrove forests provide essential fish habitat, carbon storage, 
water filtration, and numerous other environmental services (Mukherjee et al., 2014; “Mangrove 
Forests: Importance,” 2019). Their ecosystem services alone are estimated to be valued at $1.6 
billion annually (Polidoro et al., 2010). As a carbon sink, mangroves are found to sequester 1% 
of the total CO2 sequestered by the world’s forests as well as 14% of all carbon sequestered by 
the oceans (“Mangroves,” 2019).  
 

Threats and Global Decline: While mangroves host a diverse array of life and are among the 
most efficient carbon sinks within the marine environment, these important habitats are 
disappearing rapidly. A 2014 study found deforestation of the planet’s mangroves is three to five 
times greater than the average rate of forest loss globally, resulting in economic losses of up to 
$42 billion annually (Duke et al., 2014). In the last 50 years, global mangrove extent has been 
reduced by half, and at current rates, mangroves will be functionally extinct by 2100 (Duke et 
al., 2007). The primary drivers of mangrove forest destruction include mangrove forest clearing 
for development, overharvesting of mangroves for timber, exploitation of mangroves due to 
mining, conversion of mangrove forests for aquaculture, and overfishing of species within 
mangrove forests, with pollution and impacts from climate change being recognized as 
significant, but lesser threats to mangroves (Alongi, 2002). A 2017 study found, however, that 
global mangrove forest losses may be as high as 29% if sea level rises by one meter by 2100 
(Blankespoor et al., 2016). Despite these current and emerging threats, only 6.9% of global 
mangrove habitat was protected as of 2010 (Giri et al., 2010). 
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In addition to these mangrove related initiatives and global partnerships, efforts are being made to 

connect evidence synthesis and conservation. The International Initiative for Impact Evaluations 

(3ie) and the Collaboration for Environmental Evidence (CEE) are two platforms that host 

evidence maps. Of particular interest to us is the Evidence for Nature and People Data Portal, an 

online repository that hosts evidence maps that investigate links between conservation and human 

well-being. The Evidence for Nature and People Data Portal is managed by the Science for Nature 

and People Partnership (SNAPP), a diverse group of scientists and practitioners who aim to 

provide tools and syntheses to improve evidence-based decision making in conservation (Evidence 

Based Map Portal, 2019). 

 

Given the (1) increasing urgency to identify mangrove conservation interventions that work, (2) 

the emergence of evidence synthesis as a potential solution to conservation, and (3) the emergence 

of online data repositories and platforms to support conservation, our Master’s project is both 

timely and has potential to be impactful. Once completed, we seek to have our map hosted on the 

Global Mangrove Alliance's Mangrove Knowledge Hub as well as the Evidence for Nature and 

People Data Portal. There is considerable value within this Master’s project, particularly in its 

function in serving as a curated bibliographic library of the relevant literature within mangrove 

conservation. Moreover, by providing this library of studies, our project makes this information 

more accessible than it was previously, enhancing its use as a tool to guide for future conservation 

efforts.  
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Methods 

 

Our methods are an abbreviated version of the methods used in the larger Bass Connections project 

(manuscript in prep). More acutely, since the identification and isolation of mangrove literature 

occurs within the Bass Connections project effort, our methods and search strategy reflect the Bass 

Connections research question. The identification of mangrove literature is addressed in the 

method subsection, Screening Process: Isolating Mangrove Studies.  

 

Further, while this Master’s project will be submitted in April of 2019, the Bass Connections 

project is ongoing. As is standard in systematic mapping projects, the full protocol will be 

submitted for independent review and publication (Collaboration for Environmental Evidence, 

2013). All subsequent documents reporting results, including this Master’s Project, will be 

summarized and the description of the methods will be updated.   

 

Objective of our Master’s Project within the Ocean Evidence Systematic Map 

 

The primary objective of our Master’s Project is to evaluate the mangrove papers identified in the 

Ocean Evidence Systematic Map Bass Connections project. The objective of the Ocean Evidence 

Systematic Map Bass Connections project is to identify and describe the evidence base 

surrounding the social and ecological impacts of conservation interventions connected to tropical 

coastal marine ecosystems (e.g. tropical corals, tropical seagrass, and mangroves).  

 

The Bass Connections Ocean Evidence Systematic Map research question: 

 

● What are the social and ecological impacts of conservation interventions in tropical 

coastal marine ecosystems (tropical coral, tropical seagrass, mangroves)? 

 

The Bass Connections Ocean Evidence Systematic Map secondary research questions:  

 

● What are characteristics of the evidence base in terms of geography, study design, impacts 

on human groups? 
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● What interventions and outcomes are most frequently studied?  

● What are promising areas for further synthesis?  

● Where do gaps exists in the evidence base?  

 

The Bass Connections Ocean Evidence Systematic Map primary and secondary research questions 

are being developed based on the following parameters: 

 

● Population: Individuals, populations, species, ecological communities, and human 

communities that live within and/or rely on tropical coral, mangrove, or tropical seagrass 

habitats. 

● Intervention: Adoption or implementation of coastal marine conservation interventions 

(see Table 3; full table in Appendix III). 

● Comparator: Use of temporal, design variation, presence/absence, geographic, among 

groups, and intervention type comparators to assess conservation interventions. 

● Outcome: Measured impacts on individual or community human well-being, attitudes, 

behavior, or knowledge OR on individual animals, populations, species, ecological 

communities, or habitats (see Table 4; full table in Appendix IV). 

● Study type: Experimental, quasi-experimental, non-experimental, systematic reviews and 

maps, evidence gap maps.  

 

Typology Development 

 

Intervention categories, subcategories, and definitions were adapted from the IUCN’s CMP 

Actions Classification 2.0, published in August of 2018. This framework was modified based on 

interviews with marine conservation practitioners, and further workshopped with WWF staff and 

Duke researchers. The resulting framework of interventions better fits the needs of this systematic 

mapping project, and coastal-marine examples are provided for context. Outcome categories and 

definitions were adapted from previous systematic maps that addressed either ecological outcomes 

or human well-being outcomes, and modified to reflect our outcomes of interest. 
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Search Strategy 

 

Search for articles 

Four publication databases were searched in August of 2019 to capture a comprehensive and 

unbiased sample of literature: Web of Science, Scopus, CAB Abstracts, and Aquatic Sciences and 

Fisheries Abstracts (ASFA). Search results were limited to the English language. Further, due to 

time restrictions, grey literature was not included in our evaluation. However, the Bass 

Connections team does plan to search for grey literature and hand search bibliographies of 

secondary studies accepted for full text screening. See appendix for omitted sections of the Bass 

Connections methods (organizational websites) to be included and addressed in the Bass 

Connections full project report (Appendix I). 

 

Search terms 

Search terms were developed to build a search string to comprehensively identify potentially 

relevant literature based on the interventions and outcomes of interest, as well as the other elements 

of PICO, and based on reviews of previously conducted systematic maps. The strings below are 

presented in the Web of Science format. 

 

Qualifying String  

TS=("marine" OR "coastal" OR "fisheries" OR "fishery") 

 

Population String  

TS=(coral OR mangrove OR seagrass OR SAV OR "submerged aquatic vegetation" OR 

communit* OR stakeholder OR habitat OR people OR resource OR ecosystem) 

 

Intervention String  

TS=(conserve OR conserving OR conserved OR conservation OR restoration OR reintroduction 

OR gear OR quota OR "catch limit" OR "size limit" OR moratorium OR "fishing ban" OR 

"endangered species" OR "threatened species" OR advocacy OR awareness OR communication 

OR patrol* OR compliance OR enforcement OR ecotourism OR "alternative livelihoods" OR 

stewardship OR "payments for ecosystem services" OR PES OR subsidies OR LMMA OR 
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"marine park" OR "marine reserve" OR MPA OR "marine protected area" OR "biosphere reserve" 

OR "restricted area" OR "marine sanctuary" OR "no take" OR "area closure" OR "buffer zone" 

OR "access rights" OR "marine spatial plan*" OR "marine plan*" OR "action plan" OR "pollution 

mitigation" OR "wastewater treatment" OR "runoff treatment" OR law OR policy OR govern* OR 

CITES OR ESA OR "endangered species act" OR train* OR education OR capacity-build* OR 

partnership OR "blue carbon" OR CBNRM OR co-management OR media OR certification OR 

(invasive NEAR/3 (removal OR manag*)) OR (management NEAR/3 (fisher* OR "locally 

managed" OR "watershed" OR community-based OR "natural resource" OR "natural resources" 

OR "ecosystem-based" OR "ecosystem based" OR "harvest" OR "area"))) 

 

Outcome String  

TS=(awareness OR adoption OR "willingness to" OR ((population OR species) NEAR/3 

(abundance OR biomass OR density OR diversity OR "genetic diversity" OR productivity OR 

fecundity OR reproducti* OR distribution OR range OR dispersal OR migration)) OR "genetic 

diversity" OR "ecosystem service" OR "ecosystem services" OR "coral cover" OR "habitat cover" 

OR degradation OR recovery OR "functional diversity" OR "community composition" OR well-

being OR "well being" OR wellbeing OR welfare OR security OR livelihood OR job OR 

employment OR asset OR income OR decision-making OR govern* OR empowerment OR 

participat* OR equity OR "human health" OR nutrition OR mortality OR disease OR consumption 

OR skill OR degree OR training OR literacy OR access OR "water clarity" OR "water quality" OR 

sanitation OR "building materials" OR housing OR fuel OR expenditure OR safety OR adapt* OR 

resilienc* OR engagement OR "carbon sequestration" OR "carbon sink" OR "carbon storage" OR 

"coastal protection" OR "shoreline protection" OR erosion OR "air quality" OR "air pollutants" 

OR biodiversity OR richness) 

 

Change String  

TS=(change OR effect* OR impact OR recover* OR contribute) 

 

  



Evidence Mapping: Mangroves   | 

 
 

22 

Table 3. Conservation Interventions 
Intervention 
Category 

Intervention Subcategory 

1. Land/Water 
Management 

1a. Site/Area Stewardship  
1b. Restoration  
1c. Ecosystem & Natural Process Management  

2. Species 
Management 

2a. Habitat (seagrass, mangroves, coral) management  
2b. Fisheries management  
2c. Species stewardship 
2d. Species Reintroduction and Translocation  
2e. Ex-Situ Conservation 

3. Awareness 
Raising 

3a. Outreach & Communications  
3b. Protests & Civil Disobedience  
3c. Political Lobbying and Campaigning  

4. Enforcement & 
Prosecution 

4a. Monitoring / Detection 
4b. Criminal Prosecution & Conviction 
4c. Non-Criminal Legal Action  
4d. Customary law/rule enforcement 

5. Livelihood, 
Economic, and 
Other Incentives 

5a. Linked Enterprises & Alternative Livelihoods 
5b. Consumer or producer substitution, through technology or product 
innovation  
5c. Corporate practices and engagement  
5d. Market-Based Incentives 
5e. Direct Economic Incentives  
5f. Social and cultural values 
5g. Agency incentives 
5h. Resource use incentives 

6. Conservation 
Designation & 
Planning 

6a. Protected Area Designation &/Or Acquisition 
6b. Easements & Resource Rights  
6c. Land/Water Use Zoning & Designation; marine spatial planning  
6d. Conservation Planning  
6e. Community based planning for resource management and conservation  
6f. Site Infrastructure 

7. Legal & Policy 
Frameworks 

7a. Laws, Regulations, & Codes  
7b. Policies & Guidelines  
7c. De jure property rights  

8. Research & 
Monitoring 

8a. Basic Research & Status Monitoring  
8b. Evaluation, Effectiveness Measures, & Learning  

9. Education & 
Training 

9a. Formal education  
9b. Informal education  
9c. Training  

10. Institutional/ 
Organizational 
Development 

10a. Internal Organizational Management & Administration  
10b. External Organizational Development & Support  
10c. Alliance & Partnership Development  
10d. Financing Conservation  
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Table 4. Conservation and Social Outcomes 
Outcome 
Category 

Outcome Subcategory 

1. Knowledge and 
Behavior 
Outcomes 

1a. Knowledge 
1b. Behavior/response to new practices or technologies  

2. Population/ 
Species Outcomes 

2a. Abundance  
2b. Biomass  
2c. Age/Size Structure  
2d. Behavior  
2e. Recruitment  
2f. Reproduction  
2g. Species Range & Spatial Extent  
2h. Dispersal  
2i. Connectivity  
2j. Body Conditions 
2k. Adaptability 

3. Ecological 
Community 
Outcomes 

3a. Species Diversity  
3b. Trophic Structure  
3c. Functional Redundancy  
3d. Species Interactions  
3e. Habitat Quantity (Cover and Extent)  
3f. Habitat Quality  
3g. Habitat Connectivity  

4. Ecosystem 
Function 
Outcomes 

4a. Productivity  
4b. Herbivory  
4c. Predation  
4d. Biogeochemistry  
4e. Coastal Processes  

5. Ecosystem 
Services 
Outcomes 

5a. Provisioning Services  
5b. Regulating Services  
5c. Supporting Services  
5d. Cultural Services  

6. Human 
Wellbeing 
Outcomes 

6a. Economic  
6b. Resource Based Livelihoods  
6c. Individual or Community Wellbeing  
6d. Food Security  
6e. Health  
6f. Education  
6g. Basic Infrastructure  
6h. Social Capital  
6i. Culture  

7. Governance 

7a. Participation and Engagement 
7b. Political Capital  
7c. Institutions  
7d. Property Rights  



Evidence Mapping: Mangroves   | 

 
 

24 

Comprehensiveness of the Search  

In August of 2018, initial scoping exercises performed in Web of Science, Scopus, CAB abstracts, 

and ASFA yielded approximately 104,987 potentially relevant studies. A reference test list of 

twenty articles was developed to check to the comprehensiveness of the search strategy. Searches 

were refined until 75% of the of the reference studies were retrieved.   

Article Screening and Data Extraction  

 

Searches 

Once searches were completed, the results from the search strategy were compiled into Endnote 

X8 and duplicates were removed using Endnote’s Find Duplicates tool. Since the current search 

strategy yields approximately 104,487 potentially relevant studies, we opted to evaluate a 10% 

random subset of the original search strategy, due to resource limitations. The subset of articles 

were screened against our set of inclusion and exclusion criteria, first applied to titles and abstracts, 

and then to full text.  

 

Inclusion criteria  

Studies were included if they met the following criteria: 

 

Population  

The following populations will be included: 

● The study focuses on coral, seagrass, or mangrove habitats 

AND/OR 

● Relevant human populations include individuals, households or communities, or nation 

states directly reliant, adjacent, or inextricably connected to coral, mangrove, or seagrass 

habitats, or the species which rely on them for survival  

The following populations will be excluded: 

● The study does not have a clearly defined population (e.g. global good, coastal ecosystems 

broadly, etc) 

● Papers on deep sea and cold water corals and papers on temperate seagrasses will not be 

included  
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Intervention 

The following studies will be included: 

● Studies that evaluate the establishment, adoption, or implementation of a conservation 

intervention that aims to manage, restore, improve, or increase the capacity of a site, area, 

natural process, or species within coral, mangrove, or seagrass ecosystems will be included. 

The following interventions will be included: 

● Studies that evaluate: land/water management; species management; awareness raising; 

enforcement and prosecution; livelihood, economic, and other incentives; conservation 

designation and planning; legal and policy frameworks; research and monitoring; 

education and training; and institutional/organizational development.  

The following studies will be excluded: 

● Studies that do not include a conservation intervention will be excluded. 

● Studies that simulate conservation interventions will be excluded. 

 

Outcome 

The following outcomes will be included: 

● The study describes effects on one or more domains of ecosystem health or human well-

being categorized as follows: knowledge and behavior change, population/species 

abundance/diversity, community structure, ecosystem cover/condition, ecosystem 

services, human wellbeing, and governance.  

The following outcomes will be excluded: 

● Studies that do not measure or describe ecological or social outcomes of interest. 

 

Study design 

The following study designs will be included: 

● Study designs will be included if they attempt to measure the effect of a conservation 

intervention, including experimental, quasi-experimental, and non-experimental studies.  

● Relevant non-experimental studies include studies that measure change through a narrative 

or observational case study.  

● The following types of secondary studies will be included and set aside for separate 

analyses: meta-analyses, systematic reviews, systematic maps, and evidence gap maps.  
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The following study designs will be excluded:  

● Theoretical studies, opinion pieces, studies where outcomes are modeled or predicted, 

studies where the population is not defined  

● The following secondary studies will not be included: literature reviews 

● Studies where a conservation action is not the study intervention 

 

Comparator 

The following comparators will be included: 

● Temporal (before/after), spatial (distance from site), between groups (inside/outside), and 

between control and intervention (with/without) 

The following comparators will be excluded: 

● Studies which do not have a comparator 

 

Screening Process 

All articles retained in the 10% random sample were first reviewed at the title/abstract level in 

Colandr (Cheng et al., 2018), an open source, machine learning software. Each article was double-

screened in Colandr to ensure it met the predetermined inclusion criteria and to reduce coder bias. 

If a reviewer was uncertain about study inclusion, it was marked with a set of predetermined flags 

in Colandr. If two reviewers were in conflict on study inclusion, the article was pushed to the 

Conflict folder in Colandr. All conflicts were discussed and resolved by the two reviewers, or in 

the larger review group when necessary. Studies that were included at the title/abstract level were 

again assessed against the inclusion and exclusion criteria at the full text level. Each article was 

full-text screened by two reviewers again, to reduce coder bias and ensure consistency. Any 

conflicts between reviewers was discussed and resolved before submitting data extraction forms. 

There were several team meetings throughout the screening process to ensure reviewer 

consistency. An additional file of articles rejected during the full-text assessment will be provided 

in an additional file once the full Bass Connections project is completed. 
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Screening Process: Isolating Mangrove Studies  

The process of identifying and reviewing mangrove papers occurred at the full text review/data 

extraction stage. From the articles that were included after title/abstract review for full text 

searching, a search of the term “mangrove” was conducted on full-text articles in Endnote X8, and 

those articles that included the term mangrove were flagged, and screened at the full text stage 

first. Subsequently, those articles that were mangrove focused and met PICO were included in our 

systematic map. 

 

Articles that were caught in our mangrove search but did not actively study mangroves, or the 

effect of interventions on mangrove ecosystems or the people who rely on them, were kicked back 

into the full text library to be reviewed later. Any mangrove articles missed and later identified in 

the full text library will be coded as mangrove papers when identified. Mangrove articles could 

have slipped through our initial search for “mangroves” within full text articles for two primary 

reasons: (1) mangroves are referenced by their scientific name, or (2) PDFs searched for 

“mangroves” were not formatted to be able to query article text.  

 

Data Extraction Questionnaire  

Data extraction occurred in conjunction with full text screening. As in the title and abstract 

screening stage, a double-blind double screening method was employed to ensure consistency and 

to reduce coder bias. The initial framework for the data extraction questionnaire was identified 

through a review of similar systematic map studies and then subsequently revised through an 

iterative process involving the full project team. Broad categories of data extracted include: (1) 

general information, (2) bibliographic information, (3) basic study information on study location, 

scope, design and habitat, (4) data on conservation interventions, and (5) data on ecological and 

social outcomes. See appendix for full data extraction questionnaire (Appendix II).  

 

Critical Appraisal of Study Internal Validity 

A critical appraisal of study quality and strength was not formally undertaken here, although the 

internal validity of included studies can be heuristically evaluated using information from the data 

extraction questionnaire (i.e. study design, data type). The primary objective of our map is to 
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characterize the evidence base through identifying a representative sample of all relevant literature 

using our comprehensive search strategy.  

 

Data Mapping 

A matrix of conservation interventions and ecological and social outcomes was compiled into a 

structured heatmap (ie “evidence map”) using R (code provided by David Gill, adapted from 

Samantha Cheng (https://github.com/scheng87/profor)). Using our data extraction strategy, 

studies can be further filtered and characterized to assess key trends in the data.  

 

Omitted Sections   

A search of organizational websites for grey literature was not conducted for our Master’s project, 

due to limitations in time and resources, but will be part of the larger final report. The ASFA 

database offered one exception, as it includes grey literature in its database. Further, meta-analysis, 

systematic maps, gap maps, and systematic reviews, which meet our inclusion criteria, were also 

omitted from our Master’s project report, but will be coded and appropriately included in the larger 

Bass Connections final report.  

 
Results 

Number of Articles 

 
The search strategy identified approximately 105,000 potentially relevant articles across all habitat 

types. Due to time and resource constraints, we took a 10% random sample of the articles 

(n=10,517) to construct the Bass Connections systematic map (in progress). After title and abstract 

screening, we identified 779 potentially relevant articles. When we separated the mangrove articles 

from the other habitats of interest for full text screening, 220 potentially relevant articles were 

identified. Of these, 58 were kicked back for review later (non-mangrove focused, n=39; 

systematic map/review or meta-analysis, n=9) and 132 articles were excluded (did not meet 

inclusion criteria, n=123; could not locate full text, n=9). After full text screening, 39 mangrove 

articles were ultimately included and coded using our data extraction questionnaire. Figure 3 

details the step-by-step results of our mangrove specific systematic mapping process. A 

bibliography of the included articles is included as an appendix (Appendix V). 
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Fig. 3 Diagram of articles identified during initial search, and retained following title/abstract 
and full text screening (Adapted from Moher et al., 2009) 
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Studies Over Time 

 

Our search strategy discovered no articles examining conservation interventions within mangrove 

ecosystems prior to 1997 and only a few articles prior to 2010. In 2010, the number of articles 

increased (more than double any previous year prior to 2010) with articles published more 

frequently thereafter (Fig. 4). 

 

 
Fig. 4 The number of articles published over time 
 
 

Study Design and Data Type 

 

Included articles used a range of different comparators (Fig. 5). The most common comparators 

utilized included presence/absence of the intervention (n=19), comparisons over time (n=15), and 

comparisons between geographic sites (n=12). The most frequently examined scale of study was 

local (n=18), followed by subnational (n=16). Very few included articles examined interventions 

at a national, regional, or global scale (Fig. 6). 
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Fig. 5 Frequency of articles by comparator type (articles can utilize more than one comparator)  
 

 

 
Fig. 6 Frequency of articles by scale of study 
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Fig. 7 Frequency of articles by data type                 Fig. 8 Frequency of articles by data type 
 

 
Fig. 9 Frequency of articles by quantitative study design (articles can utilize more than one study 
design)  
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Studies on Human Populations 

 
Only 8 (20%) of the 39 included articles examined effects on human groups (Fig. 10). Of these, 

four articles examined effects on gender, three examined effects on age, two examined “other” 

effects, two examined socioeconomic effects, and one examined geographic effects (Fig. 11). 

 

 
Fig. 10 Frequency of articles examining effects on human groups 
 

 
Fig. 11 Frequency of articles examining effects on human groups separated by the types of effects 
on human groups (articles can investigate effects on more than one type of human group)  
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Geography and Scale of Included Studies 

 

Our systematic map included studies from all continents within our geographic scope- the tropics 

(Fig. 12; Fig. 13). The continent with the most mangrove studies was Asia (n=19, 49%), followed 

by South America (n=6, 15%), Oceania (n=6, 15%), and Africa (n=4, 10%) (Fig. 12). The 

countries with the most articles were Australia, Brazil, India, Indonesia, and the Philippines (n=5 

for each country) (Fig. 14). 

 

 
Fig. 12 Frequency of articles by continent/region of study (articles with studies occurring at global 
or regional study scales can be counted within multiple continents/regions) 
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Fig. 13 Geographic distribution of articles (articles with studies occurring at global or regional 
study scales can be counted within multiple continents/regions) 
 

 
Fig. 14 Frequency of articles by country of study (articles with studies occurring in multiple 
countries can be counted within multiple countries) 
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Types of Conservation Interventions Studied in Mangrove Ecosystems  
 

This systematic map analyzed the distribution and extent of articles relevant to ten overarching 

intervention categories that reflect the IUCN CMP Conservation Action Classification v2.0 

framework commonly used by practitioners (Table 3). In interpreting these results, it is important 

to note some of the literature examined multiple linkages within a single study, and subsequently 

may be counted in multiple linkages. The most studied intervention categories were “I6. 

Conservation Designation & Planning” (n=17, 44%), “2. Species Management” (n=14, 36%), “I1. 

Land/Water Management” (n=12, 31%), and “I8. Research & Monitoring” (n=8, 21%). All other 

interventions were rarely studied (n<4), and “I3. Awareness Raising,” and “I9. Education & 

Training” were not examined at all (Fig. 15). Examining the intervention subcategories (Table 3) 

shows that the most commonly studied sub-interventions were “I6a. Protected Area Designation 

and/or Acquisition” (n=13, 33%), “I1b. Restoration” (n=9, 23%), and “I2b. Fisheries 

Management” (n=7, 18%) (Fig. 16). 
 

 
Fig. 15 Frequency of articles by intervention category examined (articles can be coded in more 
than one intervention category) 
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Fig. 16 Frequency of articles by intervention subcategories examined (articles can be coded in 
more than one intervention subcategory) 
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Social and Ecological Outcomes of Conservation in Mangrove Ecosystems 
 

Overall, most articles studied ecological outcomes, with “O2. Population/Species” being the most 

commonly examined outcome (n=23, 59%), followed by “O3. Ecological Community” (n=22, 

56%). Social outcomes were comparatively less studied with “O1. Knowledge & Behavior” (n=14, 

36%), “O6. Human Well-being” (n=12, 31%), and “O7. Governance” (n=11, 28%) all being 

documented between 11 and 14 times (Fig. 17). Notably, “O4. Ecosystem Function” (n=7, 18%) 

was infrequently documented, and “O5. Ecosystem Services” (n=2, 5%) was documented only 

twice (Fig. 17). Examining the outcome subcategories shows that the most commonly studied sub-

outcomes were “O2a. Abundance” (n=16, 41%) and “O3a. Species Diversity” (n=14, 36%), 

followed by “O2c. Age/size Structure” (n=11, 28%) and “O1a. Knowledge” (n=11, 28%) (Fig. 

18). The most studied social sub-outcome after “O1a. Knowledge” was “O7a. Participation and 

Engagement” with 8 occurrences. 
 

 

 
Fig. 17 Frequency of articles by outcome category evaluated (articles with multiple outcomes can 
be counted in more than one outcome category) 
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Fig. 18 Frequency of articles by outcome subcategories examined (articles with multiple 
interventions can be counted in more than one intervention subcategory) 
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Intersection of Conservation Activities and Social and Ecological Outcomes 

 

Fig. 19 Evidence “heat” map visualizing frequency and distribution of evidence. Articles can fall 
into more than one cell, or “linkage.” 
 

Our systematic map, or heat map, illustrates the distribution and frequency of articles which 

evaluate social and/or ecological impacts of conservation interventions in mangrove ecosystems 

(Fig. 19). Linkages with higher numbers (darker squares) indicate relatively high occurrences of 

articles, while linkages with lower numbers (lighter squares) indicate relatively fewer occurrences 

of articles. 
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In total 7% of linkages have ‘evidence’ (5 linkages), 13% of linkages have ‘some’ evidence (9 

linkages), and 80% of linkages have ‘evidence gaps’ (56 linkages). We arbitrarily defined 

‘evidence’ to be linkages with ≥8 occurrences, ‘some evidence’ to be linkages with between 7-3 

occurrences, and ‘evidence gaps’ to be linkages with ≤ 2 occurrences. 

 

Three conservation interventions and two ecological outcomes intersected (6 linkages total, 5 high 

evidence linkages, 1 some evidence linkage) to account for a majority of the evidence base, and 

include all five ‘evidence’ linkages in this systematic map. These linkages are between the 

interventions “I1. Land/Water Management,” “I2. Species Management,” and “I6. Conservation 

Designation & Planning,” and the outcomes, “O2. Population/Species” and “O3. Ecological 

Community” (Fig. 17).   

 

In addition to the six linkages described above, eight linkages with ‘some’ evidence were 

identified. Specifically, there was at least one linkage with ‘some’ evidence within all social 

outcome categories. The only outcome without at least one high or moderate evidence linkages 

was “O5. Ecosystem Services.” 

 

Evidence gaps were pervasive throughout the rest of our systematic map, with the majority of these 

linkages including two or fewer occurrences of evidence (56 out of 70 linkages) and over half of 

the linkages in our systematic map identify zero occurrences of evidence (37 out of 70 linkages). 

Notably, in “O3. Awareness Raising” and “O9. Education & Training,” there were no identified 

occurrences across any of the ten interventions (Fig. 19).  
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Discussion 
 

This study is the most comprehensive systematic map investigating the social and ecological 

impacts of marine-focused, mangrove conservation interventions to-date. Our systematic map 

illuminates apparent knowledge gaps and biases within the existing literature on mangrove 

conservation. In so doing, it provides a strong foundation to potentially direct future analysis of 

conservation impacts within mangrove ecosystems and the populations that directly rely on them.  

 

Limitations of the Map 
 

While the aim of our systematic map is to be comprehensive, our map is not exhaustive. The scope 

of this systematic map, particularly in the context of our Master’s project, has been limited in a 

number of ways.  

The initial Bass Connections search strategy produced approximately 105,000 articles, far too 

many for our team to examine given our timeline of one year. As a result, we limited our review 

to a 10% random subset of the original search results. This introduced a new source of potential 

error; it is possible our random sample may not actually be representative. However, in running a 

power analysis, we found that we could say our sample size was representative of the larger 

evidence base with 99% confidence. Further, we checked the ratio of articles with the term 

‘mangrove’ referenced in the title, abstract, or keywords for both the original search results and 

our 10% random sample and found their ratios to be comparable; approximately 3.2% and 3.0%, 

respectively. 

For the Master’s project, time constraints further necessitated the omission of grey literature and 

mangrove related systematic maps, reviews, and meta-analysis, which will be included in the full 

Bass Connections project. In omitting grey literature, we may have missed a significant dimension 

of the evidence base, including key insights that, while unpublished, could have informed our map. 

By foregoing the evaluation of other systematic syntheses, we limited our capacity to discuss 

synthesis gaps and their relevance to our findings. Further, we limited our systematic map to 

literature published in English, which led to the exclusion of articles published in other languages 

that might hold valuable evidence.  
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In addition to limitations within our search strategy were caveats within our screening process. It 

is possible insightful articles were excluded due to our inclusion/exclusion criteria. For example, 

excluding articles with no comparator may have disproportionately affected the number of articles 

retained examining impacts on social outcomes (McKinnon et al., 2016). 

 

Lastly, a limitation of this systematic map, and of systematic maps more generally, is the 

acknowledgement that the frequency of evidence is not necessarily correlated with positive or 

negative impact. Because no critical appraisal is done to evaluate quality or directionality of 

evidence, substantial ‘evidence’ simply means a linkage is densely studied. However, in 

acknowledging these limitations, systematic maps can perform an essential role that carries 

implications and provides insight for researchers, policy makers, and practitioners. 

 

Geographic Gaps in Research Efforts 

 

There was a disproportionately high volume of the studies included in our map that were conducted 

in Asia, and a notable lack of studies conducted in non-Asian countries with extensive mangrove 

populations. Specifically Nigeria and Mexico, which rank as two of the top five countries in the 

world for mangrove coverage by area (Giri et al., 2010), recorded zero studies. The other three 

countries (Australia, Brazil, and Indonesia) within the top five were equally represented in our 

systematic map. As such, although there is significant mangrove extent within both of these 

countries, it appears that these areas may be underrepresented in much of the research. 

 

Biases in Interventions Evaluated 

 

Within our map there was a bias towards evaluating the impacts of protected areas, fisheries 

management, and restoration efforts. This is hardly surprising, considering the continued interest 

surrounding marine protected areas and the ease of measurability of impact of these conservation 

tools in regard to area-based goals stated in the UN Sustainable Development Goal 14.5 (Campbell 

and Gray, 2019). Moreover, our results portrayed a high area of research in fisheries management, 

which often overlaps with regulations within protected areas.  In regard to mangrove restoration 
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efforts, this bias is also unsurprising since mangrove restoration and replanting programs have 

attracted significant attention and interest in recent years and are being increasingly incorporated 

into conservation agendas (IUCN, 2019). As such, biases towards evaluations of these 

interventions appear to demonstrate and reflect the increased advocacy for and interest in their use 

as conservation tools. 

 

Biases in Types of Outcomes Measured 

 

The most apparent bias within our systematic map is the strong focus on ecological outcomes as 

compared to social outcomes. Moreover, specifically in regard to our systematic map, areas of 

‘evidence,’ and therefore linkages that were more commonly studied, were strongly associated 

with ecological outcomes whereas areas with ‘some evidence,’ and therefore linkages that were 

less commonly studied, were strongly correlated with social outcomes. This pattern in the 

dominance of ecological outcomes measured by environmental indicators over social outcomes 

with metrics measuring human well-being has been documented by other systematic maps and 

cited as being in part a result of an observed bias within conservation programs and policies 

(McKinnon et al., 2016). One potential reason is the fact that it is far easier to quantify ecological 

outcomes, such as fish abundance, potentially leading to these outcomes being more apparent in 

the results of systematic maps. However, it is important to recognize that preference of study or 

some other subjective factor may not be the sole or primary cause of this pattern. Some authors 

have acknowledged that this bias itself may simply be due to the impediments encountered in 

attempting to quantify social outcomes. For example, outcomes pertaining to culture or other 

aspects of human well-being may simply be difficult to measure (McKinnon et al., 2016; Cheng 

et al., 2019). 

 

Limited to No Evidence for Impact of Conservation on Ecosystem Services  

 

One particular group of linkages for which we anticipated higher numbers of evidence were 

linkages associated with the ecosystem services outcome. Our systematic map identified two 

articles that fell within three different linkages connected to ecosystem services in our map. 

Considering there is a thorough body of literature examining ecosystem services related research 
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(Cheng et al., 2019; Rodrigues et al., 2017; Liquete et al., 2013), it is interesting that within our 

map that almost no studies evaluated this outcome, suggesting little research has been done to 

evaluate this relationship in the context of mangrove conservation. However, also of interest is the 

fact that, in their systematic map, Cheng et al. (2019) asserts ecosystem services were substantially 

researched in areas such as payments for ecosystem services, essential habitat protection, and 

mechanisms for linked-livelihood benefits, but not in relation to non-monetary ecological benefits. 

Within the context of our study, this pattern could perhaps suggest that this is due to the fact that 

mangroves exhibit many (although not exclusively) non-monetary benefits such as their value for 

carbon sequestration. However, this lack of evidence is perhaps also indicative of a broader pattern 

within the literature, specifically that ecosystem services are not commonly examined within the 

context of conservation interventions and/or those pertaining to mangrove habitats. Subsequently, 

our map suggests more theory development may be necessary to understand the potential for and 

practicality of a relationship between ecosystem services and conservation interventions in 

mangrove forests. 

 

Gaps in Understanding System Level Actions  

 

As highlighted in Cheng et al. (2019), there is an apparent bias in research investigating the ways 

in which conservation is directly impactful towards people and/or natural resources as opposed to 

research focused on the effects of changes in the infrastructure around conservation measures (i.e. 

governance, monitoring and evaluation) and how this influences their success. For example, the 

most studied sub-interventions identified in our map were protected area designation and/or 

acquisition, restoration, and fisheries management. The most studied sub-outcomes were species 

abundance, species diversity, and changes in habitat quality or quantity. These three sub-

interventions directly impact people and their communities as well as specific species of interest, 

with the most common evaluations of impact being done on how these interventions impact the 

environment and relevant species. However, there is a noticeable lack of studies that examine 

governance structures, enforcement and monitoring programs, and participation and engagement 

within our map, even though these are frameworks and practices upon which a significant number 

of conservation interventions are reliant (Ban et al. 2011; Douvere & Ehler 2011; McIntosh et al., 

2018; Oldekop et al., 2016; Spalding et al. 2016). Thus, our map suggests it is increasingly 
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apparent that the social and technical mechanisms essential for conservation to succeed are 

understudied. This is a troubling realization, and one that reaches far beyond mangrove ecosystems 

(McKinnon et al., 2016; Cheng et al., 2019). As such, this realization is one that should inspire 

more research in these areas to fill these important gaps. 

 

Recommendations for Use 

 

Our systematic map is useful in demonstrating of the existing evidence and linkages related to 

specific conservation interventions and social and ecological outcomes. While it does not reveal 

conservation successes or failures, it helps to elucidate areas of mangrove conservation focus or 

lack thereof over the past 20 years. By providing this information in an accessible medium, our 

map can help conservation organizations and decision-makers decide where future research on 

mangroves in tropical ecosystems should be directed, and therefore, which projects to fund 

relevant to specific mangrove-focused conservation interventions. For instance, our map reveals a 

high concentration of evidence regarding protected area designation as a conservation intervention. 

Thus, if organizations are interested in projects related to marine protected areas, our map can aid 

in informing those research efforts by providing the relevant literature. Further, our map can also 

influence the decision-making process of whether to fund research for such an initiative by 

demonstrating the extent to which this intervention group has already been studied within 

mangrove ecosystems. Additionally, our map can provide the relevant literature for a systematic 

review to be conducted on studies of protected area designation interventions within mangrove 

habitats to further understand the directionality of effect and multiplicity of potential impacts of 

specific interventions as well as how they differ by geography and other factors.  

 

We also suggest that our map be used by researchers to expand the research field and to fill in 

areas where there are ‘evidence gaps.’ While researchers may be interested in pursuing more 

popular areas of research interventions, such as those relating to land/water and species 

management for reasons such as ease and popularity in the field, further consideration should be 

given to the examination of the less studied linkages that have the potential to provide benefits to 

the greater conservation community. Potential areas for research questions and theory 

development include (1) between all conservation interventions types and impacts on ecosystem 
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services, (2) between interventions focused on education, training, or awareness raising and all 

social and ecological impacts, (3) between enforcement and protection and all social and 

ecological impacts, and (4) between livelihood, economic and other incentives and all social and 

ecological impacts.  These linkages illuminate apparent gaps in evaluating the social impacts of 

conservation and the bias towards examining human community outcomes rather than human 

based interventions. Moreover, our map emphasizes the information gap linking conservation and 

how it can support the U.N.’s Sustainable Development Goals, as pointed out by numerous other 

conservation oriented systematic maps (McKinnon et al., 2016; Cheng et al., 2019). 

 

Lastly, we recommend that our systematic map be considered for use by the Mapping Ocean 

Wealth partnership, Mangroves for the Future, and other mangrove conservation websites and data 

portals seeking to advocate for the protection of mangroves, in addition to the Global Mangrove 

Alliance and the Evidence for Nature and People Data Portal which are actively looking to 

incorporate our findings. These global partnerships and online data sources serve as knowledge 

hubs within the fields of mangrove conservation and evidence synthesis respectively and as such 

have the capacity to functionalize and increase awareness of our findings in a productive, efficient, 

and informative way. Sharing our map on these platforms will help to enhance the current 

knowledge base regarding mangrove conservation, would provide an avenue for future analysis of 

our results by other interested users, and would further direct focus and provide insight as well as 

introspection into current and future global mangrove conservation practices as well as the social 

and ecological footprints of continued action in this area of study. 
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Conclusion 
 

The value of evidence synthesis within conservation research is becoming increasingly recognized 

throughout the conservation community worldwide. Our systematic map provides the first 

typology specific to the marine environment, as well as a heat map illuminating the extent and 

occurrence of evidence for social and ecological impacts of conservation interventions within 

mangrove habitats. We highlight the potential of this map to inform users of the existing evidence 

base evaluating conservation efforts related to mangrove ecosystems as well as provide a specific 

focus on particular linkages and patterns of interest. This project also provides a library of articles 

highlighting the existing evidence for conservation in mangrove forests, and finally, a transparent 

methodology that can directly support efforts to further systematically build upon our evidence 

base. 

 

Users of this map should keep in mind that this systematic map is based off a random 10% 

subsample of literature (which given our sample size is enough to suggest that our findings should 

be representative of the larger evidence base) and further, that our report is part of a larger Bass 

Connections project that is still in progress. The larger Bass Connections project will add evidence 

for conservation interventions in tropical seagrass and tropical coral habitats to our mangrove 

literature, and also incorporate types of literature we may have missed (grey literature and other 

systematic synthesis). As such, we encourage readers who are keen, to seek out the results of the 

full Ocean Evidence Systematic Map Bass Connections project report addressing the evidence for 

conservation interventions in coastal tropical marine ecosystems broadly. Nonetheless, our report 

as a standalone product provides a strategic visual, an informative bibliographic database, and a 

conservation intervention typology adapted to the marine environment, which enables the 

identification of important insights related to conservation efforts in mangrove forests.  
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Appendix 

APPENDIX I: Omitted Section from Bass Connections Methods  

 
Organizational websites to be searched for grey literature  
 

● A Rocha International 
● Biodiversity Support Program 
● California Cooperative Oceanic Fisheries Investigations  
● Caribbean Natural Resources Institute 
● Centre for Environment, Fisheries & Aquaculture Science (CEFAS)  
● Conservation International (CI)  
● Collaboration for Environmental Evidence library  
● Conservation Evidence  
● Coral Reef Alliance  
● Coral Reef MPAs of East Asia and Micronesia  
● Department of Conservation, New Zealand 
● Department for Environment, Food and Rural Affairs 
● Department of Sustainability, Environment, Water - Australia  
● Food and Agriculture Organization (FAO) 
● Global Mangrove Alliance 
● International Institute for Environment and Development 
● The Nature Conservancy  
● International Union for the Conservation of Nature (IUCN)  
● Joint Nature Conservation Committee (JNCC)  
● Locally-Managed Marine Area (LMMA) Network  
● NatureServe  
● NCCOS Center for Coastal Monitoring and Assessment  
● NOAA National Marine Protected Areas Center  
● Rare  
● United Nations Environment Programme (UNEP)  
● UNEP – World Conservation Monitoring Center (UNEP-WCMC)  
● United Nations Development Programme (UNDP) 
● United States Agency for International Development (USAID) 
● USAID Development Experience Clearinghouse 
● Wildlife Conservation Society  
● World Bank  
● World Wide Fund For Nature (WWF) 

 
*subject to change 
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APPENDIX II: Data Extraction Questionnaire & Definitions   
 
0. General Info 

0.01 Article ID 
 0.02a First assessor 
 0.02b Second assessor 
 0.03 Date of assessment 
 0.04 Full text screening? 
 0.05 If rejected, why? 
 0.06 Notes on exclusion 
1. Bibliographic Info 
 1.01 Publication type 
 1.02 Author(s) 
 1.03 DOI 
 1.04 Year of publication 
 1.05 Title 
 1.06a Journal name 
 1.06b Volume 
 1.06c Page # 
 1.07 Affiliation of author 
 1.08 Affiliation type 
 1.09 Funding source 
2. Basic Study Info 
 2.01 Study objective 
 2.02 Continent 
 2.03 Country(ies) 
 2.04 Habitat type 
 2.05 Primary or secondary data? 
 2.06 Study design 
 2.07 What type of data does this study consider? 
 2.08 Scale of study 
 2.09 Comparator type 
 2.10 What is the study population? 
 2.11 Does the study explicitly examine impacts on different human groups? 
 2.12 If so, what types of different groups? 
 2.13 Notes on study 
3. Intervention Info 

3.01 Description of intervention 
 3.02 Intervention category 
 3.03 Intervention subcategory 
 3.04 Geographic scale of intervention 
 3.05 Date of intervention establishment 
 3.06 Other comments not captured (if necessary) 
4. Outcome Info 

4.01 Description of outcome 
 4.02 Outcome category 
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 4.03 Outcome subcategory 
 4.04 Variable 
 4.05 Other comments not captured (if necessary) 
 
Data Extraction Definitions  
 
Study Design 

● Experimental: Random assignment of subject to treated (experimental) and untreated 
(control groups) 

● Quasi-experimental: Similar to experimental, but lacks random assignment 
● Non-experimental: Draws inferences about the effect of a treatment on subjects, where 

assignment of subjects into a treated versus control group is outside of the researcher's 
control 

● Qualitative: Qualitative evaluation design options focus almost exclusively on the 
sampling framework and not statistical power or how exposed and unexposed cases are 
compared. Individual cases are weighted more heavily because the evaluator is not 
looking for population-based trends. 

 
Data Type 

● Primary: Primary studies collected their own data 
● Secondary: Secondary studies analyze or summarize existing research 

 
Scale of Study 

● Global: Study sites across multiple countries that are not geographically similar or a 
global study of something 

● Regional: Study sites across multiple countries that are geographically similar (i.e. 3 east-
African countries) 

● National: Study sites across one country 
● Subnational: Multi-site across several localities (i.e. three villages, i.e. Beaufort/ 

Morehead/Newport) 
● Local: One study site (i.e. a marine protected area, a biosphere reserve) 

 
Comparator Type 

● Time: Over time, before/after 
● Design variation: Changes to design of intervention/implementation 
● Presence/absence: Presence of intervention v absence of intervention 
● Geographic: Distance from intervention, intervention implemented across various sites 
● Among groups: How an intervention affects various groups (income, cultural, user 

groups)  
● Intervention type: Comparing multiple interventions   
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APPENDIX III: Interventions with Examples 
 
The following intervention categories, subcategories, and definitions are adopted from IUCN’s CMP Conservation 
Actions Version 2.0. A non-exhaustive list of examples that are relevant to our research question have been 
included, reflecting how this intervention framework pertains to the marine environment. We believe these 
categories best encompass the elements related to our research question: What is the extent and occurence of 
evidence for ecological and social impacts of conservation interventions within tropical coral reef, mangrove, and 
seagrass ecosystems? 
 
 

Intervention 
Category; 
Definition 

Intervention Subcategory; 
Definition 

Examples 

1. Land/Water 
Management 
 
Actions directly 
managing or restoring 
sites, ecosystems and 
the wider environment 

1a. Site/Area Stewardship 
Enhancing viability / mitigating stresses for 
sites and/or ecosystem targets, especially on a 
smaller scale, how the site/area is managed  

Using microbes to clean up oil spills, 
routine maintenance in a protected 
area, managing park visitors to 
reduce disturbance, invasive species 
management (e.g. removing lionfish 
and crown of thorns), 
pollution/runoff management 
 
Interested in how the IUCN Protected 
Areas are managed. 
 
These areas include: 

a. Strong Nature Reserve 
b. Wilderness Area 
c. National Park 
d. Natural Monument or 

Feature 
e. Habitat/Species 

Management Area 
f. Protected 

Landscape/Seascape 
g. Protected area with 

sustainable use of natural 
resources 

1b. Restoration 
Activities aimed at restoring missing or 
severely degraded ecosystems to a prior, more 
natural state (at any scale) 

Creating habitat corridors, restoring 
seagrass and/or mangrove habitats on 
degraded lands, creating artificial 
reefs, managing dams to simulate 
natural hydrological regimes, blue 
carbon restoration projects  

1c. Ecosystem & Natural Process 
Management  
Activities about creating, enhancing, or 
maintaining  ecosystem processes and 
functions  

Ridge to reef management, watershed 
management, habitat creation in 
previously uninhabited areas 
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2. Species 
Management 
 
Actions directly 
managing or restoring 
specific species or 
taxonomic groups 

2a. Habitat (seagrass, mangroves, coral) 
management  
Non-fisheries management. Regulating 
harvest of individual species, or multiple 
species, and stocks to maintain 
population/species viability 

Management of harvests of 
mangroves for fuelwood, harvesting 
seagrass for subsistence and 
livelihood use, harvesting corals, 
through quotes, seasonal restrictions, 
fines, etc. 

2b. Fisheries management 
Regulating harvest of individual species, or 
multiple species, and stocks to maintain 
fishery population/ viability and/or maximize 
sustainable yields 

Establishing quotas, seasonal 
restrictions, gear restrictions, gear 
types, catch limits, moratoriums 

2c. Species stewardship 
Enhancing viability of / mitigating stresses to 
specific taxa within their current range 

Protecting spawning sites, nesting 
sites, breeding grounds, maintaining 
nursery areas of specific species, 
population management, shelter and 
reproduction management, 
disease/injury management, 
movement/migration management, 
interspecific interaction management. 

2d. Species Reintroduction and 
Translocation 
Transferring species or genetic material to 
places where they formerly occurred or to 
suitable future habitat or benign introductions 
of species to an ecosystem 

Re-introductions of species, 
transplants 

2e. Ex-Situ Conservation 
Protecting specific taxa in artificial settings 
with the aim of ultimately restoring them to 
their natural settings 

Coral grow-out and transplantation, 
hatcheries 

3. Awareness Raising 
 
Actions making people 
aware of key issues 
and/or feeling desired 
emotions, attitudes, 
opinion designed lead 
to behavior change 

3a. Outreach & Communications 
Promoting desired awareness and/or emotions 
and subsequent attitude change by providing 
information to target audiences through 
appropriate channels 

Traditional media, social media, and 
public engagement and campaigns 

3b. Protests & Civil Disobedience 
Promoting desired awareness and subsequent 
desired behavior change by conducting 
protests, naming and shaming, civil 
disobedience, or sabotage activities 

Sea Shepherd and Greenpeace 
campaigns to end whaling (boarding 
ships, blocking ships) 

3c. Political Lobbying and Campaigning 
Actions by individuals or groups which 
attempt to influence the decisions of the gov. 

Campaigns to lobby for specific legal 
or policy actions - e.g. dolphin-safe 
tuna, plastic straws 

4. Enforcement & 
Prosecution 
 
Actions monitoring and 

4a. Monitoring / Detection  
Identifying the presence of violators or 
violations 

Counting fishing boats in protected 
areas, monitoring wildlife trafficking 
across borders, water quality 
monitoring 



Evidence Mapping: Mangroves   | 

 
 

62 

enforcing compliance 
with existing laws and 
policies (including 
customary) at all levels 
to deter threats or 
compel conservation 
action 

4b. Criminal Prosecution & Conviction 
Ensuring appropriate application of sanctions 
for violations of existing laws and policies 

Collecting evidence to prosecute a 
wildlife trafficker, holding trials for 
alleged law breakers, monitoring to 
ensure criminals/violators serve time 
and pay fines, arrests for violations 

4c. Non-Criminal Legal Action 
Threatening or bringing non-criminal legal 
action to get individuals, organizations, 
agencies or firms to change or deter undesired 
behaviors or compel conservation action 

Suing an agency to take action to 
protect an endangered species, suing 
a company to stop illegal fishing, 
agency review of policies or projects 

4d. Customary law/rule enforcement 
Strengthening/supporting existing abilities to 
exercise customary rules of access and use. 
Discouraging, deterring, and/or directly 
stopping violations of existing social and/or 
cultural norms and taboos 

Threat of ostracism, retraction of 
membership in community/social 
networks/bodies, fines, boycotting, 
interdicting an illegal fishing vessel, 
warnings,  

5. Livelihood, 
Economic, and other 
Incentives 
 
Actions using 
livelihood, other 
economic and moral 
incentives to directly 
influence attitudes and 
behaviors 

5a. Linked Enterprises & Alternative 
Livelihoods 
Developing enterprises that directly depend on 
the maintenance of natural resources or 
provide substitute livelihoods as a means of 
changing attitudes and behaviors 

Non-timber forest product harvesting 
(mangrove related), ecotourism, agar 
farming, pearl farming, alternative 
use of natural resources, aquaculture, 
fish farming, aquaculture 

5b. Consumer or producer substitution, 
through technology or product innovation 
Developing, promoting and/or providing more 
environmentally friendly equipment or 
practices that replace or substitute for 
unsustainable ones. Can be implemented at 
individual, community, or fishery scale.  

Developing fishing gear to minimize 
bycatch, providing alternative 
method to cyanide and dynamite 
fishing, increasing mesh size to 
decrease bycatch 
Novel gear types/technology; paper 
straws.  

5c. Corporate practices and engagement 
Change in corporate behavior that enhances 
conservation outcomes 

Engagement with corporations to 
"green" their supply chains, supply 
chain transparency (labeling 
requirements), supply chain equity 

5d. Market-Based Incentives 
Using market mechanisms to change 
behaviors 

Consumers making choices about 
seafood sustainability, boycotts of 
non-dolphin safe tuna, creating 
carbon market for marine 
conservation, providing loan 
guarantees to green businesses, 
creating markets for fair trade and 
sustainably fished products, 
certification schemes (MSC, Seafood 
Watch certifications) 

5e. Direct Economic Incentives 
Using direct or indirect payments or ascribing 
economic value to change behaviors and 
attitudes 

Compensation payments, payments 
for ecosystem services (PES), tax 
incentives, subsidies for sustainable 
practice, using economic valuation of 
flood and storm surge protection 
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services to promote conservation, 
providing physical infrastructure and 
services (e.g. clinics, roads, 
processing plants, etc.) in exchange 
for participation 

5f. Social and cultural values 
Using intangible, moral, social, and/or cultural  
values to change behaviors and attitudes 

Linking conservation to human 
health, linking conservation to food 
security, developing religious or 
cultural arguments for conservation  

5g. Agency incentives  
Incentives directed at increasing community 
control, decision making, access to resources, 
networks, political processes. 

Community based quotas, roles or 
votes in management process, etc. 

5h. Resource use incentives 
Using rights to access, use, transfer, manage, 
and/or harvest from specific areas or resources 
under protection to incentivize participation, 
compliance - in form of explicit program, 
engagement, or any other de facto practice 

Territorial use rights for fishing 
(TURFs), traditional rights, informal 
devolution of rights, implementation 
of formalized rights.  

6. Conservation 
Designation & 
Planning 
 
Actions directly 
protecting sites and/or 
species 

6a. Protected Area Designation &/Or 
Acquisition 
Legally or formally establishing or expanding 
public or private parks, reserves, and other 
protected areas roughly equivalent to IUCN 
Categories I-IV 

Gazetting a national park, 
demarcating a wildlife sanctuary, 
purchasing a land trust property, 
establishing tribally owned fishing 
grounds. E.g. LMMAs, MPAs, 
marine reserves, marine parks, 
biosphere reserves 

6b. Easements & Resource Rights 
Legally or formally establishing protection of 
some specific aspect of the natural resources 
on public or private lands 

Convincing landowners to establish 
easement restricting development 
rights, purchasing water/instream 
flow rights 

6c. Land/Water Use Zoning & Designation; 
marine spatial planning 
Designating land/water uses or designating 
conservation areas outside of IUCN 
Categories I-IV 

Zoning development vs conservation 
areas, designating a wild & scenic 
area or an important species 
conservation area (without formal 
protection) 

6d. Conservation Planning 
Planning for management of sites, species, or 
thematic conservation projects 

Developing a management plan for a 
national park, and prioritization effort 
to identify important habitat use 
areas, planning a livelihood project, 
systematic conservation planning 

6e. Community based planning for resource 
management and conservation 
Provide support to facilitate effective 
participation of communities in natural 
resources management and conservation.  

Directing resources to facilitate 
participation, e.g. to capacity 
building, consultation, meeting, 
deliberating.  
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6f. Site Infrastructure 
Building or maintaining the physical 
infrastructure for protected areas and other 
conservation sites 

Creating guard posts, border fences, 
roads, recreational areas, buying 
patrol boats 

7. Legal & Policy 
Frameworks 
 
Actions developing and 
influencing legislation, 
policies and voluntary 
standards affecting 
conservation 

7a. Laws, Regulations, & Codes 
Creating, amending, or influencing laws, 
regulations and codes at all levels 

Advocating for strengthening 
international wildlife trade laws, 
writing national legislation for 
endangered species conservation, 
proposing state or provincial ballot 
initiatives to fund conservation, 
making the case for town sewage 
regulations, enacting tribal laws 
governing hunting seasons, 
government regulations for fishing 
seasons, gear types, and limits 

7b. Policies & Guidelines 
Creating, amending, or influencing policies 
and guidelines at all levels 

Advocating for agency 
implementation of international 
wildlife trade laws, meeting 
Nationally Determined Contributions 
(NDCs), writing national policies for 
endangered species conservation, 
serving on agency-NGO committee 
to determine hunting permitting 
processes, providing support to tribal 
leaders on environmental matters 

7c. De jure property rights 
Codifying policies on rights to access, use, 
and/or harvest from specific areas under 
protection or natural resources 

Laws ensuring property rights for 
communities 

8. Research & 
Monitoring 
 
Actions collecting data 
and transforming it into 
information to support 
conservation work 

8a. Basic Research & Status Monitoring 
Collecting, managing and analyzing data and 
creating information about any conservation-
related factors  

Use of information in further 
conservation work; uptake of 
information in policy process, or 
management plan, or behaviour 
change.  

8b. Evaluation, Effectiveness Measures, & 
Learning 
Assessing and learning about the effectiveness 
of conservation work 

Evaluations of conservation work; 
use of adaptive management 

9. Education & 
Training 
 
Actions enhancing the 
knowledge and skills of 
specific individuals 

9a. Formal education 
Enhancing knowledge and skills of students in 
a formal degree program 

Creating a high school environmental 
course, teaching a conservation 
module in a university course, 
writing a conservation textbook 

9b. Informal education 
Enhancing knowledge and skills of students in 
an informal program 

Summer camps, after school clubs, 
museum programs, tours, designed to 
increase awareness and 
understanding 



Evidence Mapping: Mangroves   | 

 
 

65 

9c. Training 
Enhancing knowledge, skills and information 
exchange for practitioners, stakeholders, and 
other relevant individuals in structured 
settings outside of degree programs 

Coaching a team developing a 
strategic plan, providing technical 
assistance to use better practices, 
training course in sustainable 
practices, writing how-to manuals for 
project managers, elders sharing 
traditional ecological knowledge, 
training for monitoring and 
evaluation 

10. 
Institutional/organizat
ional development 
 
Actions creating the 
formal  institutions and 
organizations needed to 
support conservation 
work 
 

10a. Internal Organizational Management 
& Administration 
The basic work needed to establish and 
operate conservation organizations 

Hiring and managing staff for 
protected areas or conservation 
agencies, serving on the board of a 
conservation organization, managing 
a conservation program, providing 
basic support functions for a reserve 

10b. External Organizational Development 
& Support 
Creating or providing non-financial support & 
capacity building for conservation 
organizations 

Providing consulting services to a 
conservation organization, 
international volunteers or circuit 
riders helping to develop 
organizational capacity, work to 
create and strengthen courts that can 
prosecute wildlife crimes, helping 
catalyze and incubate formation of a 
new land trust, developing work 
planning software for conservation 
organizations 

10c. Alliance & Partnership Development 
Forming and facilitating partnerships, 
alliances, and networks of organizations 

Convening meetings of local 
stakeholders in a community reserve, 
an international forum to share 
information about wildlife crimes, a 
membership services association of 
land trusts, a regional learning 
network, an international academic 
society, fishing cooperatives; 
learning networks  

10d. Financing Conservation 
Raising and providing funds for conservation 
work  

Door-to-door fundraising efforts, 
private foundation or government 
grants, foundation investments in 
green businesses, corporate 
philanthropy, national debt-for-nature 
swaps, blue carbon financing 
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APPENDIX IV: Outcomes with Examples 
 
The following outcome categories, subcategories, and definitions have been adapted from two previous 3ie 
systematic maps/reviews, a framework for analyzing conservation impacts, and the Millenium Ecosystem 
Assessment. Some definitions are verbatim, whereas others have been refined, adapted, or combined. We believe 
these categories best encompass the elements related to our research question: What is the extent and occurrence of 
evidence for ecological and social impacts of conservation interventions within tropical coral reef, mangrove, and 
seagrass ecosystems? 
 

Outcome Category; 
Definition; 
Source w/ Link 

Outcome Subcategory; 
Definition; 
Source 

Potential Indicators 

1. Knowledge and 
Behavior Outcomes 
 
Outcomes related to 
awareness, knowledge, 
and/or behavior, or 
response to new 
practices or 
technologies, for 
stakeholders (e.g. local 
communities, 
government bodies and 
agencies) 
 
Examining the evidence base 
for forest conservation Link 
 
Land-use change and forest 
programmes- Evidence on the 
effects of greenhouse gas 
emissions and food security 
Link 

1a. Knowledge 
 
Conservation-related facts or information 
influenced as a result of education or 
experience (e.g. learning sustainable practices, 
feedback on effective management) 
 
Examining the evidence base for forest conservation 

Levels of environmental/program 
awareness, integration of information 
in education materials, advertising, 
community activities, etc. 
 

1b. Behavior/response to new practices or 
technologies 
 
Transfer or modification of daily activity and 
action (e.g. related to resource use, 
employment, fishing practices, etc.)  
 
Adoption of new practices  or technologies 
(e.g. change in harvest time, volume, use type) 
or technology (e.g. gear, tools, monitoring) 
 
Adapted from Examining the evidence base for forest 
conservation; Land-use change and forest programmes- 
Evidence on the effects of greenhouse gas emissions and 
food security 

Employment in different sectors; 
implementing conservation practices 
(+), participating in conservation (+); 
rule breaking and protest (-); forced 
behavior changes (e.g. displacement 
(-); measurement of participation in 
conservation activities; fines/arrests 
other evidence of negative behavior, 
e.g. physical evidence of poaching, 
or civil unrest. Uptake of technology 
or programs related to new practices 
(e.g. inventory of gear types, etc.) 

2. Population/Species 
Outcomes 
 
Outcomes focusing on 
change in populations 
of individuals or 
populations within 
species 
 
A novel framework for 
analyzing conservation 
impacts: evaluation, theory, 
and marine protected areas 
Link 
 

2a. Abundance 
 
Quantity of individuals in a population or area 
 
Mascia et al.  adapted 

Number of individuals per unit area 

2b. Biomass 
 
Amount of living material in a population, 
area, or in a trophic group 
 
Mascia et al.  adapted 

Plant or animal dry mass per unit 
area 

2c. Age/Size Structure 
 
Length/weight/age distributions of individuals 
in a population 
Mascia et al.  adapted 

Number of ear bone rings in fish, 
standard fish length distribution, 
size/age at maturity 
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2d. Behavior 
 
Actions that animals take  (e.g. predator 
avoidance, feeding, migration, territorial 
defense) 

Time spent in hiding, average 
distance from reef, Time spent 
feeding 

2e. Recruitment 
 
When individuals join a new population 
 
Mascia et al.  adapted 

Number of individuals that have 
joined a population over some time 
period 

2f. Reproduction 
 
A measure of the number of offspring, clones, 
and/or breeding events for an individual or 
population;  

Fecundity, number of clones, the 
measurement of the number of 
spawning aggregations; the number 
of reproductive individuals 

2g. Species Range & Spatial Extent 
 
Any measure of range or spatial extent of a 
population  

Expansion or contraction of species 
range limit and/or extent 

2h. Dispersal 
 
Any measure of the degree to which 
individuals from one populations disperse into 
another  

Migration patterns, connectivity 
patterns and rates, natal homing, 
range expansion/contraction, habitat 
usage, genetics 

2i. Connectivity 
 
A measure of a degree to which populations 
are interacting 

Measured with genetics or ear bones 
in fish, microchemistry, genetics 

2j. Body Conditions 
 
A measure of the health of the organism 

Incidence of disease, level of  toxins, 
parasitism rates 

2k. Adaptability 
 
A measure of an individual/population’s 
ability to adapt to changes in the ecosystem 

Genetic diversity, number of 
individuals with high heat resistance 
 

3. Ecological 
Community Outcomes 
 
Outcomes focusing on 
change in community 
conditions 
 

3a. Species Diversity 
 
A measure of the number of species or the 
relative abundance in population size of all 
species present 
 
Mascia et al.  adapted 

Species richness, evenness, 
abundance (e.g. number of coral 
species) 
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A novel framework for 
analyzing conservation 
impacts: evaluation, theory, 
and marine protected areas 
Link 

3b. Trophic Structure 
 
A measure of the number of trophic levels 
and/or the abundance and diversity of 
organisms within those trophic levels 
 
Mascia et al.  adapted 

Richness of herbivores, biomass in 
primary producers  

3c. Functional Redundancy 
 
A measurement of the degree to which 
different species or groups of species generate 
similar functions  
 
Mascia et al.  adapted 

Relative effect sizes of urchins and 
parrot fish in controlling sargassum 
growth on coral reefs.  
 

3d. Species Interactions 
 
A measure of the impacts of species 
interactions, such as predation, herbivory, 
facilitations  

How herbivores affect algae biomass, 
how coral structure affects fish 
diversity  

3e. Habitat Quantity (Cover and Extent)  
 
A measure of habitat extent and volume (e.g. 
habitat cover, loss or gain) 

Area of a given habitat, coverage of 
corals 

3f. Habitat Quality 
 
A measure of habitat condition 

3D complexity, density of foundation 
species 

3g. Habitat Connectivity 
 
A measure of a degree to which habitats are 
connected 

Amount of juvenile fish that move 
from mangroves to coral reefs.  The 
impact of mangrove presence on fish 
diversity on coral reefs.  The amount 
of seagrass material in the guts of 
coral reef fishes.  

4. Ecosystem Function 
Outcomes 
 
Outcomes focusing on 
change in ecosystem 
processes and 
conditions 
 
A novel framework for 
analyzing conservation 
impacts: evaluation, theory, 
and marine protected areas 
Link 

4a. Productivity 
 
A measure of amount of the accumulation of 
living material over a certain period of time in 
a species or functional group 
 
Mascia et al.  adapted 

Plant biomass accumulation over 
time  

4b. Herbivory 
 
Rate of plant material removal in an area 
 
Mascia et al. adapted 

Grazing per unit time  
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4c. Predation 
 
Rate of animal material removal in an area 

Number of individuals killed by a 
predator over a given time 

4d. Biogeochemistry 
 
Chemical changes mediated by interactions 
between microbial activities and physical-
chemical processes  

Nutrient dynamics, carbon 
sequestration, decomposition, change 
in carbon storage 

4e. Coastal Processes 
 
Abiotic or coupled abiotic-biotic processes in 
coastal/marine ecosystems 
 
Mascia et al.  adapted 

Hydrological flows, infiltration rates, 
geomorphology (sedimentation, 
erosion, accretion), how coral reefs 
affect sedimentation 

5. Ecosystem Services 
Outcomes 
 
Outcomes focusing on 
ecosystem services, as 
defined by Millenium 
Ecosystem Assessment 
 
Ecosystems and Human Well-
Being: Millenium Ecosystem 
Assessment Link 

5a. Provisioning Services 
 
Products obtained from ecosystems (MEA) for 
direct use by consumers 
 
Millenium Ecosystem Assessment 

Measures of quantity, quality or 
diversity of benefits (e.g. food, fiber, 
fuel, genetic resources, biochemicals, 
ornamental resources, fresh water, 
etc., used by consumers) 

5b. Regulating Services 
 
Benefits obtained from the regulation of 
ecosystem processes (MEA) 
 
Millenium Ecosystem Assessment 

Measures of benefits provided (e.g. 
air or water quality, flooding, 
erosion, storm surge, waste 
treatment, etc.) 

5c. Supporting Services 
 
Services that are necessary for the production 
of all other ecosystem services, e.g. nutrient 
recycling. Their impacts on people are often 
indirect or occur over a long time (MEA) 
 
Millenium Ecosystem Assessment 

Measures of services provided (e.g.  
soil formation, primary productivity, 
photosynthesis, nutrient cycling, 
water cycling, etc.)  

5d. Cultural Services 
 
Nonmaterial benefits obtained from 
ecosystems through spiritual enrichment, 
cognitive development, reflection, recreation, 
and aesthetic experiences (MEA) 
 
Millenium Ecosystem Assessment 

Measures of benefits (e.g. connection 
to place, cultural practices and 
products, educational practices, local 
knowledge systems,, expressed 
values, artistic output)  
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6. Human Wellbeing 
Outcomes 
 
Outcomes related to 
changes in welfare of 
populations that rely on 
areas where 
interventions are 
implemented; and/or 
program beneficiaries 
 
Examining the evidence base 
for forest conservation Link 
 
Land-use change and forest 
programmes- Evidence on the 
effects of greenhouse gas 
emissions and food security 
Link 

6a. Economic 
 
6.a.i. Monetary wealth and related 
employment 
 
6.a.ii. Material wealth/standards of living  
 
Adapted from Examining the evidence base for forest 
conservation 

Measures of income, wages,  
entrepreneur activity, business 
ownership, employment 
opportunities, employment 
rates/levels, employment seasonality, 
employment satisfaction.  
 
Measures of credit, savings, debt, 
material assets and ownership. 
Indices of poverty (unsatisfied basic 
needs, multidimensional poverty, 
etc.), wealth distribution (e.g. gini 
coefficient), cost of living, inflation, 
income and expenditure, material 
assets and ownership. 

6b. Resource Based Livelihoods 
 
Primary or supplemental extractive or non-
extractive use of natural resources for 
consumption or sale (e.g. fishing, gleaning, 
sand mining, serving ecotourists).  
 
Adapted from Examining the evidence base for forest 
conservation 

Measures of levels of use (e.g. 
number of people, amount of 
resources) and value (e.g. 
contribution to livelihoods, through 
income earned, calories consumed, 
etc.). Access regimes and rights that 
facilitate resource based livelihoods. 

6c. Individual or Community Wellbeing 
A good or satisfactory condition of existence; 
a state characterized by health, happiness, and 
prosperity. 

Perception of happiness, mental 
health 

6d. Food security 
 
Physical, social and economic access to 
sufficient, safe and nutritious food to meet 
dietary needs and food preferences. Food 
availability, access, utilisation and stability. 
 
Examining the evidence base for forest conservation; 
Land-use change and forest programmes- Evidence on the 
effects of greenhouse gas emissions and food security 

Measures of food availability, food 
production, food consumption, food 
expenditure, prevalence of 
undernourishment, nutritional status 
(FAO 2013).  E.g. access to food 
resources (fisheries) and their quality 
(toxicity). 

6e. Health 
 
Physical health, health care 
Examining the evidence base for forest conservation; 
Land-use change and forest programmes- Evidence on the 
effects of greenhouse gas emissions and food security 

Life expectancy, disease rates, infant 
mortality, access to health care.  
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6f. Education 
 
Formal education and informal training or 
capacity building 
Examining the evidence base for forest conservation 

Access to opportunities, investment 
in education infrastructure, 
fellowships. Literacy rates, school 
attendance rates.  

6g. Basic Infrastructure 
 
Infrastructure to provide water, sanitation, 
energy, education, transportation, 
telecommunications, etc. 

Existence, provision, status, 
maintenance thereof  

6h. Social Capital 
 
Social relations and resources through which 
individuals and communities increase their 
well being. DFID; GIll et al. 

Trust in neighbors; sense of 
community; community spaces; 
conflicts between groups; Trends in 
social conflict; perceptions of 
discrimination. Cooperation, conflict 

6i. Culture 
 
Sense of place, cultural identity, diversity, 
TEK (use perception, transfer), cultural 
activities and practices 

Place attachment, sense of place, 
knowledge of the natural 
environment, time spent outdoors, 
access to nature, outdoor activities;  
Self-definition (at individual and 
community levels), sense of 
connection to livelihood; 
Demographics (ethnic, religious, 
linguistic diversity); Use, 
preservation, and transfer of 
traditional ecological knowledge and 
place names; Participation in cultural 
practices; continuity of practices and 
customs; traditional use of resources; 
traditional management activities; 
social organization; access to sacred 
sites, cultural festivals and events 

7. Governance 
 
Structures and 
processes for decision-
making, inc. formal and 
informal rules, 
participation in/control 
of decision making, 
accountability, 
transparency, justice, 
empowerment 

7a. Participation and engagement 
 
In resource management and vis a vis the 
intervention. Participation; Empowerment; 
Community Engagement 

participation in community groups , 
Female participation in marine 
community groups, Financial 
contribution (donations) to marine 
community groups, voting rates, 
attendance 

7b. Political Capital 
 

Evidence of new or changed 
influence on political process (e.g. 
change to intervention due to 
political pressure; capture of benefits 



Evidence Mapping: Mangroves   | 

 
 

72 

Trust, goodwill and social influence built with 
individuals, communities or groups, that can 
be leveraged to achieve political ends. 

by particular groups), political 
prominence or attention (e.g. visits 
by high profile politicians), political 
organizing for/against interventions, 
access to decision-makers.  

7c. Institutions  
 
Prescriptions, rules, norms used to organize all 
forms of repetitive and structured interactions 
including those within families, 
neighborhoods, markets, firms, sports leagues, 
churches, private associations, and 
governments Rights to use land or resources; 
Who has the right, power or obligation to 
make a decision. 

Creation/destruction or changes to 
institutions (formal and informal) 
for natural resource management. 
New institutions for management are 
created/old institutions are changed 
or disabled. Evidence of new or 
changed role of community/user 
groups in decision-making and 
management, through formal or 
informal agreements, laws, policies. 
Role of local knowledge in 
management; level of transparency in 
decision making. E.g. 
Decentralization of decision making; 
resources user organize to increase 
their influence 

7d. Property Rights 
 
Rights to earn income from land or resources; 
to transfer the land or resources to others; to 
enforce property rights.  

Creation, alteration or dissolution of 
resource use rights.  Use rights 
identified, allocated or changed; 
individual and community level. 
Distribution of rights (e.g. by gender, 
age, social group). 
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