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Abstract: Mangroves are vital intertidal ecosystems that support biodiversity and protect coastal
communities, but face increasing pressure from anthropogenic activities that sustain local livelihoods.
It is crucial to integrate the social dimension into conservation efforts by encouraging community
participation in mangrove restoration. Chame Bay, located on the central Pacific coast of Panama, is a
protected area with significant mangrove cover, but despite its management plan, degradation contin-
ues due to intensive timber extraction for charcoal production and insufficient natural regeneration.
This study investigates local knowledge and perceptions of mangrove functions and regeneration.
A proportional stratified sampling of the Chame Bay population was used, with 300 interviews
conducted among key stakeholders, including residents and mangrove resource users. Variables
such as age, education, and profession were analyzed in relation to perceptions, participation, and
willingness to participate in restoration efforts. Results indicate that 24.67% of the population’s
primary economic activity is charcoal production from mangrove wood, with 15% of producers
already involved in restoration and 60% willing to participate. These findings highlight the potential
for community-driven restoration and emphasize the need for environmental education to encour-
age participation. This study provides essential information for designing restoration strategies in
mangrove areas in Central America.

Keywords: ecosystem services; environmental education; natural regeneration; restoration

1. Introduction

Tropical coastal ecosystems are globally recognized for their rich biodiversity and
high productivity [1]. Among these ecosystems, coral reefs, seagrass beds, and mangroves
play pivotal roles in maintaining oceanic health and balance [1]. Mangroves are intertidal
ecosystems that provide vital biodiversity support and coastal protection worldwide [2].
They thrive at the interface between terrestrial and marine environments, forming unique
habitats that stabilize coastal areas. Beyond biodiversity, mangroves deliver essential
ecosystem services, including flood protection, water storage, and habitat preservation [3,4].
They are highly productive environments, providing habitats for 75% of commercial fishery
species during various life stages [5,6]. For example, Indonesia is an important habitat
for its diversity of fish and invertebrate species, the abundance of which supports the
livelihoods of the country’s coastal communities [7]. In mangroves, factors such as soil and
water are essential because they play a fundamental role in the natural distribution and
biological activity of mangroves [8]. Also, they create physical and chemical conditions that

Land 2024, 13, 1783. https://doi.org/10.3390/land13111783 https://www.mdpi.com/journal/land

https://doi.org/10.3390/land13111783
https://doi.org/10.3390/land13111783
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/land
https://www.mdpi.com
https://orcid.org/0000-0002-7917-7663
https://orcid.org/0000-0003-4953-2123
https://orcid.org/0000-0001-8507-8429
https://orcid.org/0000-0002-3963-5228
https://doi.org/10.3390/land13111783
https://www.mdpi.com/journal/land
https://www.mdpi.com/article/10.3390/land13111783?type=check_update&version=1


Land 2024, 13, 1783 2 of 18

affect abiotic factors such as soil anaerobiosis, organic matter accumulation, and nutrient
availability, but also biotic such as species richness and composition. Thus, they determine
the species that remain in wetlands and their primary productivity [9]. In addition to these
ecological functions, mangroves have recently been recognized in the fight against climate
change [10] because they capture and store blue carbon, help protect coasts, maintain
marine biodiversity, and support the sustainability of local communities [11]. For this
reason, preservation and restoration are essential in the fight against climate change and in
adapting to its impacts.

The degradation and loss of species diversity in these ecosystems are exacerbated by
challenges such as habitat loss, which can significantly diminish ecosystem services [12].
Activities such as mangrove cutting for charcoal production, building materials, fuelwood,
and fishing further contribute to these threats [13]. While these activities have contributed
to economic and social development, they have also pressured mangrove ecosystems
significantly, compromising their biodiversity, structure, and functioning. In recent decades,
mangroves have faced increasing pressures due to various anthropogenic activities, leading
to significant degradation and raising concerns about their conservation and ecological
functioning. The expansion of the human population and the consequent increase in
demand for natural resources has led to the intensive exploitation of mangrove areas
for purposes such as agriculture, aquaculture, urbanization, mining, and industry [14].
The clearing of mangroves for timber, charcoal, and space for human activities has led to
ecosystem fragmentation and degradation, which can negatively affect biodiversity and the
ability of mangroves to provide essential ecosystem services [15]. In addition, advancing
agriculture and aquaculture often involves introducing chemicals and nutrients into nearby
water bodies, affecting habitat quality and water pollution [16,17]. Overexploitation of
fishery resources and soil degradation have also directly impacted the health and resilience
of mangrove ecosystems [17].

According to the Environmental Information Directorate (DIA) of the Ministry of
Environment, Panama has 177,293 ha of mangroves, of which 164,124 ha are in the Pacific
and 13,169 ha in the Caribbean: representing 2.4% of the country’s forest cover. Panama’s
intertidal mangrove is home to the most significant number of mangrove species in the
Americas [1]; 12 species of the 65 species identified worldwide have been reported [18].
The mangroves of Chame Bay are home to many marine and terrestrial species. They
are part of the tropical and subtropical dry forest ecoregion, which is in a critical state
of conservation [19]. One of the most notable impacts of anthropogenic activities on
mangroves is habitat loss due to converting mangrove areas into agricultural expansion,
the establishment of farms, shrimp farms, salt ponds, or urban land [20].

According to data from the Environmental Information Directorate of the Ministry
of Environment, Chame Bay experienced a worrying loss of 6% of mangrove forest from
illegal logging between 2012 and 2019. The National Directorate of Protected Areas and
Biodiversity of the Ministry of Environment highlights that these mangroves face significant
threats derived from anthropogenic activities, such as mangrove forest fragmentation,
overuse, and excessive exploitation for mangrove charcoal production and mangrove stick
extraction resulting in biodiversity loss. Exploitation for charcoal production contributes to
the loss of this vital ecosystem and generates greenhouse gas emissions, contributing to
climate change. In addition, residents are in a vulnerable position due to exposure to the
smoke generated by the ovens used in this extractive activity [21].

Anthropogenic actions have become increasingly important in defining the dynamics
and trajectory of mangrove ecosystem regeneration worldwide [13]. For example, in
Indonesia coal mining represents the main anthropogenic activity causing disturbance to
mangrove ecosystems [22]. Additionally, the extent of mangroves continues to decrease
at an alarming rate due to land use change, and this phenomenon is aggravated mainly
by the expansion of tourism developments [16,23]. These developments often promote
the construction of hotel infrastructures that are not ecologically sustainable [17]. This
uncontrolled growth in areas close to mangroves seriously threatens the integrity of these
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fragile ecosystems [17]. This situation reflects a lack of effective regulation and control
that jeopardizes the conservation of mangroves, despite their vital importance in climate
change mitigation and their essential role in coastal protection and the maintenance of
marine biodiversity. The urgent need to address these problems and promote sustainable
development practices in mangrove areas is undeniable if we are to preserve these crucial
ecosystems for future generations [20]. Due to the loss and deterioration of mangroves, it
is essential to implement not only conservation measures to preserve the mangroves that
are still in good condition, but also restoration actions that enable the recovery of critical
elements, such as their original structure, functions, and dynamics. Therefore, mangrove
restoration is fundamental in conserving these valuable ecosystems and mitigating climate
change’s impact.

Ecological restoration goes beyond just recovering the natural aspects of the ecosys-
tem [21] and it is now recognized that restoration must encompass a broad spectrum of
practices that not only include aspects of the natural sciences, but also dimensions of the
human sciences, economic factors, and relevant cultural dimensions [24]. This perspective
implies that successful restoration requires a holistic view considering historical, social,
cultural, political, aesthetic, economic, and moral attributes [25]. In addition, it must con-
sider how restoration efforts relate to patterns of resource use and the values and activities
that are significant to the society in question [26]. Also, the importance of community
involvement, with a sound scientific understanding of the ecosystem’s preconditions, is
emphasized [27]. Ultimately, it is recognized that the relationship between natural ecosys-
tems and human influence is diverse and variable [28]. The diversity of ecosystems is
evident, some have been profoundly transformed by human activity [29], while others have
evolved due to traditional practices that resemble natural disturbances [30]. This nuanced
understanding of the relationship between humans and nature is critical to the planning
and implementation of restoration projects that are effective and culturally sensitive [31].
The adaptation of restoration strategies to the particularities of each ecosystem and the
historical and cultural interaction is therefore fundamental to achieving positive and lasting
results [32].

In order to address the problems posed by the degradation of mangroves in Chame Bay
and the importance of their restoration, this research has the following objectives: to assess
the level of knowledge and perception of local communities and users about the ecological
relevance of mangroves and the ecosystem services they provide; to analyse the current
participation of farmers and charcoal producers in mangrove restoration actions and their
willingness to get involved in future ecological regeneration processes; and to examine
the relationship between socio-demographic variables, such as age, educational level
and professional sector, with the perception, involvement and willingness to participate
in restoration.

2. Materials and Methods
2.1. Description of the Research

The perception survey is a valuable tool that could provide us with essential infor-
mation to make informed decisions and design strategies promoting sustainability and
mangrove regeneration. At the same time, this tool allows us to respect the socioeconomic
and cultural dynamics of the communities that depend on these critical ecosystems, thus
ensuring environmentally responsible and socially inclusive management.

Conducting this survey in the Chame Bay mangrove represents a fundamental step in
obtaining crucial information on the socioeconomic situation and, equally relevant, the per-
ception of the communities that use the mangroves concerning their regeneration process.
The surveys applied to the inhabitants and users of the Chame Bay mangrove responded
to the following variables: (a) users’ knowledge of mangroves, (b) local perception of man-
groves and the services they provide, (c) mangrove-related activities, and (d) mangrove
management and conservation actions, and were applied to a representative sample of
the target population. This valuable information becomes essential for understanding the
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complex interactions between humans and the mangrove ecosystem. The analysis and
use of the data resulting from the survey is important, as it will allow us to shed light on
the direct and indirect effects that anthropogenic processes exert on mangrove regenera-
tion. The perception of the communities that interact with these ecosystems is critical in
understanding how mangrove areas have been affected over time due to human influence.

This knowledge is vital for developing effective conservation and restoration strate-
gies. The survey results will be key in expanding our understanding of how mangrove
degradation impacts mangrove-dependent communities. In addition, they will allow us
to assess the willingness of these communities to participate in restoration processes. By
identifying the factors that influence the perception and desire to engage in mangrove
restoration, we can tailor conservation and management strategies to be more effective
and attuned to the needs and desires of local communities. In our study, we set out to
examine the perception and knowledge of mangrove communities and users regarding the
regeneration of these vital ecosystems and to understand how this regeneration influences
their lives. By analyzing these perceptions and knowledge in detail, we were able to gain a
clear picture of the opinions and perspectives of mangrove users and inhabitants. Based on
these analyses, we can offer fundamental recommendations that contribute to the sustain-
able management of these valuable ecosystems, ensuring their long-term conservation and
promoting harmony between the local community and their natural environment.

2.2. Study Area

The present study was conducted in the Chame Bay Protected Area, Panama. The
terrestrial portion of Chame Bay, located 65 km southwest (Figure 1) of the capital city,
between the coordinates 8◦39′48.6′′ N, 79◦50′52.5′′ W, and 8◦39′35.4′′ N, 79◦50′48.3′′ W,
includes a mangrove extension of 6000 ha where the benefits and overexploitation of this
type of ecosystem converge [33]. The mangrove forests of Chame Bay have seven species of
mangroves: Rhizophora mangle, Avicennia bicolor, Laguncularia racemosa, Pelliciera rhizophorae,
Avicenia germinans, Conocarpus erectus, and Rhizophora racemosa. The predominant species
are Rhizophora mangle and Rhizophora racemosa; Avicennia germinans and Avicennia bicolor
are found in pure stands and forming mixed stands. There are also species associated with
mangrove vegetation such as Anacardium excelsum, Guazuma ulmifolia, Coccoloba uvifera,
Acrostichum aureum and Fimbristylis spadicea [34].

2.3. Survey Design

This study used proportional stratified sampling of the population within the Chame
Bay protected area (Table 1) to ensure that each critical subgroup was adequately repre-
sented. The strata are defined as the protected area’s township: Punta Chame, El Líbano,
Bejuco, Sajalices, Campana, and Cermeño. Stratified selection ensured that each geographic
location in the protected area had a proportional presence in the final sample.

Table 1. Number of surveys applied per township within the protected areas of Chame Bay.

Township Protected Area Zone Surface of the
Protected Area (ha)

Population by
Protected Area

Number of Surveys
Applied

Punta Chame Absolute protection zone 1171.0 443 22

El Líbano
Sustainable use zone 550.5

200 10Absolute protection zone 1000.5

Bejuco Absolute protection zone 486.0
4050 202Sustainable use zone 675.6

Sajalices
Absolute protection zone 148.7

1236 62Sustainable use zone 324.9
Recovery zone 116.7
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Table 1. Cont.

Township Protected Area Zone Surface of the
Protected Area (ha)

Population by
Protected Area

Number of Surveys
Applied

Campana Sustainable use zone 2591.4
1 1Special management zone 999.3

Cermeño
Absolute protection zone 493.2

52 3Sustainable use zone 984.9
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2.4. Sample Size Calculation

The sample size was calculated considering a confidence level of 95%, a margin of
error of 5%, and the size of the total population per township within the protected area; the
following formula was used:

n =
N σ2Z2

(N − 1)e2 + σ2Z2

where:
n: Sample size.
N: Population size.
σ: Standard deviation of the population (0.5).
Z: Critical value based on the desired confidence level (1.96).
e: Acceptable limit of sampling error.
The confidence level used in the study indicates that there will be a 95% probability

that the results are within an acceptable margin of error (Z = 1.96). The margin of error
we used is 5% (e = 0.05), which indicates that the survey results may vary by +/−5% con-
cerning the actual population. The population size was 300 surveys, ensuring a significant
representation of the population studied.
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2.5. Implementation of the Perception Survey

Before the full implementation of the survey, we conducted an initial set of 10 pilot
surveys to verify the questionnaire’s effectiveness and clarity. During this pilot phase,
adjustments and corrections were made to the survey format based on participants’ re-
sponses and comments. This process ensured consistency and comprehensibility before
applying the full sample. The survey was conducted through interviews with inhabitants
and users in each village within the protected area (Table 1, Figure 1). The questionnaire
was designed with questions based on ecosystem services: supporting, provisioning, reg-
ulating, and cultural [35]. The surveys responded to the following variables: (a) users’
knowledge of mangroves, (b) local perception of mangroves and the services they provide,
(c) mangrove-related activities, and (d) mangrove management and conservation actions,
and were applied to a representative sample of the target population. The survey team was
trained to ensure uniformity in data collection.

2.6. Ethical Considerations and Consent

In the Panamanian context, research is regulated by the National Bioethics Committee
(CNBE), established in Executive Decree No. 1843 [36]. The CNBE, focused on health
research, oversees ethical issues related to research in the country. Importantly, since our
study is not within the scope of health research, specific permission from the CNBE was
not required to conduct the survey. Despite this, strict ethical protocols were followed
during the implementation of the study. Before applying the questionnaire, detailed
information about the purpose of the study was provided to the respondents. Their consent
was explicitly requested, and they were assured of the absolute confidentiality of their
responses. This approach ensured that the study was conducted in an ethical and respectful
manner, meeting the standards of integrity, privacy required for research and absolute
confidentiality of their personal information.

2.7. Statistical Analysis

The chi-square test statistic was used within the framework of our research on the
perception of users in relation to mangrove restoration actions. This statistical analysis was
used to evaluate and understand the relationship between the variables associated with the
participants’ perceptions and the actions implemented in the mangrove restoration process.
The chi-square test allowed us to examine the possible dependence or independence of
the variables, which in turn shed light on the perceptions of the users in relation to these
mangrove restoration actions.

3. Results
3.1. Characteristics of Respondents

The respondents’ profile reveals a balanced distribution in terms of gender, with
55% of respondents being female and 44.7% male, while a minimal percentage of 0.3%
chose not to answer. A wide diversity in terms of age ranges is observed, reflecting the
inclusion of different age groups in the study. For example, 22.3% of respondents fall in the
18–30 age range, representing youth and young adults in the sample. Likewise, 30.3% were
between the ages of 31 and 50, indicating the presence of people in the intermediate stage
of life. On the other hand, 33.3% belong to the 51 to 71 age group, reflecting the significant
presence of older individuals in the sample. In addition, 14% of the respondents are over
71 years of age, highlighting the inclusion of elderly people in the study. Regarding the
educational background of the respondents, the sample reflects a diversity in terms of
education. It is observed that 0.7% of the respondents have postgraduate studies, indicating
a limited presence of individuals with a high level of specialization, 14.7% have a bachelor’s
degree, indicating individuals who have completed university studies, 15.3% have technical
training, reflecting the presence of individuals with specific skills and knowledge, 41% have
completed secondary education, indicating the largest representation of individuals with
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an intermediate educational level, and 28.3% of the respondents have primary education,
highlighting a basic educational level in the sample.

The result of the data analysis indicates differences by gender for the earnings. Among
the total number of men surveyed, 56.53% identified themselves as salaried employees,
while 43.47% stated that they were self-employed. On the other hand, 59.06% of the women
surveyed indicated that they were salaried, and 40.94% reported being self-employed. The
analysis of the household income of the respondents reveals a wide variety of economic
situations within the sample, reflecting the socioeconomic diversity present in the popu-
lation studied. Forty-six percent of respondents report a household income of less than
$500 per month, suggesting the significant presence of households with limited economic
income. On the other hand, 39.7% of respondents have incomes between $600 and $800
per month, indicating a considerable proportion of households with moderate incomes,
considering that the minimum wage in Panama is $600. In addition, 14.3% of respondents
report incomes above $801 per month, reflecting the economic diversity of the community.

Thirty-eight percent of respondents indicated that the mangrove represents regulating
services (water cycle, erosion control, soil fertility maintenance, water regulation, sanitation,
and pollination), followed by 32% for provisioning services (food, water: agriculture
and consumption, energy resources: firewood, raw materials, genetic resources), and
26% of respondents who did not answer. In the case of cultural services (education,
cultural diversity, aesthetic value, belonging, scientific knowledge, recreational services,
and ecotourism) and support services (photosynthesis, species habitat, conservation of
genetic diversity, nutrient cycling, primary production), 2% of respondents consider these
services to be what the mangrove represents.

3.2. Ecosystem Service Provisioning in Relation to Economic Activity and Interaction with
the Mangrove

The ecosystem service of provisioning plays a crucial role in the economic activity of
the communities that interact with mangroves. In the case of the primary sector, which
includes agricultural and fishing activities, accounting for 38% of respondents, mangroves
provide essential resources such as fish, shellfish, and timber, which are fundamental for
subsistence and local commerce. This sector relies heavily on the health of the mangroves
to maintain their productivity and ensure the livelihoods of the families that depend on
these natural resources. On the other hand, the tertiary sector, which comprises 58% of
respondents, benefits indirectly from mangroves through service and commerce-related
activities. To a lesser extent, the secondary sector, with 2% of respondents, also interacts
with mangroves through the transformation of products derived from these ecosystems,
such as the production of handicrafts and other manufactured goods. Finally, the re-
maining 2%, classified as “other”, includes various activities that, although not specified,
may be related to the sustainable use and conservation of mangroves, highlighting the
multifaceted importance of these ecosystems for the local economy and the provision of
essential resources.

3.3. Ecosystem Service Regulation and Mangrove Conservation

The results highlight that many respondents (57.87%) attribute changes in the man-
grove forest mainly to deforestation, underscoring concern about the loss of forest cover
in these ecosystems. In addition, agricultural activity is also perceived as another factor,
mentioned by 41.87% of respondents (Figure 2). Regarding the perception of the current
state of the mangrove, many respondents (74%) consider it to be in fair condition, while a
quarter of respondents (25%) perceive it to be in poor condition. Only a small percentage
(1%) consider the mangrove to be in good condition, suggesting widespread concern for
the health of these ecosystems. Many respondents (79.21%) suggest that reforestation is the
best way to recover the mangrove, highlighting the importance of taking restoration actions.
However, only 15.05% of respondents advocate plantation, indicating the possibility that
they may consider restoration approaches other than mangrove planting. In addition, a
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small percentage (5.73%) do not have a clear opinion on how to restore the mangrove
(Figure 2).
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Figure 2. Community perception of the current state, changes, and reforestation methods of man-
groves shows a visual representation of how local communities perceive different aspects related to
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In relation to restoration methods, most respondents (69%) believe that mangrove
restoration should be carried out using assisted regeneration, underscoring the acceptance
of this technique among the community, however, 30% of respondents believe that both
methods (assisted and natural) should be used. Only 1% advocate natural regeneration
as the primary approach (Figure 2). Regarding preference for the number of mangrove
species in assisted regeneration efforts, half of the respondents (50%) felt that two mangrove
species should be used. Forty-eight percent prefer to use more than two species. Only a
small percentage (2%) believe that a single species is sufficient for regeneration (Figure 2).
Respondents show a varied knowledge of mangrove species, with Rhizophora mangle,
Laguncularia racemosa, and Pelliciera rhizophorae as the best known.

3.4. Ecosystem Support Service and User Participation

Among the charcoal producers, 15% have already participated in restoration actions.
Of the group that participated in restoration, 38.78% were involved in mangrove seed
collection, 44.90% in mangrove planting, and 16.33% in nursery propagation. 54.90%
of the farmers surveyed have participated in restoration actions. 35.71% participated in
mangrove seed collection, 53.57% in mangrove planting, and 10.71% in nursery propagation.
Figure 3 shows the participation of respondents in various activities related to mangrove
conservation and restoration, categorized into townships. In the case of charcoal producers,
respondents from Bejuco showed a notably higher tendency to not participate, while
the other localities such as Campana, Cermeño, El Líbano, Punta Chame, and Sajalices
have considerably lower participation in all activities. As for farmers, respondents from
Sajalices stood out for their participation in mangrove planting, being the group with the
highest participation in conservation activities. The other activities and localities showed
more balanced participation, but in general, the option of “not participating” remains
predominant in several communities, with the exception of Sajalices in the nursery and
mangrove planting activities. Users’ perceptions of mangrove restoration do not seem to
differ according to educational level and social interaction patterns.
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Figure 3. Restoration actions by producers. The figure shows the restoration actions carried out by
farmers and charcoal producers by township. The bars indicate the people who have participated by
township in activities such as seed collection, mangrove planting, and nursery propagation, which
shows the degree of involvement in mangrove regeneration. SC: Seed collection; PM: Planting of
mangroves; MN: Mangroves nursery; DNP: Does not participate.

Since charcoal production is the economic activity with the greatest impact on the
mangrove, the results indicate that 77.27% of the agricultural sector expressed interest in
participating in these activities, while 22.73% expressed no desire to get involved. On the
other hand, in the case of charcoal producers, 59.46% showed a willingness to participate,
while 25.68% showed no interest (Figure 4). The error bars associated with the graph
indicate variability in responses, being more pronounced among farmers compared to char-
coal producers. However, when comparing the perception of participation in restoration
processes between the two groups, no significant differences were observed, suggesting a
similar general trend in terms of willingness to get involved in mangrove restoration.
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The results of the chi-square statistical analysis (Table 2) reveal that farmers have a
significantly higher participation in mangrove restoration actions. This result suggests that
farmers are more willing or involved in activities that promote ecosystem regeneration.
In addition, charcoal producers also show significant participation in these restoration
actions, although in a smaller proportion. However, when directly comparing participation
between farmers and charcoal producers, no significant differences were found, indicating
that both groups are equally willing to participate in restoration, although the motives or
magnitude of their participation may vary.

Table 2. Chi-square analysis. The chi-square test was applied to the surveys applied to the users and
inhabitants of the mangroves of Chame Bay to evaluate the relationship between various qualitative
variables and the respondents’ perception of the mangrove. This analysis allowed us to determine
if there was a significant association between factors such as participation in restoration activities
(agriculture and charcoal production), interest in reforestation, the current state of the mangroves,
knowledge about ecosystem conservation, and the productive practices of the users.

Chi-Squared Agricultural
Participation

Participation of
Charcoal Producer

Charcoal vs.
Agriculture

Degree freedom 1 1 1
Chi2: 16.624 7.7437 1.8493
p (no assoc.): 4.56 × 10−5 0.00539 0.17387

4. Discussion

The results of the surveys applied to the users and inhabitants of the mangrove forest
of Chame Bay offer detailed insight into their knowledge, perceptions, and experiences
about this valuable ecosystem. These results provide an in-depth understanding of the
social, economic, and environmental dynamics and offer useful information to guide future
management and conservation strategies in the protected area. Also, the analysis of the
data obtained revealed several significant aspects related to the salary situation by gender,
the respondents’ main economic activity, and their perception of the services provided by
the mangroves.

Regarding gender and age status profile, the results indicate that a higher percentage
of female respondents identified themselves as wage earners compared to men. This trend
could suggest a greater presence of women in roles that have traditionally been considered
salaried jobs. This could result from changes in job opportunities and greater inclusion of
females in previously male-dominated sectors [37]. In terms of gender and employment,
it has been identified that in several regions women have a greater presence in salaried
jobs, reflecting both advances in inclusion and possible wage inequalities. In a similar
survey conducted about mangrove governance in southeastern Cuba, 46.2% of respondents
were women, with a considerable number of them participating in the public sector [38].
However, it is important to consider the possibility that this greater presence in salaried jobs
may also be related to the persistence of gender-based wage inequalities, where females
could be more likely to occupy lower-paid positions [39,40]. On the other hand, the results
also indicate that a higher percentage of male respondents identified themselves as self-
employed than women. This trend could be related to the notion of independence and
autonomy that is often associated with self-employment [41]. Some men may seek the
flexibility and control offered by self-employment as a response to traditional expectations
of being the main economic providers in the household. In addition, this difference could
be related to inequalities in work opportunities, as some women may feel limited in their
access to self-employment roles due to factors such as lack of resources or unequal access
to networks and opportunities.

In Chame Bay, the predominant economic activities in the studied region are included
in the tertiary sector, which is oriented towards services and commerce. This is influenced
by tourism and recreational activities of the local population [42]. The primary sector also
maintains a significant presence, highlighting the importance of agricultural and fishing
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activities in the region’s economy [34]. These results provide a deeper understanding of the
distribution of economic activities among the respondents and their potential impact on
the community and the region in general. The finding that the tertiary sector was identified
as the one concentrating the majority of the economic activities of respondents is consistent
with the global trend of transition towards service-based economies in many regions [43].
The strong presence of the tertiary sector indicates increasing urbanization, as well as the
importance of trade and service activities for the local economy. Furthermore, this result can
be an indicator of economic diversification and adaptation to changing market demands.

On the other hand, respondents who indicated that they were engaged in the primary
sector (agricultural, charcoal, and fishing activities) indicated a significant proportion of
individuals who depend directly on natural resources for their livelihoods. This reflects
the continued importance of primary activities in employment generation and food supply.
However, it may also point to challenges related to sustainability and natural resource
management in the context of increasing pressure on the environment [44].

The most limited group of economic activities is in the secondary sector (industrial
and manufacturing), which may indicate less industrialization in the studied region. This
may have various economic implications, from a lack of industrial infrastructure to possible
limitations in the availability of resources and skilled labor for manufacturing. Although
this proportion is low, its importance should not be underestimated, as the secondary sector
usually triggers broader economic growth processes.

The “other” category indicates activities not specified in the survey. This category
may represent a diversity of occupations and economic activities that do not fit into the
predefined categories. The existence of this category underscores the complexity and
diversity of economic activities in the region, which may reflect adaptation and innovation
in response to changing needs and emerging opportunities.

The results reveal important findings that shed light on the community’s perception
of mangrove ecosystem degradation and restoration. One of the most prominent aspects is
the attribution of deforestation as the main factor of change in the mangrove. This result
reflects widespread concern about the loss of forest cover in mangroves and underscores the
importance of addressing deforestation as a critical threat to the integrity of these ecosys-
tems [45]. The perception of agricultural activity as another relevant factor suggests the
need to consider conservation strategies that address agricultural practices in these areas.

The community’s assessment of the state of the mangrove shows divided opinions:
while the majority considers it to be in fair condition, a significant portion perceives it to be
in poor condition. This discrepancy could be due to variations in knowledge, experience,
or economic dependence on the mangrove, as well as the environmental awareness of the
respondents. This perception reflects widespread concern for the health and stability of
mangroves, indicating the need to implement effective measures to ensure their long-term
conservation [46].

This study reveals that the majority of respondents prefer reforestation as a method of
mangrove recovery, indicating strong support for active restoration efforts to revive these
crucial ecosystems. This preference is supported by a general understanding that mangrove
planting can be an effective strategy for revitalizing these ecosystems [47]. However, it is
important to recognize that this preference may be influenced by a lack of knowledge about
alternative methods of mangrove restoration. The implementation of other techniques,
such as hydrological restoration, water quality management, or coastal wetland conserva-
tion, could offer complementary or even more effective solutions in certain contexts [48].
However, a group of respondents show a preference for alternative methods of regenera-
tion, suggesting that they consider options other than simply planting mangroves. This
highlights the importance of exploring more diverse restoration approaches tailored to the
specific conditions of each mangrove area.

In terms of restoration methods, the acceptance of assisted regeneration of respondents
is an indicator that the community is willing to support approaches that involve active
intervention in mangrove restoration. For example, one of the key strategies that has been
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implemented in the region is mangrove restoration through assisted regeneration, where
they have carried out mangrove plantations in degraded or deforested areas [49].

The respondents who advocate the use of both methods (assisted and natural) demon-
strate a deep understanding of the need to balance natural and assisted approaches.
Through integration of natural methods (such as natural regeneration and conservation
of existing habitats) with assisted approaches (such as reforestation and rehabilitation
of degraded ecosystems), regeneration efforts can be successful and promote long-term
mangrove recovery. The preference for the use of more than two mangrove species in
assisted regeneration efforts highlights the importance of species diversity in the mangrove.
This suggests that the community values the diversity of the ecosystem and understands
the relevance of multi-species regeneration to strengthen the resilience of the Chame Bay
mangroves [50].

Mangroves provide a variety of ecosystem services that contribute to the sustainable
development of coastal communities [51]. Mangroves provide a wide range of ecosystem
services that are fundamental to the sustainable development of coastal communities,
including Chame Bay. Public perception of these services, especially regulating services
such as carbon sequestration, prevention of natural disasters, and regulation of water flows,
plays a key role in the effectiveness of conservation efforts [52]. The majority of respondents
in similar studies recognize the importance of mangroves for coastal protection and their
ability to support local economic activities such as fishing. This coincides with the results
obtained in Chame Bay, where reforestation is seen as the most viable method to restore
degraded mangroves. Coastal users and communities perceive mangroves as vital to their
well-being and livelihoods and recognize the ability of mangroves to provide a range of
benefits, such as coastal and erosion protection, provision of habitats for marine species, and
contribution to food security through fisheries [53]. However, it is also crucial to promote
greater knowledge about alternative restoration methods, such as hydrological restoration
and water quality management, which may offer more comprehensive and sustainable
solutions in certain contexts [38]. Also, environmentalists understand the critical role of
mangroves in mitigating climate change by acting as carbon sinks and in improving water
quality by filtering sediments and pollutants [11].

The analysis of participation in restoration actions highlights a positive attitude of
both charcoal burners and farmers towards involvement in regeneration processes. This is
important, as it suggests a genuine interest in mangrove conservation and regeneration on
the part of key stakeholders involved in economic activities related to the exploitation of
these ecosystems. This behavior can be interpreted under the Driving Forces-Pressure-State-
Impact-Responses (DPSIR) framework, as shown in Figure 5. The driving forces, such as
the demand for charcoal, have generated significant pressure on mangroves, affecting their
conservation status on mangroves. The community response through restoration reflects an
effort to mitigate impacts and reverse the degradation process. This provision represents an
opportunity to develop participatory regeneration strategies that integrate the knowledge
and needs of local communities, which could enhance the long-term effectiveness and
sustainability of conservation efforts in these environments. Taking Ecuador as a reference,
the country has implemented a Conservation Plan with Communities, which has allowed
the protection of approximately 69,300 ha of mangroves [54]. The National Plan for the
Conservation of Mangroves in Continental Ecuador (2019–2030) is a strategic effort aimed at
protecting and restoring mangroves in Ecuador, promoting their sustainable management
through community participation, scientific research, and multi-sectoral collaboration. A
key measure of the plan is the “Mangrove Partner” program, which facilitates sustainable
use agreements, allowing local communities to manage mangroves sustainably while
obtaining economic benefits. This model is transferable to other regions, such as Chame
Bay, where it could incentivize local conservation and income generation from sustainable
practices, thus strengthening community resilience.
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Figure 5. Driving Forces-Pressure-State-Impact-Responses (DPSIR) model. This model reveals the
causal relationships between human activities and the mangrove, making it possible to identify and
analyze how driving forces (socioeconomic and cultural factors) exert pressure on the ecosystem,
modifying its state and generating impacts that affect environmental health and human well-being.
In turn, this approach facilitates the implementation of appropriate responses, focused on mitigating,
preventing or remedying negative effects, promoting a more sustainable and effective mangrove
management. Source: EcoShape, 2008.

The information provided by charcoal producers and agricultural producers is valu-
able for assessing community perception of mangrove regeneration, identifying challenges
and opportunities in regeneration efforts, customizing communication and awareness
strategies, measuring community engagement, and encouraging community participation.

Rhizophora mangle, L. racemosa, and A. germinans are species with commercial value for
communities that produce charcoal and are extracted from the mangrove causing its degra-
dation [42]. The greater participation of charcoal burners in restoration actions compared
to farmers suggests that there are opportunities to promote mangrove restoration in both
groups. This finding highlights the need to develop specific programs that not only main-
tain the interest of charcoal burners, but also encourage greater involvement of farmers. By
creating strategies tailored to the characteristics and needs of each group, the success of
restoration projects and the long-term sustainability of the ecosystem could be maximized.
The involvement of charcoal producers in restoration actions suggests that there is a grow-
ing awareness and interest among this group in the importance of mangrove restoration.
This could be indicative of a gradual [55] change in practices and values, as charcoal pro-
ducers are directly linked to activities that may have negative impacts on mangroves. This
involvement could be influenced by factors such as public opinion pressure, government
regulations, or even awareness initiatives promoting environmental conservation.

This study highlighted the participation of farmers in mangrove restoration actions.
Participation may be related to land use and proximity to mangrove areas. Participation
in restoration activities is prominent among farmers, suggesting that there is a shared
understanding of the importance of these actions. Of those who participated in restoration
actions, the specific percentages of participation in the different activities (seed collection,
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mangrove planting, and nursery propagation) provide useful information on the prefer-
ences and capabilities of those involved. Participation in mangrove planting stands out as
the most common activity, suggesting an understanding of the importance of strengthening
the mangrove population for ecosystem health. Such is the case in El Palmar (Tabasco,
Mexico) where community members planted R. mangrove propagules in an area of 160 ha
under restoration [47]. On the other hand, seed collection and nursery propagation also
show a significant degree of participation, indicating a commitment to the preservation of
the mangrove life cycle. For example, the Mangroves of Colombia Project in its phase II
has promoted community participation in the restoration of degraded mangrove areas [56],
where a transplant of R. mangle from the Canal de Diques zone to the Barranca Zone
in Colombia was carried out, the recovery has been successful in areas affected by high
salinity [57].

Taken together, these results suggest that, although users may have more positive
attitudes towards mangrove restoration, a continuous, multidisciplinary approach is re-
quired to reverse degradation. Although these activities could be seen as contradictory to
their primary occupations, the willingness to participate and positive perceptions indicate
that the ecological and socioeconomic importance of mangrove conservation has been
successfully conveyed. For example, forest restoration with stakeholders in semi-arid areas
of North Africa was conducted with knowledge sharing, mutual assistance, environmental
education, and social solidarity, resulting, according to respondents, in learning new ideas
in ecological restoration, erosion, and flood control [58]. These results also have implica-
tions for collaboration and inclusive restoration program design, as they seem to suggest
that different sectors may have a common interest in mangrove protection.

In terms of user perception, the fact that there do not appear to be significant differ-
ences in relation to educational level and social interaction patterns is an important finding.
This could indicate that the positive perception towards mangrove restoration is shared by
a wide range of individuals, regardless of their educational level or social network. Within
the process communities become active agents in the protection of their environment [21],
generating a sense of responsibility [59]. The results suggest that awareness and support for
mangrove conservation could be rooted in broader values and general appreciation of the
ecological benefits provided by these ecosystems [60]. Active community participation in
restoration ensures that care and monitoring of the area continues over time, contributing
to the long-term sustainability of mangroves undergoing restoration [61].

The present study emerges as a significant contribution in the context of mangrove
restoration in Central America, as it provides a deeper understanding of the perceptions
and preferences of communities in mangrove areas with diverse social and economic
contexts. The data collected reflect a diversity of opinions and needs in relation to mangrove
restoration, providing a solid basis for the design of engagement and participation strategies
that are truly inclusive and effective.

A key aspect highlighted by this study is the variability in community perceptions
of mangrove conditions, causes of mangrove degradation, and preferences for restoration
methods. The study conducted in southeastern Cuba highlights how local communities
recognize the ecosystem services of mangroves, although they do not directly depend on
them for their livelihoods. Perceptions of these services vary according to respondents’
occupation and locality, which is consistent with the importance of mangroves in coastal
protection and local livelihoods through fishing and agriculture [38]. This variability
correlates with the different social and economic contexts in which these communities find
themselves. Therefore, the study recognizes that there is no one-size-fits-all approach to
mangrove restoration and that it is essential to consider the particularities of each context.

In this sense, the results of the study provide guidance for the adaptation of restoration
strategies to the specific conditions and perspectives of each community. For example, in
areas where deforestation is identified as the main threat to mangroves, strategies may
focus on promoting reforestation practices and raising awareness of the importance of
conserving forest cover. In contrast, in places where agricultural activities are perceived as
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a threat, strategies could include the promotion of sustainable agricultural and livestock
practices. This is consistent with the findings of [62], who noted that agricultural and
aquaculture activities, along with anthropogenic pressures, are significant contributors to
mangrove deforestation globally.

In addition, the study also highlights the need to actively involve the community
in the planning and implementation of restoration actions. The acceptance of assisted
regeneration by most respondents and the preference for mangrove species diversity in
restoration provides valuable guidelines for the implementation of restoration projects with
community support and participation.

Ultimately, the study highlights the importance of tailoring mangrove restoration
strategies to the specific circumstances of each community and involving local stakeholders
in the decision-making process. These findings will serve as a basis for the design of
future restoration strategies that are socially inclusive and economically sustainable, thus
contributing to the long-term preservation of mangroves in Central America.

5. Conclusions

In this study, the level of knowledge and perception that local communities and users
of the mangroves of Chame Bay have about their ecological importance and the ecosystem
services they provide was evaluated. The results show that, although the majority of
respondents recognize the benefits of mangroves, there are differences in the depth of this
knowledge, mainly linked to socio-demographic factors such as age, educational level, and
professional sector.

In addition, the current involvement of farmers and charcoal producers in mangrove
restoration actions has been analyzed. While both groups have shown interest in ecological
restoration, farmers seem to be more willing to be actively involved in future regeneration
processes. However, a portion of the charcoal producers showed a willingness to participate,
which highlights the importance of integrating both groups in restoration efforts.

The relationship between sociodemographic variables and the perception and will-
ingness to participate suggests that restoration strategies should be adapted to the par-
ticularities of each social group. The promotion of environmental education and the
development of training programs may be key to increasing community participation in
mangrove conservation.

This study highlights the need to actively involve local communities in mangrove
management and restoration, recognizing the differences in knowledge and interests of
different groups. The resulting recommendations provide a solid basis for designing more
inclusive and effective restoration strategies that ensure the long-term sustainability of the
Chame Bay mangroves.
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