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Abstract 

Understanding the services provided by coastal ecosystems is vital for their study, preservation, and 

restoration. Mangrove forests, in particular, provide key ecosystem services: they sequester carbon, 

support fisheries and biodiversity, and enable sustainable tourism. In the Caribbean and Gulf of 

Mexico, mangrove-related services have been studied extensively, but often in fragmented ways. This 

meta-analysis combines literature review, bibliometric tools, and thematic mapping to identify 

emerging trends and long-standing gaps. We analyzed 61 peer-reviewed studies across 21 sovereign 

and U.S. states, highlighting shifting research priorities and the lack of convergence across ecosystem 

service categories. While early research emphasized supporting services such as fishery nurseries, 

recent studies focus on regulating services, especially carbon sequestration. Stakeholder engagement 

remains limited, with only 18% of studies incorporating local or institutional perspectives. We argue 

for greater integration of stakeholder input and convergence across service categories to enhance the 

scientific basis for mangrove management and policy design.  

Keywords: mangrove; ecosystem services; bibliometric; VOSviewer; bibliometrix; Caribbean; Belize; 

Gulf of Mexico 

 

1. Introduction 

Mangroves, distributed across tropical and subtropical regions, consist of over 50 species 

globally. In the Caribbean and Gulf of Mexico mangrove diversity is more limited, dominated by 

three main species: red (Rhizophora mangle), black (Avicennia germinans), and white (Laguncularia 

racemosa) mangroves, along with buttonwood (Conocarpus erectus) on slightly higher ground. These 

species create distinct zonation patterns that reflect their ecological niches and together contribute to 

mangrove ecosystem functions [1,2]. 

The term "mangroves" refers both to these plant species and to the ecosystems they dominate 

[1,2]. Despite regional differences, mangrove ecosystems in the northwest Atlantic region display a 

broadly consistent zonation pattern across coastal, riparian, and atoll environments, with Rhizophora 

mangle typically occupying the intertidal fringe closest to the waterline, followed landward by 

Avicennia germinans, Laguncularia racemosa, and then Conocarpus erectus. This zonation reflects the 

physiological tolerances of each species and contributes to the overall ecological structure and 

function of the ecosystem. 

Mangrove ecosystems are increasingly recognized for their critical role in providing a wide array 

of ecosystem services, yet they are under mounting pressure from climate change, coastal 

development, pollution, and hydrological disruption [1,3,4]. Historically, research has emphasized 
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supporting services such as nursery habitat for juvenile fish and invertebrates but often without fully 

integrating the impacts of anthropogenic pressures and climate variability [5–7]. 

More recent studies have shifted focus toward regulating services, including shoreline 

stabilization, carbon sequestration (i.e., blue carbon), and storm surge mitigation—functions that are 

gaining urgency in the face of rising sea levels and intensifying extreme weather events [8–11]. 

Additionally, mangroves contribute provisioning services such as timber and seafood, and support 

cultural services including recreation, tourism, and traditional practices. 

Despite their recognized value, existing valuation methods - especially those based solely on 

market pricing or static cost-benefit frameworks - often fall short in capturing the long-term, context-

specific, and intergenerational benefits that mangroves provide. These approaches rarely account for 

dynamic ecosystem responses, future climate scenarios, or the diverse needs and perceptions of local 

stakeholders. [12–17]. This underscores the need for more integrative and adaptive valuation 

frameworks that can inform both conservation and policy decision-making. A more nuanced and 

integrative approach to ecosystem service valuation is therefore necessary—one that holistically 

considers ecological, economic, and social dimensions and aligns with the priorities of both local 

communities and global stakeholders [12–17]. 

In response to this need, we conducted a meta-analysis of peer-reviewed literature to identify 

both established research domains and emerging areas of inquiry within the study of mangrove 

ecosystem services. Our analysis places particular emphasis on how different categories of services 

have been prioritized across time and disciplines.  

This synthesis enables the identification of evolving research priorities and thematic trends. 

Notably, regulating services—such as blue carbon sequestration—have received increasing attention 

due to their relevance for climate mitigation and carbon market frameworks. By tracing the trajectory 

of such themes, this meta-analysis provides insight into how scientific and policy interests have 

shifted and how future conservation strategies might be more effectively framed. 

Furthermore, our findings reveal spatial and disciplinary imbalances in the literature. Some 

geographies and ecosystem services are disproportionately represented, while others remain 

underexplored despite experiencing significant ecological threats or socio-economic dependencies. 

The analysis also surfaces the extent to which stakeholders are incorporated into ecosystem service 

assessments, revealing gaps in participatory and interdisciplinary approaches. 

To structure our meta-analysis, we pose the following research questions: 

 Which categories of mangrove ecosystem services are most frequently examined in the literature, 

and how have these emphases shifted over time? 

 Who are the key stakeholders identified or engaged in these studies, and how are their roles 

conceptualized? 

 Are cultural ecosystem services addressed in natural science journals, or are they predominantly 

confined to social science literature? 

 To what extent do published studies consider trade-offs among different ecosystem services, and 

how are these trade-offs framed? 

2. Context: Mangroves and Regions of Interest 

Mangrove forests are among the most productive and valuable coastal ecosystems on the planet, 

providing a wide array of ecosystem services that benefit both human societies and the natural 

environment. These services span regulating, supporting, provisioning, and cultural categories, from 

protecting coastlines and improving water quality to supporting fisheries, storing carbon, and 

offering recreation and spiritual value. As global awareness grows around climate resilience and 

sustainable development, mangrove services are increasingly recognized not only for their ecological 

importance but also for their economic and social contributions, particularly in the Caribbean and 

Gulf of Mexico regions. 
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2.1. Mangroves Regulate Coastal Erosion, Storm Surge, Water Quality, and Carbon Sequestration 

The regulatory services of mangroves have long been established as highly important as they 

benefit both the natural ecosystems around them and human communities both locally and 

globally[18,19]. Locally, mangrove forests’ innate ability to protect against erosion, storm surge, and 

wastewater leads to healthier and safer environments; on a global scale, the role of mangroves as a 

form of blue carbon cannot be understated. 

In mangrove habitats, both in the Caribbean basin and globally, the loss of mangroves effects 

elevation changes and increased erosion [20–24]. Elevations changes can lead not only to further loss 

of mangroves but also affect human development and other critical ecosystems, such as littoral forests 

and savannah [25–27]. As many Caribbean and Gulf of Mexico coastlines have a very narrow 

elevation gradient, even small losses caused by erosion can vastly change ecosystem distributions 

[20,25–27]. As climate change increases the strength and frequency of extreme weather, mangroves 

have become critically important in their role of attenuating storm surge [28–30]. Mangroves can 

decrease both wave height and speed as well as help dissipate storm water inundation [28]. 

Mangrove roots regulate water quality to surrounding ecosystems—both terrestrial and marine [31]. 

Similarly to how mangrove roots provide protection to small fishes from predators, these roots also 

become traps for debris and pollutants [32–35]. This includes not only human debris such as plastic 

and refuse but also woody debris [36]. While woody debris is primarily brought in via storm events 

such as hurricanes, anthropogenic debris is primarily due to large amount of improperly disposed of 

waste in regions where mangrove forests are located [31,35,36]. 

Sea level rise, erosion, and oil spills are having devastating effects on mangrove habitats and 

their associated regulatory services. Sea level rise puts a higher pressure on mangroves’ ability to 

regulate the effects of storm surge [29]. In areas where mangroves have been removed, they are often 

not able to be reestablished due to eroded environments. Over three-fourths of all the Caribbean coast 

is at risk of oil spills [37,38]. Since mangroves as a coastal barrier can bear the brunt of the effects of 

these incidents, especially since it is incredibly challenging to clean out because of their network of 

roots [37,38]. After an oil spill in the 1980’s, not only did mangroves die and defoliate, but there were 

also severe losses in the biodiversity that lived on and around their elaborate root systems [37]. This 

included oysters which are an indicator species and provide easy access to scientists to understand 

the pollutants in and around mangroves [37,39].  

Carbon sequestration in mangroves is considered “blue carbon” [40,41]. Although this term has 

been around for the last decade, it has gained momentum in recent years [42,43]. In the past, coastal 

blue carbon sites have been overlooked for more obvious terrestrial carbon sinks [42]. Now 

governments around the world are working to quantify their blue carbon sequestration [11,44–46]. 

Mangroves not only sequester carbon in their limbs, roots, and trunks but also in the soil beneath 

them. In fact, their soil sequestration rates are higher than those found in any other ecosystem on the 

planet. 

The main threat to carbon sequestration rates are limits on tree growth rates [47]. The limiting 

factors of growth in Gulf of Mexico and Caribbean mangrove forests include nutrition, salinity, and 

inundation all of which fluctuate due to anthropogenic climate change [48–50]. Although current 

rates have been calculated extensively, there is a unique possibility that these rates may not be 

accurate in the future climate [40–46]. 

2.2. Mangroves Provide Supporting, Provisioning, and Cultural Services 

Mangroves support an incredible amount of biodiversity and are a vital nursery habitat for both 

commercially and recreationally important fishes, invertebrates, and bird species [51–54]. Globally, 

hundreds of species call mangroves home at some point in their life cycle including thirty percent of 

all fishes [53,55]. Several of these animals are characteristic of the mangrove forests of the Caribbean, 

including the mangrove hummingbird (Amazilia boucardi),and a subspecies of Osprey (Pandion 

haliaetus ridgwayi) [2,56]. Black mangroves are incredibly important in facilitating successful 

migrations through Belize with almost 1,800 individual birds per squared kilometer per year relying 
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on the black mangrove trees [57]. Some birds overwinter in mangroves, such as the rufous-necked 

wood rail (Aramides axillaris), while others often nest there, including osprey as well as Yucatan vireos 

(Vireo magister), mangrove yellow warblers (Setophaga petechia castaneiceps), mangrove cuckoos 

(Coccyzus minor),great-tailed grackles (Quiscalus mexicanus), and white-crowned pigeons (Patagioenas 

leucocephala) [2]. These rookeries can lead to further degradation as nutrient overloads lead to 

unhealthy growth in mangroves. Healthy mangrove branches will be similar in size to their prop 

roots but the influx in nitrogen from bird feces leads to greater branch growth than the roots can 

support [58]. Their height and aboveground biomass weighs too much to be properly supported by 

their insufficient prop roots [58].  

The nursery services for fishes of Caribbean mangroves are well established [59,60]. In fact, 

scientists suggest that there are higher densities of juvenile fish in Caribbean mangroves than found 

anywhere else in the world [61]. Studies have shown that seagrasses that are adjacent to mangroves 

have significantly more larvae present than seagrasses not in proximity to mangroves [62]. The 

proximity of mangroves can double the biomass of certain species of commercial fishes seen on 

associated reefs and seagrasses [51]. 

Globally, it is well documented that mangroves provision both fish and wood directly to local 

stakeholders for their livelihoods [63,64]. However, in the Caribbean and Gulf of Mexico there are 

limited studies that examine these services [65–72]. One study found that in Florida, most individuals 

fishing directly in mangroves came from low-income and Black backgrounds [72]. This suggests that 

in Florida, this provisioning service is also one of environmental justice and equal access. Tourism in 

mangroves is becoming more common with over ninety countries and territories now advertising 

mangrove-related attractions [73]. These are largely made up of wildlife tours from bird watching to 

manatee viewing to monkey sightings [73]. By portraying mangroves in the Caribbean as almost a 

spiritual place to visit, tourism agencies have increased business [74]. With mangroves becoming a 

tourism attraction, there is an increase in pollution to the mangroves. Thus, these very tourism 

aspects are also rapidly degrading the mangrove environments leading to an increasing push for 

governmental policies to protect them [75,76]. 

2.3. Stakeholder Engagement is Vital to Mangrove Futures 

Engaging stakeholders in mangrove research and policy design is increasingly recognized as 

essential to ensuring effective and equitable conservation outcomes [77]. Stakeholders—defined as 

individuals or groups with a vested interest in a habitat or decision—include local residents, tourists, 

fishers, policymakers, NGOs, and private sector actors [78–82]. 

Understanding how different stakeholder groups value mangrove ecosystem services is crucial 

for assessing trade-offs, designing incentive structures, and promoting long-term stewardship 

[83,84]. While stakeholder engagement is gaining traction in recent studies, it remains 

underrepresented in older literature, and is especially sparse in quantitative ecosystem service 

valuation efforts. 

In urban coastal areas, stakeholders interact with mangroves on a daily basis—through fishing, 

tourism, flood exposure, and cultural practices—making their perspectives central to adaptive 

restoration strategies [79,85]. However, the inclusion of global stakeholders—such as those impacted 

by climate regulation benefits (e.g., blue carbon)—is almost entirely absent from current studies, even 

though the implications of carbon sequestration extend beyond national borders [86,87]. 

This analysis highlights a significant knowledge gap: to effectively manage and finance 

mangrove ecosystem services, particularly in the context of climate and social justice, stakeholder 

engagement must become a core component of ecosystem service science in the Caribbean and Gulf 

of Mexico. 

3. Materials and Methods 

Historically, literature reviews have employed both qualitative and quantitative approaches to 

synthesize background knowledge on a given subject. In this study, we integrate a traditional 
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narrative literature review with bibliometric analysis to provide a more comprehensive 

understanding of the research landscape surrounding mangrove ecosystem services. Bibliometric 

analysis leverages software tools to examine patterns across article metadata—including titles, 

abstracts, keywords, and author networks—typically derived from citation databases such as Web of 

Science. 

Given that bibliometric methods are still evolving, we employed two complementary tools: 

VOSviewer and Bibliometrix. Each offers distinct functionalities in visualizing co-authorship 

networks, keyword co-occurrences, and thematic trends. While our primary objective is to examine 

the valuation and categorization of mangrove ecosystem services in the Caribbean and Gulf of 

Mexico, we also explore the methodological potential of combining these two software tools to 

generate a more cohesive, scalable framework for future literature reviews. 

Our methodology follows established protocols for systematic review and evidence mapping 

[88–90]. Specifically, we draw on the structure of the Ecosystem Services Valuation Database (ESVD) 

to ensure consistent categorization and interpretation of service types across studies. Unlike 

unsystematic reviews, this approach emphasizes transparency, repeatability, and objectivity, 

increasing the reliability of findings and allowing for the identification of broader trends and 

generalizable insights. In the following section, we detail the analytical framework and search criteria 

used in our study. 

3.1. Study Framework and Data Sources 

The Ecosystem Services Valuation Database (ESVD) compiles global studies on the valuation of 

ecosystem services and classifies them using two major frameworks: the Common International 

Classification of Ecosystem Services (CICES) and the Economics of Ecosystems and Biodiversity 

(TEEB) typology [91–94]. TEEB adopts a broader and more generalist schema, while CICES provides 

more granular and standardized categorizations of service types [95]. Although the ESVD contains 

studies from a wide range of geographic regions and ecosystem types, its emphasis tends to be on 

services that can be assigned monetary values [91]. 

For this study, we queried the ESVD using the keyword “mangroves” (initial n = 999). We then 

filtered the dataset by removing duplicates and limiting the geographic scope to our focal regions: 

the Caribbean and Gulf of Mexico. Based on this refined dataset, we identified 13 distinct ecosystem 

services in the region as classified under the CICES framework. The most frequently reported services 

were carbon sequestration, fisheries-related provisioning, and tourism-related cultural services. 

To complement and expand upon the ESVD analysis, we conducted a systematic literature 

search in the Web of Science Core Collection. Our goal was to capture additional studies that may 

not explicitly frame their contributions in ecosystem service terminology but nonetheless provide 

relevant insights. We focused on publications in which the following key terms appeared in the 

abstract, using a search conducted on July 31, 2024:  

((“ecosystem service*” OR “service*” OR “blue carbon” OR “carbon sequestration” OR 

“fisheries” OR “tourism”) AND “mangrove*” AND (“Gulf of Mexico” OR “Caribbean” OR 

"Antigua” OR “Barbuda" OR "Bahamas" OR "Barbados" OR "Aruba" OR "Bonaire" OR "Eustatius" OR 

"Saba" OR "Cura*ao" OR "Sint Maarten" OR "Saint Martin" OR "Guadeloupe" OR "Martinique" OR 

"Saint Barth*lemy" OR "Dominican Republic" OR "Haiti" OR "Navassa" OR "Puerto Rico" OR "Virgin 

Islands" OR "Anguilla" OR "Cayman" OR "Montserrat" OR "Turks” OR “Caicos" OR "Cuba" OR 

"Dominica" OR "Jamaica" OR "Grenada" OR "San Andr*s and Providencia" OR "Venezuela" OR 

"Nueva Esparta" OR "Trinidad” OR “Tobago" OR "Saint Kitts” OR “Nevis" OR "Saint Lucia" OR 

"Saint Vincent” OR “Grenadines" OR “Belize” OR “Florida” OR “Everglades”)). 

3.2. Data Filtering 

This search term allowed us to view not only the named Gulf of Mexico and the Caribbean but 

also all sovereign states. We also included a search for some of the top ecosystem services as 
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determined by analysis of the ESVD to capture ecosystem services that may not have been defined 

as ecosystem services by the authors. We only included documents that were written in English. 

Building on the research questions outlined earlier, we developed a set of filtering criteria and 

query prompts to determine the relevance of each article and to assess how it addressed mangrove 

ecosystem services and stakeholder engagement. Two independent reviewers screened a total of 248 

articles retrieved from our bibliometric and systematic searches. Only those studies that both 

reviewers agreed with our predefined inclusion criteria—based on two core filter questions (Table 

1)—were retained for further analysis, resulting in a final set of 65 studies for in-depth review. 

To supplement the bibliometric analysis and capture dimensions not easily quantifiable through 

automated tools, we employed a structured qualitative coding framework. This included a set of 

targeted questions aimed at extracting contextual information from each study, such as: 

 The geographic location of the research; 

 The category or categories of ecosystem services analyzed; 

 Whether multiple ecosystem services were examined in convergence or trade-off; 

 The extent and nature of stakeholder engagement. 

Table 1. Filter, quantitative, and qualitative questions for systematic literature review 

 

These structured questions were critical for addressing the goals of this study and for identifying 

gaps in service representation and participatory inclusion. 

Table 1 presents the filter criteria, quantitative metrics, and qualitative prompts used in our 

systematic literature review protocol. Figure 1 shows the conceptual flowchart of the process used in 

this study. 

 
Figure 1. Framework for the evaluation of potential works to be included. 

1 Is the paper an assessment of ecosystem services?

2 Does this paper primarily focus on red, black, and white mangrove forests?

3 Spatial scale of assessment?

4 Location of assessment?

5 Type of mangroves(s)?

6
Which ecosystem service(s) were considered? State the indicator used.

7 What aspect of each ecosystem service is considered?

8 Did they use any metrics of change?

9 Were local stakeholders considered?

10 Which stakeholders were considered?

11 Country of origin of first author

Comments 12 -

Filter

(i) Study area

(ii) 

Ecosystem 

services

(iii) 

Stakeholders
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3.2. Comparative Bibliometric Methodology 

To enhance the analytical depth and enable triangulation of findings, we employed two widely 

used bibliometric tools: VOSviewer and Bibliometrix. Each software package offers complementary 

strengths in mapping research landscapes—VOSviewer excels in visualizing co-authorship networks 

and term co-occurrences, while Bibliometrix provides more customizable statistical analyses and 

thematic evolution maps. 

Because both tools support direct import of citation data from the Web of Science Core 

Collection, they were particularly well-suited for our dataset. Using these tools in tandem allowed us 

not only to examine trends in mangrove-related ecosystem service research but also to evaluate the 

functionality and interoperability of these bibliometric methods. Our approach thus contributes a 

secondary objective: assessing the potential of combined bibliometric platforms to enhance 

systematic reviews and narrative synthesis in future environmental research. 

3.3.1. VOSviewer 

 VOSviewer is a bibliometric network visualization tool designed to map and analyze patterns 

in scientific literature. It supports the creation of two primary types of maps: text-based maps, derived 

from the co-occurrence of terms in article titles and abstracts, and bibliographic maps, which are 

generated from data such as co-authorship, co-citation, keyword co-occurrence, and bibliographic 

coupling. 

In analyzing bibliographic data, VOSviewer offers two counting methods: full counting and 

fractional counting. Full counting assigns equal weight to each occurrence, regardless of the number 

of contributing authors or publications, while fractional counting adjusts weights based on co-

authorship or other proportional factors. For the purposes of this study, we adopted full counting, as 

proportional representation was not central to our analysis.We also defined threshold parameters for 

inclusion in the visualizations—setting minimum occurrence levels for authors, keywords, or 

citations to ensure only the most relevant items were represented. 

For the text-based term maps, we used binary counting, which considers only the presence or 

absence of a term in a document, rather than its frequency. This approach allowed us to focus on 

shared conceptual themes across article abstracts, rather than weighting individual articles more 

heavily based on internal term repetition. We set the threshold for term inclusion at a minimum of 

five occurrences. Out of an initial 2,350 terms identified, 76 met this threshold. Following VOSviewer 

recommendations [96], we selected the 46 most relevant terms, which together accounted for 

approximately 60% of the term map's explanatory power. 

VOSviewer employs a layout optimization algorithm to organize terms into clusters, grouping 

related terms based on co-occurrence and semantic proximity. These clusters are visualized using 

multiple formats. In the Network Visualization, terms are positioned spatially according to their 

connections and grouped into color-coded clusters. In our study, the terms separated into three 

distinct clusters, which are discussed in the results section. In contrast, the Overlay Visualization 

retains the same spatial layout of terms but alters the color scheme to represent the average 

publication year associated with each term. This allows us to observe temporal trends in keyword 

usage, highlighting shifts in research focus over time. 

3.3.2. Bibliometrix 

Bibliometrix is a relatively recent bibliometric analysis tool that extends beyond the capabilities 

of VOSviewer by offering more customizable and statistical functionalities. It imports data from the 

Web of Science and generates detailed summaries and diagnostics relevant to bibliometric surveys. 

These include publication trends, citation counts, co-authorship frequencies, and annual growth 

rates. Bibliometrix runs in R and can be accessed through its user-friendly interface, Biblioshiny, 

allowing for interactive exploration and in-depth analyses. 
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For this study, we used Bibliometrix to identify trending terms in mangrove ecosystem services 

research, tracking both their frequency of use and temporal distribution. Specifically, we selected 

terms that appeared at least 10 times in abstracts over the course of the study period, with a minimum 

of two occurrences per year across the time series. This filtering enabled us to distinguish how 

research foci have shifted over time, offering insight into evolving scientific and funding priorities. 

We further employed Bibliometrix’s factorial analysis module to explore term clusters and 

underlying semantic structures within the dataset. A noted limitation of this tool—compared to 

VOSviewer’s more flexible network analysis—is the requirement to predefine terms as unigrams 

(single words), bigrams (two-word phrases), or trigrams. As a result, compound terms like “coastal 

protection” could not be automatically grouped, and instead were disaggregated into separate 

components (“coastal” and “protection”), potentially diluting thematic coherence. 

Among the available factorial analysis techniques, we selected Multiple Correspondence 

Analysis (MCA). MCA was particularly valuable in uncovering latent relationships between terms 

that may not be evident in co-occurrence networks, as it uses principal component analysis to 

visualize multidimensional word associations. In addition, we used Bibliometrix to generate country-

level co-authorship networks, which provided insight into the global distribution of research 

collaborations. This is essential for understanding how scientific authorship aligns with the 

ecosystems being studied and the degree to which local stakeholders are involved—an important 

consideration for the credibility and impact of ecosystem service research. 

By using VOSviewer and Bibliometrix in parallel, we aim not only to identify knowledge gaps 

in the literature on mangrove ecosystem services in the Caribbean and Gulf of Mexico but also to 

evaluate the strengths and limitations of these two bibliometric platforms. One notable constraint is 

that both tools are designed to process structured data exclusively from citation databases such as 

Web of Science. Consequently, several studies identified through the Ecosystem Services Valuation 

Database (ESVD) could not be incorporated into the bibliometric visualizations. However, these 

studies were still included in other aspects of our temporal, spatial, and qualitative analyses. 

3.4. Optimized-Hotspot Analysis 

To complement the bibliometric and textual analyses, we also examined the spatial distribution 

of study sites to identify geographic patterns and research priorities related to mangrove ecosystem 

services. For this, we employed Optimized Hotspot Analysis (OHS) in ArcGIS Pro, which uses spatial 

clustering and proximity analysis to identify statistically significant hotspots (areas of high study 

concentration) and cold spots (areas with few or no studies). 

Study locations were georeferenced based on information extracted manually by the reviewers. 

Where available, we used GPS coordinates reported in the articles. In cases where precise coordinates 

were not provided, we relied on named geographic features (e.g., Manatee River) to approximate 

study site locations as accurately as possible. We created spatial layers representing both the types of 

ecosystem services studied and the temporal distribution of research activity by location. This 

allowed us to visualize not only where different services—such as carbon sequestration, fisheries, or 

tourism—were being studied, but also how research attention had shifted geographically over time. 

Finally, we ran the OHS algorithm to statistically determine areas with a high density of research 

activity versus those that are underrepresented in the literature. This spatial layer serves as a valuable 

diagnostic to highlight regional imbalances, informing both research agenda-setting and potential 

funding priorities. 

4. Results 

Following our filtering process, a total of 65 articles were retained for analysis. Of these, 61 

articles were indexed in Web of Science and thus eligible for inclusion in the bibliometric analyses 

conducted using Bibliometrix and VOSviewer. These 61 publications span the period from 1992 to 

2024, during which time the field experienced a 2.19% annual growth rate in the number of published 

articles.  
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Collectively, these studies involved 373 unique authors and were published across 41 different 

journals and conference proceedings. The average number of authors per document was 6.59, with 

only two articles authored by a single individual. Notably, the rate of international co-authorship—

defined as the proportion of articles co-authored by researchers affiliated with institutions in different 

countries—was 42%, highlighting a strong level of global collaboration in mangrove ecosystem 

service research. 

Among the publications analyzed, Mumby et al. (2004) stands out as the most highly cited study, 

with over 700 citations as of the date of data extraction [51]. Titled "Mangroves enhance the biomass 

of coral reef fish communities in the Caribbean", the paper explores the nursery support functions 

that mangroves provide to adjacent coral reef ecosystems [51]. It has served as a foundational work 

in demonstrating the co-benefits of interconnected coastal habitats and is also the most highly cited 

publication in our dataset when normalized for years since publication [51]. 

Figure 2 presents a summary of key bibliometric statistics derived from the 61 mangrove 

ecosystem service-related publications included in our Web of Science-based analysis, spanning the 

period 1992 to 2024. This figure encapsulates the scope, collaboration patterns, and scholarly impact 

of the selected literature and serves as a baseline for deeper bibliometric and thematic analyses in this 

study. 

 

Figure 2. Summary of Bibliometrix findings related to articles. 

4.1. Cluster Analysis 

Figure 3 from VOSviewer presents a VOSviewer-generated co-occurrence network of terms 

extracted from the abstracts of 61 publications on mangrove ecosystem services in the Caribbean and 

Gulf of Mexico. The network illustrates how frequently specific terms appear together, revealing 

thematic clusters within the literature. Each node represents a term, and links indicate co-occurrence 

strength. The clustering algorithm identifies three distinct thematic groupings, each shown in a 

different color. 

Green Cluster (Lower Left): This cluster centers on ecological functions and biodiversity-related 

terms such as “species,” “seagrass bed,” “juvenile,” “reef,” “nurseries,” and “fishery.” It reflects 

research focusing on habitat value, nursery functions, species interactions, and ecosystem diversity—

especially in relation to juvenile development and seagrass–coral–mangrove connectivity. 

Blue Cluster (Upper Center): This group includes terms such as “benefit,” “protection,” 

“restoration,” “coastal protection,” and “Belize.” It corresponds to studies examining the ecosystem 

service functions of mangroves, with an emphasis on protection, restoration, and regional case 

studies. The presence of words like “function” and “benefit” signals an ecosystem services framing—

particularly related to disaster risk reduction, shoreline stabilization, and the socio-ecological value 

of nature-based solutions. 
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Figure 3. VOSviewer co-occurrence clusters. 

Red Cluster (Right Side): This cluster is composed of terms such as “carbon storage,” “carbon 

sequestration,” “carbon stock,” “salt marsh,” “depth,” and “coastal wetland.” It highlights research 

focused on blue carbon and climate mitigation, emphasizing the role of mangroves and related 

wetlands in sequestering atmospheric carbon. The term density in this cluster indicates a growing 

scientific and policy interest in quantifying carbon-related ecosystem services for climate action. 

Together, these clusters show a clear thematic evolution in mangrove ecosystem services 

research—from biodiversity and habitat provisioning (green) to protective and socio-ecological 

functions (blue), to climate regulation and carbon sequestration (red). This structure also 

demonstrates how mangrove research is multidimensional, spanning ecological, economic, and 

climate-related domains. 

Figure 4 displays a VOSviewer Overlay Visualization of term co-occurrence in mangrove 

ecosystem service literature, color-coded by the average year of publication in which each term 

appeared. The color gradient, ranging from blue (earlier years, ~2012) to yellow (more recent, ~2020), 

highlights the temporal evolution of key research themes within the field. 

 

Figure 4. VOSviewer co-occurrence clustering with mean year of publication as color scheme. 
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Earlier research (blue to green tones) focused heavily on biodiversity and habitat-related 

concepts, with terms such as “species,” “juvenile,” “reef,” “seagrass bed,” and “nurseries” indicating 

interest in the ecological functions of mangroves and their role in supporting fisheries and coral reef 

ecosystems. These studies often emphasized habitat connectivity, species development, and 

ecological diversity, particularly in relation to seagrass and coral reef systems. 

In contrast, more recent publications (yellow shades) show a clear shift toward climate change 

mitigation and carbon-centered themes. Terms such as “carbon storage,” “carbon sequestration,” 

“carbon stock,” and “salt marsh” reflect the increasing importance of blue carbon and the role of 

coastal wetlands in global carbon accounting. This trend mirrors growing global policy and funding 

interest in nature-based solutions for climate resilience. 

Several terms serve as bridging nodes across thematic and temporal domains. “Carbon” and 

“function” emerge as central connectors—“carbon” linking studies on sequestration, climate benefits, 

and ecosystem valuation, while “function” connects ecological processes with service-based 

frameworks. Similarly, “mangrove habitat,” “coastal protection,” and “benefit” are highly connected, 

underscoring their cross-cutting relevance across biodiversity, risk reduction, and valuation studies. 

Geographic terms such as “Caribbean,” “Gulf,” “Belize,” and “Mexico” also appear 

prominently, highlighting the regional focus of this literature. Their central placement suggests that 

tropical and subtropical coastal systems are primary case study areas in the field. 

Finally, the presence of terms like “restoration,” “protection,” “cost,” and “value” reinforces the 

ecosystem service framing of recent research, linking ecological outcomes to economic and policy-

relevant metrics. This reflects an evolving research landscape increasingly concerned with applied 

conservation, payment for ecosystem services, and the quantification of benefits in decision-making 

frameworks. 

Table 2. Temporal Clusters and Thematic Significance of Key Terms in Mangrove Ecosystem Services Literature 

 

Term
Thematic 

Cluster

Average Year 

(Color 

Gradient)

Interpretive Significance

Species
Biodiversity & 

Habitat

~2012–2014 

(Blue)

Reflects early focus on habitat diversity and 

biological assemblages in mangrove 

ecosystems.

Juvenile
Biodiversity & 

Habitat

~2012–2014 

(Blue)

Emphasizes nursery functions, especially 

for juvenile fish and invertebrates.

Seagrass bed
Connectivity & 

Nurseries

~2012–2014 

(Blue)

Indicates research linking mangroves with 

adjacent ecosystems (e.g., seagrass, coral 

reefs).

Nurseries
Biodiversity & 

Fisheries

~2013–2015 

(Green)

Highlights provisioning services related to 

fisheries recruitment and juvenile 

development.

Function

Ecosystem 

Services (Cross-

cutting)

~2014–2016 

(Green)

Bridges ecological processes and service-

based frameworks across clusters.

Coastal 

protection

Risk Reduction & 

Services

~2015–2017 

(Light Green)

Points to regulating services tied to 

shoreline stabilization and disaster 

mitigation.

Benefit
Services & 

Valuation

~2015–2018 

(Green-Yellow)

Reflects increased focus on ecosystem 

service quantification and societal 

relevance.

Carbon 

sequestration

Blue Carbon & 

Climate

~2018–2020 

(Yellow)

Marks growing attention to mangrove roles 

in climate mitigation and carbon 

accounting.

Carbon stock
Blue Carbon & 

Climate

~2018–2020 

(Yellow)

Supports carbon-focused frameworks for 

nature-based climate solutions.

Restoration
Applied 

Management

~2017–2020 

(Yellow)

Emphasizes policy-driven research on 

ecosystem recovery and adaptive 

management.

Gulf  / Belize  / 

Caribbean
Geographic Focus

~2014–2020 

(Green to 

Yellow)

Identifies regional case study concentration 

in tropical and subtropical coastal systems.

Cost  / Value
Economic 

Valuation

~2016–2019 

(Green-Yellow)

Indicates a rise in studies linking ecosystem 

services to economic instruments and trade-

offs
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Table 2 illustrates how research themes have evolved over time—from early emphases on 

habitat diversity and species interactions to later priorities surrounding ecosystem service valuation, 

risk reduction, and climate mitigation. The transition from ecological to policy-relevant framing 

reflects an important disciplinary convergence and increasing relevance for decision-making in 

conservation, development, and climate finance contexts. 

4.2. Analysis of Trend Topics 

Figure 5 visualizes trending topics in mangrove ecosystem services research over time, 

illustrating both the temporal distribution and frequency of specific terms in the literature. Each 

horizontal bar represents the timespan during which a term was used, while bubble size indicates its 

frequency of occurrence—larger bubbles correspond to higher term usage. From this visualization, 

five major thematic insights emerge: 

 Foundational Topics and Long-Term Focus: Core ecological and habitat-related terms such as 

“fishing,” “mangroves,” “habitat,” and “ecosystem” appear consistently across the entire time 

span, indicating a persistent foundational interest in these themes within marine and coastal 

research. These topics reflect long-standing concerns with biodiversity, habitat provisioning, and 

the ecological functions of mangrove systems. 

 Emergence of Climate and Carbon-Centric Themes: Terms such as “carbon,” “sequestration,” 

and “blue” (as in "blue carbon") show a marked rise in frequency in recent years, particularly 

from 2016 onward. This corresponds with the growing global recognition of nature-based 

solutions and the role of coastal ecosystems in carbon storage and climate mitigation. Their 

increased presence in the literature aligns with policy shifts (e.g., IPCC reports, NDC 

frameworks) that have prioritized ecosystem-based climate strategies. 

 Expansion of Ecosystem Valuation and Sustainability Discourse: The appearance and growth of 

terms like “values,” “importance,” “functional,” and “stocks” reflect a conceptual shift toward 

ecosystem service valuation. These trends suggest that more recent research is not only 

concerned with ecological processes, but also with how those processes translate into measurable 

benefits—economically, socially, and climatologically. This mirrors the rising influence of 

valuation frameworks such as TEEB and CICES in environmental policy and finance. 

 Sustained Focus on Interconnected Ecosystems: Terms such as “seagrass,” “coral,” and “species” 

exhibit continuous and growing presence, underscoring an enduring focus on ecosystem 

connectivity and the biodiversity-supporting roles of mangroves. These ecosystems are 

increasingly viewed as part of integrated coastal-marine systems, with linkages to adjacent 

habitats and mutual reinforcement of ecological functions (e.g., fish nurseries, shoreline 

stabilization). 

 

Figure 5. Bibliometrix trend topics based on frequency and time period in which a term was found. 
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4.3. Analysis of Country Collaboration 

Out of the 65 articles included in this study, 40 (61.5%) had American first authors. The United 

States also exhibited the highest rate of international collaboration, with most co-authored papers 

involving Australia or the United Kingdom (n=4 each). Collaboration with Belize and Mexico 

occurred in three papers each, but there was no recorded co-authorship among Caribbean nations, 

apart from isolated instances involving Cuba, Panama, and Colombia. 

It is important to note that this bibliometric analysis does not capture contributions from 

territories and protectorates (e.g., the U.S. Virgin Islands, Puerto Rico), which may lead to an 

underestimation of intra-regional collaboration. This pattern underscores the need for more South-

South cooperation and capacity-building initiatives to ensure that the scientific knowledge generated 

is reflective of local priorities, experiences, and ecological contexts. 

4.4. Factorial Analysis 

 
Figure 6. Bibliometrix Factorial Analysis demonstrating seven distinct clusters 

This conceptual structure map seen in Figure 6 was generated from a multiple correspondence 

factorial analysis (MCA), which clustered the 110 most common words found in study abstracts 

related to marine and coastal research. It visually organizes these terms into conceptual groups, 

which can be used to interpret thematic trends in research.  

Dim 1 (x-axis) might represent a gradient from localized or ecosystem-specific studies (left) to 

global and ecosystem service-oriented studies (right). Clusters on the right reflect a broader, more 

global scope, while those on the left are more focused on specific species or habitats. 

Dim 2 (y-axis) to reflect a spectrum from practical management and conservation (bottom) to 

ecological and biological processes (top). Clusters in the top half suggest a focus on ecological 

characteristics and biodiversity, while those in the bottom half emphasize conservation practices and 

ecosystem functions. 

This conceptual structure supports a nuanced understanding of research diversity and helps 

categorize the current literature into the following thematic clusters: 

Green Cluster (Top Left): Species and Habitat Focus: This cluster includes terms like "fish," 

"species," "habitats," "seagrass," and "fisheries," suggesting a focus on species-specific studies and 

habitat characteristics. This grouping likely represents research on biodiversity and ecosystem 

structure, particularly in areas where species composition and habitat interactions are key. 
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Blue Cluster (Center Right): Mangrove Ecosystems and Regional Studies: Terms like 

"mangroves," "tropical," "Caribbean," and "coastal" indicate a regional and ecosystem-specific focus, 

particularly on mangrove habitats in tropical and Caribbean regions. This cluster also includes terms 

like "potential," "analysis," and "data," ndicates a methodological focus on quantifying ecosystem 

services and understanding the ecological value of mangroves through empirical, data-driven 

approaches. 

Red Cluster (Top Right): Global Carbon and Sequestration Themes: With terms such as 

"carbon," "sequestration," "storage," "global," "total," and "wetlands," this cluster corresponds to 

research at the interface of climate science and coastal ecosystem services. These studies address the 

global role of mangroves and wetlands in carbon cycling, with a strong policy relevance to blue 

carbon markets, national carbon inventories, and climate mitigation strategies. 

Yellow Cluster (Bottom Right): Ecosystem Services and Climate Change: This cluster contains 

terms like "ecosystem," "service," "climate," "change," "spatial," and "types," pointing to research on 

ecosystem services and the impacts of climate change on these services. This grouping suggests an 

emphasis on spatial analysis, ecosystem function, and climate resilience in coastal environments. 

Pink Cluster (Bottom Left): Marine Conservation and Management: Terms like "management," 

"conservation," and "marine" in this cluster suggest a focus on marine resource management and 

conservation strategies. This area likely represents studies centered on policies, practices, and 

frameworks for managing and conserving marine ecosystems. 

Additional Terms and Outliers (Top Center): Regional and Comparative Studies: Terms like 

"Florida," "significant," and "compared" are slightly detached from other clusters, suggesting a focus 

on regional studies (specifically Florida) and comparative analyses. This might indicate research 

comparing ecosystems or specific regions to assess ecological or environmental differences. 

A single Purple Outlier (“soil”) is spatially isolated, reflecting a niche research focus that may 

not be deeply integrated into mainstream mangrove ecosystem service literature but signals a 

potentially underexplored area (e.g., soil carbon dynamics or sedimentation processes). 

4.5. Optimized-Hotspot Analysis 

 

 
Figure 7. Location of studies and years of publication 
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The 61 studies included in our analysis span 21 sovereign nations and U.S. states across the 

Caribbean and Gulf of Mexico region (Figure 7). The majority of studies (n = 58) focused on a single 

geographic location, highlighting the localized nature of much mangrove ecosystem service research. 

Figure 7 also illustrates how the spatial distribution of study locations has shifted over time. 

More recent studies (2021–2024) are concentrated in the northern part of the region, particularly in 

Florida and Texas, while older studies (pre-2010) are more frequently located around the Yucatán 

Peninsula and the Eastern Caribbean. Venezuela is an exception, showing a mix of both earlier and 

more recent research. This northward shift in recent research activity is notable and suggests 

emerging research and funding priorities in the northern Gulf region. 

 

Figure 8. Location of studies on different ecosystem services. This figure has dispersed markers so that studies 

in the same location can still demonstrate all ecosystem services that they examined. 

This trend is further clarified in Figure 8, which displays jittered points to prevent overlap and 

allow for the visualization of studies addressing multiple ecosystem services. In regions with 

predominantly newer studies—especially Florida and parts of the Gulf Coast—there is a noticeable 

emphasis on regulating services, particularly carbon sequestration, which has become a dominant 

research focus in the last decade. 

To assess spatial clustering, we conducted an Optimized Hotspot Analysis (OHS), shown in 

Figure 9. This analysis identifies regions with statistically significant concentrations of studies. 

Florida, Belize, Cuba, Guatemala, and the Yucatán Peninsula emerged as hotspots—areas with high 

densities of research. These regions not only feature frequent study activity but also tend to examine 

multiple types of ecosystem services, which likely contributes to their hotspot status. 

In contrast, the Eastern Caribbean appears as a cold spot, characterized by a lower density of 

studies and a narrow focus—typically on only one type of ecosystem service per study. This suggests 

a spatial research imbalance, where ecologically and socioeconomically important regions may be 

underrepresented in current literature and deserving of increased research attention. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 December 2025 doi:10.20944/preprints202512.1484.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.1484.v1
http://creativecommons.org/licenses/by/4.0/


 16 of 25 

 

 

Figure 9. Optimized Hotspot Analysis demonstrating areas in the study area with the highest frequency of 

studies. 

4.6. Analysis of Ecosystem Services 

     Only one study in our dataset addressed all four major categories of ecosystem services—

supporting, provisioning, regulating, and cultural. This study, “The impacts of mangrove range 

expansion on wetland ecosystem services in the southeastern United States: Current understanding, 

knowledge gaps, and emerging research needs” by Osland et al. (2022), underscores the rarity of 

integrated or convergence-focused research in the field [65]. The vast majority of studies (n = 54; 83%) 

examined only a single ecosystem service, indicating a fragmented approach to understanding 

mangrove multifunctionality. 

Among those studies, regulating services were the most commonly addressed (n = 40), with a 

strong emphasis on carbon sequestration (n = 27). This suggests growing alignment with climate-

focused research agendas and funding priorities, particularly those tied to blue carbon and nature-

based solutions that are often monetized through carbon markets or mitigation finance. 

Studies on supporting services (n = 25) were largely centered on the nursery function of 

mangroves for commercial fisheries (n = 19), highlighting their role in sustaining economically 

valuable fish populations. Similarly, studies on cultural services (n = 8) most frequently focused on 

tourism (n = 5), another economically significant dimension of coastal ecosystems. 

In contrast, provisioning services (n = 9) received comparatively less attention and tended to 

emphasize subsistence fishing (n = 6), a service that is critical for local livelihoods but often lacks 

formal economic valuation. This imbalance suggests a tendency within the literature to prioritize 

ecosystem services with market or policy relevance, potentially at the expense of more localized, 

culturally embedded, or subsistence-based uses. 

4.7. Analysis of Stakeholders 

Stakeholder engagement was notably limited across the studies analyzed—only 11 out of 61 

articles (18%) explicitly considered stakeholders in the context of mangrove ecosystem services. 

Among these, the majority (n = 8) focused on cultural ecosystem services, and notably, every study 
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examining cultural services included some form of stakeholder engagement [65,67,72,97–104]. This 

reflects the inherently social and experiential nature of cultural services, which often depend on local 

perceptions, values, and practices for their identification and assessment. 

Interestingly, only three of the eleven stakeholder-focused studies had a first author affiliated 

with the country or state under study [98,100,104]. This pattern may reflect a greater need for 

contextual understanding among foreign-led research teams. Alternatively, it could point to a 

possible underreporting or underemphasis of stakeholder engagement in studies led by local 

researchers, perhaps due to assumed familiarity or implicit knowledge that is not made explicit in 

the publication. 

The studies that did engage stakeholders demonstrated a wide range of stakeholder types, 

including scientists, resource managers, government agencies, NGOs, and local community 

members. Several also engaged with non-institutional stakeholders such as fishers, birdwatchers, 

tourists, and other local residents, reflecting an effort to incorporate diverse, place-based knowledge 

systems into ecosystem service assessment and management [65,67,72,97–104]. 

Overall, the limited number of studies incorporating stakeholder perspectives reveals a critical 

gap in the literature—particularly in light of increasing recognition that stakeholder inclusion is 

essential for effective ecosystem service valuation, scenario development, and the implementation of 

locally grounded, socially equitable nature-based solutions. 

Our analysis underscores that mangrove conservation and restoration efforts are intrinsically 

linked to the interests and engagement of local communities, industries, and governments [85,105–

107]. Incorporating a diverse range of stakeholder perspectives not only strengthens the legitimacy 

and effectiveness of conservation initiatives but also supports the sustainable management of the 

multiple ecosystem services that mangroves provide. 

5. Discussion 

This study unearthed knowledge gaps in terms of study site distribution, the type of ecosystems 

service studied, and the involvement of stakeholders. By using both a comprehensive literature 

review and meta-analysis, we have been able to analyze these gaps in a scientifically vigorous 

fashion. Our main findings are indicative of a lack of convergence between different ecosystem 

services within a single study. Additionally, while stakeholders are more likely to be involved when 

the first author is a foreigner, there are still relatively few studies that involve the local community. 

 Because of the historical focus on dollar valuation, there is a lack of studies that focus on the 

priorities of both scientists and local stakeholders regarding the holistic valuation of ecosystem 

services. In this study, we examine not only the existing literature on the ecosystem services provided 

by mangroves but also changes in the trends of priorities for mangrove services. We hypothesized 

that: (1) older studies will focus more on the provisioning services to fisheries and the supporting 

services of nurseries; (2) newer studies will focus on regulating services of carbon sequestration; (3) 

cultural services will be underrepresented in the literature due to a perceived lack of scientific value 

at this intersection with social sciences; (4) stakeholder engagement will be underrepresented or not 

present in the majority of studies; (5) convergence of ecosystem services and the ensuing trade-offs 

between them will be largely ignored by most studies. Finally, we want to examine where these 

studies are taking place to determine biases caused by the larger context of these study locations. 

The Bibliometrix trend topic analysis unearthed an evolving focus in marine and coastal 

research, from foundational studies on habitat and species to a more recent emphasis on ecosystem 

services, carbon sequestration, and spatial analysis. This trend aligns with global environmental 

priorities around climate change, biodiversity, and sustainable use of natural resources. Essentially, 

as climate change and carbon sequestration have garnered more media attention and more financial 

backing, there has been an increase in these studies. Likewise there has been a decrease in studies on 

fisheries as the international fishing market has begun to deteriorate and collapse.  

Relatedly, the VOSviewer temporal term visualization illustrates the progression of marine and 

coastal research from biodiversity and habitat-specific studies in earlier years (2012-2015) toward an 
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emphasis on climate mitigation and carbon storage functions in later years (2018-2020). It highlights 

key themes like species protection, ecosystem services, and carbon sequestration, with a particular 

focus on the protective and climate-regulating benefits of coastal ecosystems like mangroves, 

seagrass beds, and salt marshes. The clustering of terms and the color-coded timeline provides a clear 

picture of the field's evolving priorities, shaped by increasing concerns over climate change and 

ecosystem sustainability. 

 These shifts denote the changing priorities of scientific researchers and their funders within the 

last decade and a half. Studies of ecosystem services in the Gulf of Mexico and the Caribbean that 

examine mangroves have historically lacked convergence. That is that different aspects of ecosystem 

services are examined separately instead of being viewed holistically to create a full picture of the 

relationship between humans and the forests around them. 

 Only four studies referenced mangroves as a form of nature-based solutions in their abstracts 

[44,69,108,109]. All four of these studies were released in the last five years and most focus on carbon 

sequestration, with one focused on flooding. This suggests that authors are viewing nature-based 

solutions through a very narrow lens that focuses almost exclusively and explicitly on mangroves’ 

relationship to the climate crisis. 

 By not including local stakeholders and the additionality of multiple ecosystem services, these 

studies have missed much of the importance of understanding mangrove ecosystem services for their 

protection and conservation. Scientists must be more astute in consulting with local policymakers 

and peoples in order to provide accurate assessments that may result in meaningful changes in policy 

and law. That is, without local input, no findings can be properly implemented in order to protect 

mangroves and their associated ecosystem services.  

6. Conclusion 

Our review highlights several vital gaps in the current body of work. First, there is minimal 

convergence between the social sciences and biological sciences in this region of interest, resulting in 

fragmented perspectives and missed opportunities for interdisciplinary synthesis. Second, many of 

the existing studies are relatively small in scale and provide few avenues for broader generalization. 

Third, while anthropological research has placed commendable emphasis on local stakeholders, 

similar attention has not been sufficiently integrated into ecological studies, leading to an imbalance 

in how stakeholder perspectives are represented across disciplines.  

The additives and non-linear relationships of ecosystem services are crucial in understanding 

and evaluating preservation and restoration approaches. For example, Arkema et al., 2015 examined 

the tradeoffs related to coastal protection, supporting the lobster fishery, and tourism in coastal 

systems including mangroves [97]. They even used stakeholder engagement to develop potential 

management plans [97]. By pursuing more studies like this, the field would evolve to consider a 

diversity of views and expand scientific understanding. In addition, many of the existing studies are 

relatively small in scale and provide few avenues for broader generalization. 

Mangroves not only work as a form of climate mitigation but also adaptation and—often 

overlooked—an important cultural tie in to the surrounding community. Evaluating ecosystem 

services in a holistic manner and including stakeholders in the process leads to effective use of 

Nature-based Solutions. The articles examined here create an excellent structure and stepping off 

point for the convergent studies that make up the future of ecosystem services in the Caribbean, Gulf 

of Mexico, and globally. 
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