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Abstract: This study examined local communities” perceptions of mangroves in coastal southeastern
Cuba. A variety of methods were employed, including mixed and structured questionnaire surveys,
interviews with key informants, and document reviews. Data were gathered from 334 respondents
living in communities adjacent to four mangrove social-ecological systems (SESs). The analysis
focused on five variables: community use of mangrove resources, ecosystem services, threats to the
ecosystem, management activities, and social-ecological relationships. To qualitatively assess the
influence of social-ecological relationships and governance, a matrix was created based on
anthropogenic activities identified by respondents and their perceptions of ecosystem services. The
results indicated that while local people recognize the uses and ecosystem services of mangroves,
they do not rely on them for their livelihoods. They also showed moderate to full awareness of
management responsibilities and activities at each site. The most commonly identified threats were
climate change, drought, and deforestation. Three types of social-ecological relationships were
identified based on the characteristics of the communities, their economic activities, and their
impacts on the mangroves: urban-industrial, rural-agricultural, and rural-agricultural/tourism.
Finally, the research proposed a set of five recommendations and eight associated indicators to
ensure that mangrove management framework become more inclusive and participatory, thereby
contributing to the articulation of mangrove SES governance in the southeastern region of Cuba.

Keywords: ecosystem service; management; climate change; mitigation; adaptation; nature-based
solutions; citizen participation
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1. Introduction

Addressing climate change mitigation necessitates a comprehensive understanding of natural
processes and the impacts of human development on these processes. Within this context, the
framework of social-ecological systems (SES) becomes pertinent. SES represent complex adaptive
systems where human societies are intricately integrated with nature [1,2].

In the SES framework, the social component encompasses all human activities, while the
ecological component pertains to the biosphere and its associated natural processes. [3]. The two parts
are interrelated and the boundaries between them depend on the perspective of the analysis. The
interplay between these components is dynamic, with their boundaries contingent upon the
analytical perspective adopted. Ecosystem services, defined as the benefits that society derives from
ecosystems, illustrate this interaction [3]. Analyzing the relationships within a defined social-
ecological system facilitates the pursuit of integrated solutions to issues arising from human activities
in specific ecosystems. This integrated approach is essential for developing strategies that not only
mitigate the negative impacts of human development on natural processes but also enhance the
resilience and sustainability of both human and ecological systems.

Mangroves are SES characterised by intricate social and ecological relationships, [2,4-7],
including the provision of ecosystem services [3]. These services encompass supporting,
provisioning, regulating, and cultural or spiritual services [8,9]. For instance, coastal ecosystems
contribute to climate regulation through carbon sequestration. Mangroves, along with saltmarshes
and seagrasses, are categorised as blue carbon ecosystems due to their significant capacity for
atmospheric carbon sequestration. [10-12].

Mangroves can absorb and sequester substantial amounts of carbon through both aboveground
and belowground biomass [13]. Additionally, the environmental conditions within these ecosystems
favour the long-term accumulation of soil organic matter [14]. Mangroves provide critical regulating
services to coastal communities by mitigating the impacts of waves, wind, and floods [15,16]. The
ecosystem service of climate regulation not only addresses the causes of climate change but also
mitigates the impacts of climate events. Moreover, mangroves offer supporting, provisioning, and
cultural services, [9,17,18] characterised by high productivity, biodiversity, and ecological
connectivity. Moreover, they contribute to the livelihoods of coastal communities by serving as a food
resource and supporting the local economy [19-22].

Despite their importance, mangroves are threatened by human activities, primarily those that
transform the spaces in which these ecosystems develop [17,23,24]. Anthropogenic activities that
degrade mangrove forests include the overexploitation of resources, land-use changes, agricultural
development, damming of freshwater sources, and pollution. The reduction or loss of mangroves
consequently leads to the reduction or loss of the ecosystem services they provide, thereby
diminishing benefits to local communities [16,25,26]. Recent research priorities in mangrove studies
have been identified in the areas of ecosystem functionality, extreme events and interacting stressors,
and social-ecological systems [28].

In response, the international scientific community is striving to integrate the value of ecosystem
services into human development decision-making processes [8,28]. Initiatives such as the Global
Mangrove Alliance and the International Blue Carbon Initiative recognise mangroves as high-priority
ecosystems for climate change mitigation through climate regulation [17,20].

How coastal communities perceive mangrove ecosystem services influences the success of
conservation efforts [27,29,30]. Therefore, the priorities and preferences of these communities should
be integral to the decision-making process [28,31,32]. It is essential to work with both the mangrove
ecosystem and the surrounding social system to analyse how society benefits from nature [33,34].
Identifying the motives to protect ecosystem services helps to determine which services are relevant
to stakeholders and informs the options to be considered for management decisions [18].

In Cuba, mangroves are recognised as vulnerable and significant coastal wetlands [24]. They
encompass 5.1% of the national territory and constitute 27% of the total forested area. Approximately
35% of mangroves are legally safeguarded under the National System of Protected Areas (SNAP),
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managed through various conservation measures. [35]. Globally, Cuba ranks 10th in terms of
mangrove area [36].

There is substantial evidence indicating that coastal communities significantly influence the
ecological health of mangroves, as well as the quality of ecosystem services [37,38] and their
governance structures [39—41]. However, inadequate participation hinders the establishment of
governance standards within the existing policy framework, thereby impacting mangrove
management [41].

Within Cuba’s National System of Protected Areas (SNAP), environmental education initiatives
such as training sessions, workshops, and festivals are conducted exclusively in communities
surrounding protected mangrove areas. These activities aim to foster community involvement in
mangrove conservation [42].

Despite limited research on the analysis of perceptions within coastal communities and
governance for improved mangrove management in Cuba, existing evidence underscores the local
recognition of the importance of coastal ecosystems, particularly mangroves, for sustaining
livelihood activities such as fishing, tourism, and agriculture [24,43]. While mangroves are primarily
valued for their role in shielding coastal communities and infrastructure from climate change impacts
like coastal flooding and strong winds [24], efforts to quantify the ecosystem services they provide in
terms of provisioning, regulating, and supporting functions are gaining momentum [44].

To date, comprehensive studies exploring the intricate social, ecological, and governance
dynamics within mangrove habitats are lacking. Therefore, this study aims to elucidate SES and
governance interactions within southeastern Cuba’s mangroves, focusing on community perceptions
of this invaluable ecosystem, essential for its integrated and sustainable management.

2. Materials and Methods
2.1. Study Design
2.1.1. Design of the Social-Ecological Study

In this study, we employed a qualitative research approach [45] with exploratory data summary,
utilising a structured questionnaire technique [27,32,46-49]. The objective was to gather the
perceptions of coastal communities regarding the following variables: 1) ecosystem services provided
by mangroves, 2) utilisation of mangrove resources, 3) current management practices in place, 4)
potential threats posing risks to these ecosystems, and 5) social-ecological relationships existing
within the localities. Indeed, for Cuba, and particularly for this region, data are scarce and there is a
need to obtain descriptive data to understand the mangrove social-ecological systems. In a later
phase, hypotheses can be put forward as to the causes of similarities and differences within Cuba,
between localities and in comparison, to insights elsewhere.

The questionnaire (Supplementary material, Appendix S1) was structured into three parts, as
follows:

Part 1: Related to Community Use of Mangrove Resources

The following uses were considered: 1) the use of marine species (fish, molluscs, crustaceans)
for eating or selling, 2) the use of mangroves bark or wood as as pigment resource A three-point
Likert scale was used to determine the frequency of use for the following population groups: 1 (never
used), 2 (sometimes) and 3 (always).

Part 2: Perception of Ecosystem Services

The perception of ecosystem services was assessed by evaluating the importance of various
services to both individual and community life. These included: i) Supporting Services, such as
providing shelter for the juvenile stages of many species, supporting the feeding and production of
a diverse range of marine and terrestrial organisms, and offering habitat for numerous marine and
terrestrial fauna. ii) Provisioning Services, acting as a source of food for consumption and sale and
providing natural medicines for various diseases. iii) Regulatory Services, such as protecting coastal
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areas from storms, cyclones, and waves; maintaining seawater quality by trapping sediments; and
mitigating climate change effects through carbon sequestration. iv) Cultural Services, serving as
recreational and educational sites and representing symbols of local culture and heritage.

Participants rated the importance of these services using the following scale: 1 (not important),
2 (important), and 3 (very important), following the classification proposed by MEA (Millennial
Ecosystem Assessment) [8].

Part 3: Perceptions of Mangrove Ecosystem Threats and Management Framework

Awareness of mangrove management activities was assessed using a scale ranging from 1 to 3:
1 (unaware), 2 (somewhat aware), and 3 (fully aware). This evaluation focused on several aspects: i)
The existence of a specific management plan or program for mangroves. ii) Participation in seminars
or training sessions related to mangrove management. iii) Awareness of the presence of legal
instruments governing mangrove conservation and iv) Knowledge about the existence of
government officials responsible for monitoring and evaluating mangrove resources.

The perception of mangrove managers was gauged by identifying the institutions or agencies
responsible for mangrove management within their locality. Additionally, perceived threats to
mangroves were elicited through an open-ended question, allowing respondents to freely list events
or factors they believed were impacting the ecosystem in their area. This structured approach aimed
to capture a comprehensive understanding of community awareness, management perceptions, and
perceived threats to mangroves in the study area.

2.1.2. Design of the Governance Study

To identify the type of governance present, interviews were conducted involving specialists
from each of the three protected areas: MCOA, SAM, and HAT. These specialists play active roles in
the development and management planning of their respective areas. An unstructured instrument
with open-ended questions was used in the interview sessions. Key topics explored included: i) The
degree of consultation of communities during the preparation of management plans; ii) The extent of
community involvement in identifying issues, conflicts, and solutions. iii) The role of communities
solely as recipients of management plan actions or as actively involved. iv) Features of management,
distinguishing top-down, bottom-up, or co-management systems, with diverse perspectives
analyzed regarding the specific governance system applied in each study area. The focus group
surveys were aimed to gather insights into the governance structures and processes within each
protected area, highlighting perspectives from various stakeholders involved in mangrove
management.

In addition, through the interviews we examined six variables crucial for understanding
mangrove management and decision-making in the study region: i) Transparency: Assessing the
accessibility and clarity of information related to decision-making processes; ii) Knowledge of the Legal
Framework: Understanding of the legal provisions concerning mangrove protection and their
implementation; iii) Accountability: Inquiry into stakeholders” awareness of their responsibility to
demonstrate actions related to mangrove management and their ability to assess the consequences of
these actions; iv) Citizen Participation: Evaluating the extent to which citizens can engage in mangrove
decision-making processes and influence public policies; v) Equity: Analysis of the distribution of
resources and opportunities related to mangrove management; vi) Inclusion: Examination of the
participation of all social groups in mangrove decision-making processes.

To gauge the stakeholders’ level of influence and interest, we utilized an influence-interest
matrix, specifically the Mendelow Stakeholder Matrix [50]. This matrix helps categorize stakeholders
based on their level of influence over mangrove management decisions and their level of interest in
the outcomes. The interviews and the matrix analysis are intended to provide insights into the
dynamics of mangrove governance, stakeholder engagement, and decision-making processes within
the study area.
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2.1.3. Integrated Matrix Analysis

Finally, to qualitatively assess the impacts of social-ecological and governance interactions, we
constructed a matrix incorporating anthropic activities reported by respondents, mangrove
ecosystem services, technical reports, public information, and reports from protected area
management plans. Each component was evaluated to determine its influence on the overall state of
SES. This qualitative weighting or evaluation process involves assessing how the development of
specific activities, uses, or ecosystem services affect the SES comprehensively.

T High impact: an extensive social-ecological interaction that causes major changes in the
SES, thereby affecting its balanced functioning. These are typically very pervasive
activities or uses defining the prevalent state of the SES.

) Medium impact: a strong social-ecological relationship however without causing
irreversible changes.

i Low impact: 3a weak social-ecological relationship that does not cause irreversible
changes. These are typically isolated activities, uses or services that do not affect the
functioning of the mangrove in the SES.

2.2. Sampling.

The study baseline was established through the review of the 2021-2025 management plans of
the following protected areas: Monte Cabaniguan/Ojo de Agua Wildlife Refuge (MCOA), San Miguel
de Parada Wildlife Refuge (SAM), and the Hatibonico Ecological Reserve (HAT). Guama is
considered a multiple-use area, not subject to any management regime [51]. In addition, a total of 6
protected area specialists were interviewed to contrast the information obtained from the above
paper review.

The sample size was determined based on the population size of coastal communities adjacent
to the mangrove sites. A confidence level of 95% was chosen with a margin of error of 10% (see Table
1 for details), corresponding to the final number of questionnaires administered per mangrove site.
Individuals within these communities were approached selectly only ensuring that participants were
over 18 years old. Prior to participation, all individuals were provided with information about the
study’s objectives and requested to provide consent for their involvement.

Table 1. Mangrove SES localities: status, extent, mangrove type, resp. communities, population size
and general appraisal of pollution status.

Management . Mangrove Population
. ire as .. . Extension .
Mangrove site classification Administration (ha) typology Community (number of
(SNAP) [52] respondents)
Enterprise for Flora Sabalo 596
MCOA Faunal Refuge and Faunal 3929.18 Deltaic Palo Seco (83)
Protection Las Tunas Cuarenta pesos
Santa Rosa de
Bay Sevilla .
GUAM  Multiple use area No manfagement 162 Open coast Crucerde Sevilla 1525
regime estuary Bahia Larga (92)
El Mazo
Tabacal
Enterprise for Flora Punta de Sal
and Faunal Bay 267
SAM Faunal Refuge Protection, Santiago % Caiman Chico (72)
de Cuba
HAT Ecological Ministry of Science 64 Open coast Hatibonico 1003

Reserve Technology and 13 de Agosto (87)
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Environment
(CITMA)
Number of questionnaires 334

2.2.1. Social-Demographic Profile of Respondents

Respondents across all sites ranged in age from 18 to 80 years, with a median age of 43 years.
The gender balance was nearly equal, with 53.8% male and 46.2% female respondents overall (Table
2).

Regarding occupational backgrounds as reported, the largest share of participants were
employed in the state sector: 20.5% in MCOA, 41.3% in GUM, 51.4% in SAM, and 60.9% in HAT.
These roles included forest rangers, specialists from the Flora and Fauna Company, teachers, and
tourism sector workers. Approximately 14.1% of respondents were engaged in the private sector, and
an equal percentage (14.1%) were farmers conducting agricultural activities in coastal areas. About
20% identified as housewives, and I 8.4% were retirees (Table 2).

Table 2. Distribution of the demographic profile of respondents (in percentage, n=334).

Percentage
Indicators MCOA GUAM SAM HAT
Age groups
18-30 17.7 20.7 30.6 14.9
£31-40 28.9 19.6 16.7 25.3
41-50 24.1 18.5 16.7 25.3
51-60 16.9 23.9 16.7 20.7
61-70 7.2 10.9 15.3 6.9
71-80 7.2 6.5 4.2 6.9
Gender
Male 50.6 53.3 57.2 56.3
Female 494 46.7 45.8 43.7
Occupation
State sector 20.5 41.3 51.4 60.9
Private sector 13.3 14.2 15.3 14.9
Farmers 35.0 15.2 4.2 1.2
Retired 7.2 9.8 8.3 8.1
Housewife 24.0 19.5 20.8 14.9

2.3. Statistical Analysis

The creation of the database and analysis of the frequency tables were conducted using SPSS
(version 27). This facilitated the identification of patterns and highlighted the notable characteristics
of the variables assessed in the communities for each mangrove site.

2.4. Study Area

In marine and coastal biogeography, Cuba is part of the Northwest Atlantic Province [53] and
experiences significant influence from seasonal tropical cyclones, which bring heavy rainfall that
reduces salinity and increases nutrient loads in watersheds draining into mangrove ecosystems
[54,55]. Cuban mangroves typically form narrow strips [54], due to the relatively small tidal range of
about 25 to 80 cm [55]. The extent and structure of mangroves in Cuba vary based on geomorphology,
characteristics of rivers and tributaries, and local climatic conditions [55]. Mangrove development is
more extensive in the southern central part of the island, while the northern slope generally shows
mangroves of a lower canopy height. Mangrove coverage is notably limited in eastern Cuba. Our
study focused on the Southeastern Region of Cuba, defined as a natural and political entity extending
along the eastern most part of the island, south of an imaginary line from the center of Guacanayabo
Bay to the northern edge of Banes Bay [56]. This region is bordered to the north by the Central Region,
to the northeast by the Atlantic Ocean, to the east by the Paso de los Vientos, to the south by the
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Caribbean Sea, and to the west by the Gulf of Guacanayabo [56]. The climate in this region is classified
as tropical savannah (type AW according to the Koppen classification [53,57], with temperatures
ranging from 25.6 C° in Las Tunas to 26.8 C° in Guantanamo. Annual rainfall varies from 792 mm in
Santiago de Cuba to 1130 mm in Las Tunas. Coastal geomorphological and hydrodynamic
characteristics create diverse environments, some of which are conducive to mangrove development.

The social-ecological questionnaire was designed and administered from March to October 2023
across the four selected study sites in southeastern Cuba: Monte Cabaniguan/Ojo de Agua (MCOA)
in Las Tunas province, Guama (GUAM) and San Miguel de Parada (SAM) in Santiago de Cuba
province, and Hatibonico (HAT) in Guantdnamo province (Figure 1). These sites were chosen based
on criteria including proximity of communities to mangroves, community accessibility, and existing
management practices at each location.
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Figure 1. Map of eastern Cuba (inset: Cuba island) with mangrove localities under survey (Maps A,
B, C and D). Sections with green shades show the mangrove areas while the red circles indicate the
coastal villages that were surveyed.

Features of the mangrove SESs studied are:

1). Ojo de Agua-Monte Cabaniguan (MCOA) (See Table 1)

This mangrove site is a fragment of the Delta del Cauto vegetation [58], under the administration
of the Ojo de Agua-Monte Cabaniguan Fauna Refuge of the National System of Protected Areas of
Cuba. It is located between the municipalities of Jobabo and Colombia in the extreme southwest of
the province of Las Tunas next to the Gulf of Guacanayabo (Figure 1A). This sector was selected to
represent the Cauto Delta Wetland ecosystem, which contains the largest extent of mangroves in the
study area and the second largest in Cuba and the Caribbean Archipelago [58]. Located in a coastal
deltaic-alluvial plain, these mangroves, together with the marshes, form an extensive vegetation
formation formed by tidal activity and contributions from the Cauto River delta. (Figure 2) [55]. The
area covers 3929.18 ha and represents 57% of the Delta del Cauto Faunal Refuge [59].
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Figure 2. R. mangle and A.germinans mixed in Ojo de Agua-Monte Cabaniguan Fauna Refuge (Nico
Koedam, 2020).

This area is predominantly rural. Economic activities include extensive livestock farming,
commercial fishing, and charcoal production made of Dichrostachys cinerea Wight et Arn. Fishing is
considered the most impactful activity, including the capture and illegal trade of key mangrove-
associated species: Crocodylus acutus Cuvier, the American crocodile and Cyclura nubila Gray the Cuban
iguana.

as, and hutias (Capromys pilorides Say) [59,60]. Livestock production also has an impact, through
uncontrolled animal entry into the reserve. It contributes to the spread of exotic species like marabou
Dichrostachys cinerea and soil compaction. Despite the measures taken to manage the reserve, these
problems continue [59,60]. Finally, the supply of water and sediment to the mangroves has been
significantly reduced by the construction of upstream reservoirs.

2). Guama Sector (GUAM) (See Table 1)

This sector is located in Guama municipality to the south of the Sierra Maestra in the province
of Santiago de Cuba (Figure 1C) [61-63]. Mangroves in Guama municipality are not under any type
of official management system [20]. They are located along the coastline and are subject to marine
influence. However, they often receive local contributions from terrestrial runoff. The mangroves in
the sector from Mazo Bay to Seville were selected because of the concentration of patches, the number
and proximity of coastal settlements and the variety of activities that occur. The total mangrove area
here is 162 ha. There are five coastal communities in the vicinity. Water inputs come from land runoff,
the Los Lirios stream, and the Sevilla River. All four mangrove species reported in Cuba are present
there [20], with the highest abundance of Avicennia germinans (L.) Stearn. and Rhizophora mangle L.
(Figure 3). The estimated mangrove area of 162 ha and they generally occur as patches [20].
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Figure 3. Rhizophora mangle stand in Guama Sector (by Yanet Cruz Portorreal, 2023).

The main activities are agriculture, livestock farming, and forestry. Agricultural impacts include
changing land use, such as clearing mangroves to grow crops, which is mainly done by farmers.
Livestock farming is considered one of the most impactful activities, mainly due to soil compaction
and erosion. It requires the cutting of mangroves or other coastal vegetation to plant grasses and
fodder. The forestry activities of the “Guama” Forestal Integral Company currently include the
production, collection, and marketing of a range of agricultural products. The company also
promotes and manages forests and fruit trees. Mangrove bark production and marketing in local
currency and wholesale are also included. Another activity in this area is aquaculture in the Bay of
Mazo, where PESCASAN has its El Mazo oyster farm, which covers 30% of the bay. It is dedicated
exclusively to the cultivation of oysters (Crassostrea sp.) for the local market.

3). San Miguel de Parada Wildlife Refuge (SAM) (See Table 1)

The San Miguel de Parada Wildlife Reserve is situated in the Bay of Santiago de Cuba,
surrounded by the bay’s industry zone (Figure 1D) [64,65]. Due to environmental changes caused by
industries, settlements and the city of Santiago de Cuba (approx. 500,000 inhabitants) itself at 2 km
across the bay, this area is currently considered disturbed. There is no industrial activity within the
protected area itself, but there are several industrial and social service infrastructures in the vicinity
that have an impact on the functioning of the ecosystem. However, the dumping and leaking of
polluting products in the area, such as oil and its derivatives, is one of the main problems associated
with the presence of these facilities. This wetland area covers an area of 55 hectares of mangroves [58]
(Figure 4)
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Figure 4. Stands with a low canopy of Avicennia germinans in San Miguel de Parada Wildlife Reserve
(by Yanet Cruz Portorreal, 2023).

4). Hatibonico Ecological Reserve (HAT) (See Table 1)

The Hatibonico Ecological Reserve lies southwest of Guantanamo Province, between Niceto
Pérez and Caimanera (Figure 1B) [66,67]. According to the management plan [66], the main function
of the local mangrove is ‘coastal protection’, although it is considered important as a forest reserve.
Subsistence fishing is allowed, supervised by the Forest Ranger Corps and the Alejandro de
Humboldt Environmental Services Unit. Crab fishing is a traditional activity that is still allowed in
the area. There, 64 ha of mangrove forest borders the mouth of the Hatibonico River (Figure 5).

Figure 5. Low canopy stands of Rhizophora mangle in Hatibonico Ecological Reserve (by Hayler Maria
Pérez Trejo, 2012).
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3. Results
3.1. Community Perceptions of the Use of Mangrove Ecosystem Resources

Most respondents (over 50%) considered mangrove products very important as a food source,
with 65.2% of GUAM respondents always eating mangrove fish, shellfish (48.9%) and crustaceans
(47.8%). Respondents in the MCOA (49.4%) said that they sometimes eat fish, but never shellfish
(69.9%) nor crustaceans (63.9%). In SAMSAM, 45.8% of those interviewed said they never eat fish,
shellfish (45.8%) nor crustaceans (51.4%). In HAT, 43.7% always ate crustaceans, 40.3% sometimes
fish and 45.8% never crustaceans (supplementary material, Figure S1).

Mangrove wood was never reported as a source of energy or for construction by most
respondents (between 72.2% and 92.2%) (Figure 7). Between 7.6% and 19.4% report to use mangroves
for construction, mainly fencing. Between 7.6% and 25% sometimes used mangrove wood for
cooking.

Most respondents (over 50%) reported not using mangrove resources for colouring or decoration
communities in SAM (62.5%) and HAT (50.6%) rarely use mangroves for recreative bathing, while
communities in GUAM (62%) and MCOA (56.6%) sometimes do. Respondents from MCOA (50.6%)
and SAM (61.1%) reported that they do not use mangroves for traditional medicine, but in GUAM
and HAT, 59.8% and 41.4% respectively reported using mangrove parts as a medicinal resource.

Most of the respondents (over 50%) reported that they never do bird watching activities nor use
mangroves for research and education. A similar response was recorded when asked about religious
or cultural use of mangroves. Few respondents use the mangrove for religious purposes, particularly
in GUAM (1.1% always, 1.1% sometimes).

3.2. Community Perception of Mangrove Ecosystem Services

Respondents recognised the presence of red mangrove (Rhizophora mangle, locally called mangle
rojo) and black mangrove (Avicennia germinans, locally called mangle prieto) in their area, followed
by white mangrove (Laguncularia racemosa (L.) C.F. Gaertn, locally called pataban). The least
identified (Figure 6) is the button mangrove (Conocarpus erectus L., locally called yana). In HAT,
between 2.4% and 7.8% of respondents did not know any of the mangrove species.

HAT
MCOA GUAM SMP Popular name

s 10.3 8.6 = Mangle rojo

9
o - 411 7-8" 34.9 )
2.4 = mangle prieto
39.3 364 0 &N
171 225 : 10.8 = pataban
\ = yana

V v \/ # don thaow
31.8 34.9

30.8 26.3 = mangle

Figure 6. Percentage of responses related to the mangrove species identification per site.

The local people were asked about the importance of the ecosystem services provided by
mangroves (Table 3) and the frequency of the use of resources (supplementary material, Figure S1).
Overall, the perception of ecosystem services was very high in all mangrove communities. Between
43.7% and 100% of respondents agreed that mangroves provide important support for fauna and
fauna juveniles (nursery function). In addition, MCOA (88.0%) and GUAM (82.6%) communities
identified sources of food and traditional medicines as very important provisioning services. Less
frequently, the use of mangrove resources as a food source was reported by communities in SAM
(27.8%) and HAT (35.6%).

There were three different levels of importance for mangrove regulating services defined.
Coastal protection is considered very important, with between 65.2% and 95.7% of respondents
indicating that mangroves help to protect against high waves and strong winds associated with
extreme hydrometeorological events. In GUAM, 97.7% of respondents said that this service was very
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important. In HAT, there is less recognition of this service (i.e., 28.7% said it was important and 34.5%
said it was very important). In terms of water purification, mangroves were perceived to be important
and very important (PERCENTAGES see Table 3). The role of mangroves in climate change
mitigation through carbon sequestration was considered largely unimportant, i.e., 45.8% in MCOA,
40.2% in Guama, 41% in SAM and 43.7% in HAT. The role of water quality maintenance is very
important in all communities, i.e., 84.3% in MCOA, 70.7% in GUAM, 59.7% in SAM and 39.1% in
HAT.

Table 3. Percentage distribution of respondents at each level of importance of mangrove ecosystem

services.

Importance level (%)

Ecosystem services by mangrove localities Not important Important Very important
1. Nursery 3.6 7.2 89.2
2. Wildlife habitat 100
Monte 3. Food source 1.2 10.8 88.0
Cabaniguan/Ojo de 4. Coastal protection 7.2 18.1 74.7
agua 5. Water purification 7.2 7.2 84.3
(MCOA) 6. Carbon sequestration 45.8 18.1 36.1
7. Recreation/education 10.8 28.3 65.2
8. Natural medicine 7.2 7.2 85.5
1. Nursery - 1.1 98.9
2. Wildlife habitat - - 100
3. Food source 9.8 7.6 82.6
Guama 4. Coastal protection 2.2 22 95.7
(GUAM) 5. Water purification 6.5 22.8 70.7
6. Carbon sequestration 40.2 23.9 35.9
7. Recreation/education 6.5 28.3 65.2
8. Natural medicine 2.2 12.0 85.9
1. Nursery 6.9 23.6 69.4
2. Fauna habitat 5.6 22.2 72.2
. 3. Food source 27.8 47.2 25.0
Sanll:;[ ;f:ll:l de 4. Coastal protection 6.9 27.8 65.3
(SAM) 5. Water purification 12.5 27.8 59.7
6. Carbon sequestration 41.7 31.9 26.4
7. Recreation/education 8.3 50.0 41.7
8. Natural medicine 6.9 55.6 37.5
1. Nursery 26.4 20.7 52.9
2. Fauna habitat 17.2 32.2 50.6
3. Food source 35.6 20.7 43.7
Hatibonico 4. Coastal protection 34.5 28.7 36.8
(HAT) 5. Water purification 32.2 28.7 39.1
6. Carbon sequestration 43.7 27.6 28.7
7. Recreation/education 34.5 28.7 36.8
8. Natural medicine 33.3 19.5 47.1

Most respondents from MCO, GUAM and SAM rated the role of mangroves for recreation and
education as very important (Table 3) (65.2%, 65.2% and 41.7% respectively). However, this service
does not seem to be important for the members of the HAT community. In GUAM, local people
consider the landscape value of mangroves as local heritage (64.1%).
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3.3. Community Perceptions of Mangrove Management Framework

We asked the local people per site if they were aware of the existence of any management activity
(Figure 7A). Respondents were fully aware of the existence of the protected area and management
activities in MCOA (61.4%) and SAM (44.4%). In GUAM, between 23.9% and 29.3% were aware and
fully aware that there was no management plan. However, they referred to the activities of the
rangers and the government to protect the mangrove forest (Figure 7D). In HAT, 50.6% of villagers
are moderately aware of the existence of management activities.

Awareness of the existence of a programme or Awareness of seminars/training provided
management plan 80
20 g e § 70 63.9

2 § 60

b

2 60 50.6 g 50 403

g 44.4 5 40 32.633.3
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5 s 241 184 DT Fid 172 - 16.1
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Figure 7. A- Awareness of mangrove management in the study sites. Perception of management plan
existence, B- awareness of management training activities, C- awareness of the existence of legal tools
regarding mangrove management, and D- awareness of the existence of government employees for
mangrove protection.

In the study sites, a significant percentage of respondents in MCOA (63.9%) and SAM (40.3%)
indicated being very aware of ongoing management training activities such as seminars, workshops,
and training sessions (Figure 7B). In GUAM, where mangroves are not designated as a protected area,
perceptions of management activities were linked to the implementation of the COSTASURESTE
project, which was concluded in 2012 and no longer operational. Conversely, in HAT, local awareness
of mangrove management activities was reported as moderate.

Across all sites, the communities displayed moderate to high levels of awareness regarding the
existence of laws regulating mangrove use, penalties for non-compliance, and the governmental
authorities responsible for enforcement (Figure 7C,D).

3.4. Community Perception of Potential Threats to Mangroves

During the survey, villagers identified and ranked 15 natural and anthropogenic threats
affecting their localities (Table 4). Climate change and drought emerged as natural threats raising
most concern across all areas. Tropical cyclones were highlighted by villagers in GUAM (16.1%) and
SAM (9.0%) as significant threats. Salinisation was also noted as a relevant concern in MCOA (4.2%),
GUAM (12.5%), and SAM (4.2%).

Table 4. Threats to the mangrove perceived in the sites studied.

Answers (%)
Mangtrove threats/localities MCOA GUAM SAM HAT
Climate change 24.6 18.5 19.6 31.9
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Tropical cyclones - 16.1 9.0 -

Fires 14.4 - - 24.5

Drought 16.3 5.5 20.1 39.3
Rising sea level - 1.4 0.5 -
Salinization 4.2 12.5 4.2 -
Logging 24.2 24.7 12.7 -
Pollution/waste dumping 6.4 29 11.6 -
River damming 3.0 - 4.2 -
Road construction 4.8 4.8 = =
Agriculture - 51 - -

Exotic species 5.3 4.1 - 4.3

Industries - - 18.0 -
Bark and roots removal - 6.8 = 5
Grazing - 4.5 - -

Locally, forest fires were identified as a threat by respondents in MCOA (14.4%) and HAT
(24.5%). Among anthropogenic threats, logging was prominently mentioned in MCOA (24.2%),
GUAM (24.7%), and SAM (12.7%). Industries were specifically noted in SAM (18.0%) as contributing
to environmental risks.

Road construction was reported as impacting mangroves in MCOA (4.8%) and GUAM (4.8%).
Damming of rivers was cited in MCOA (3.0%) and SAM (4.2%). Agricultural expansion in GUAM
(5.1%) was noted for replacing mangrove areas with crops, while 4.5% reported conversion to
pasture.

Local communities also expressed concern over the extraction of mangrove bark and roots for
various purposes, posing threats to mangroves. The presence and spread of exotic species were
identified as hazards in MCOA (5.3%), GUAM (4.1%), and HAT (4.3%), but were not mentioned in
SAM.

We queried local residents regarding their perceptions of changes and the current state of
mangroves near their communities (Figure 8). We surveyed local communities to assess their
awareness and perception of the impact of mangrove degradation on their communities (Figure 8A).
In MCOA, 54.2% of respondents acknowledged the severe impact of mangrove degradation, while
in GUAM, this figure was notably higher at 77.1%. Conversely, in SAM, 34.7% of respondents
perceived mangrove degradation as having minimal or moderate negative consequences. In HAT, a
majority of respondents (67.8%) believed that mangrove degradation would either be harmless or
would only have a moderate negative impact on their communities.
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Figure 8. Perception of the studied communities regarding degradation, condition, changes in the
mangroves and importance for their livelihood. A- Perception of mangrove degradation impact on
the community, B- Perception of mangroves changes as a landscape, C- Perception of mangrove
condition, D- Perception of the importance of the mangrove for the livelihood of the local people.

In MCOA, 68.7% of respondents perceived no significant changes in the mangrove landscape,
while 51.8% felt that mangroves were in good condition (Figure 8B). Additionally, 65.1% of
respondents emphasised the importance of mangroves to their livelihoods (Figure 8D). In GUAM, a
notable 84.8% of respondents perceived changes in local mangroves, with 66.3% believing these
ecosystems were in good condition (Figure 8B). About 53.3% of respondents indicated that
mangroves were moderately important for their livelihoods, primarily as a food source (Figure 8D).
In SAM, 55.6% of respondents observed an increase in mangrove area within the wetland, and an
equal percentage considered mangroves to be in good condition. Surprisingly, 62.5% of respondents
stated that mangroves were not significant for their livelihoods (Figure 8D). In HAT, 58.6% of
respondents reported no noticeable changes in mangroves (Figure 8B), and 40.2% assessed the
mangroves as being in good condition (Figure 8C). Moreover, a majority (64.4%) of respondents
expressed that mangroves were not crucial for their livelihoods (Figure 8D).

3.5. Results of the Governance Analysis

Based on insights gathered from interviews and management plans, distinct approaches to
mangrove management and community involvement were observed across different sites.

In MCOA, mangrove management plans are formulated exclusively by area specialists without
direct community participation or voting rights. The community’s role is limited to providing
information during stakeholder workshops, where only one community representative is invited.

In SAM, workshops serve as platforms to reconcile diverse interests, gathering inputs from
various experts within the protected area. However, community participation is here also restricted
to providing information rather than influencing decision-making directly.

HAT employs a more inclusive approach where workshops precede plan development or
updates. These sessions involve community participation in defining tasks and reporting on previous
plans. Decision-makers and community representatives are integral to these workshops, held locally
with support from government entities such as the Ministry of the Revolutionary Armed Forces
(MINFAR) and civil defense. Economic challenges sometimes hinder plan implementation, especially
for continuity plans, which often rely solely on data updates.

In GUAM, mangrove management falls under the responsibility of the Integral Forestal Guama
Enterprise and the State Forestry Service of the Ministry of Agriculture (MINAGRI), with
involvement from the municipal government and the Ministry of Science Technology and
Environment (CITMA) in decision-making. However, there is a recognised need to expand
involvement to include other local institutions and community members.

The analysis of stakeholder relationships identified key entities such as the Cuban State, CITMA,
MINAGRI, provincial governments, and municipal councils as having significant influence and
interest in mangrove management (Supplementary material, Figure S2). In contrast, entities like the
National Hydraulic Institute (INRH) and the Ministry of Food Industry (MINAL) exhibit lower
current influence and interest, necessitating minimal involvement in the management framework.
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Communities and the Ministry of Tourism (MINTUR) are identified as stakeholders with high
levels of interest but low influence in shaping outcomes within the mangrove social-ecological
system. This suggests that they are significantly affected by the results of actions impacting
mangroves, yet their ability to influence these outcomes through management decisions is limited.
Conversely, stakeholders such as MINFAR and the Ministry of the Interior (MININT) possess high
influence but exhibit low interest in mangrove-related activities.

3.5. Description of the Observed Social-Ecological Relationships

Our analysis emphasizes how human activities (social, economic, and cultural) affect the
mangrove ecosystem in each locality analyzed. The matrix (Figure 11) synthesises the social-
ecological relationships observed, revealing three distinct interaction types: urban/industrial,
rural/agricultural, and rural/agricultural/tourist.

In MCOA, significant interaction occurs with the agricultural sector and expanding livestock
farming. These activities have minimal impact on mangroves, likely due to the expansive nature of
the local ecosystem. The mangroves primarily provide supporting services, crucial for justifying
conservation efforts, with provisioning services playing a secondary role, according to respondents.

GUAM exhibits a high level of interaction between tourism and agriculture activities.
Agricultural expansion poses the greatest threat to mangrove areas through land use changes.
Tourism, while not directly impacting mangroves, focuses on exploiting the scenic and cultural
values of the local forest, fostering strong social relations based on goods supply and cultural services.

SAM is characterised by intense urban-industrial interaction, situated within the industrial zone
of Santiago de Cuba’s bay. Here, mangroves face significant challenges from pollution and land use
changes driven by industrial growth, compromising ecosystem services. Supporting services,
particularly the mangrove’s role in sheltering migratory birds, dominate despite these pressures.

HAT experiences minimal interaction, primarily centred on agricultural activities and non-
productive forestry endeavors. Social interactions thrive without adverse effects on mangroves. This
area exhibits low ecological impact, with supporting services being most pronounced and
provisioning services playing a moderate role.

Anthropic activities Ecosystem services

Mangrove sites 1 > 3 2 3 N R C
oLt L
R N R A N
M

W =

Legend: 1 Agriculture, 2. Industrialisation, 3. Tourism, 4, Conservation, S. Support
service, A. Supply service, R. Regulation service, C. Cultural service. Degree of
influence:

—>» Average

High influence :
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Figure 9. Evaluation matrix of social-ecological interactions in the study sites.

4. Discussion

Our study underscores that knowledge and utilisation of mangroves are deeply intertwined
with the daily lives and cultural practices of southeastern Cuban communities, consistent with
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findings by authors such as [7,18,32]. This increased awareness among locals about ecosystem
services and threats like climate change likely stems from environmental education initiatives
integrated into Cuba’s Environmental Strategy implementation [70].

Cuba in the Atlantic East Pacific mangrove region exhibits a relatively low mangrove species
richness as compared to the Indo-West Pacific and against the background of the global total of
approximately 70 species. Mangroves in Cuba comprise primarily Rhizophora mangle (red mangrove),
Avicennia germinans (black mangrove), and further Laguncularia racemosa (white mangrove) and
Conocarpus erectus (button mangrove) [62]. These species, particularly red and black mangroves, also
dominate the mangrove forests across the study sites in southeastern Cuba [20,58,64]. Red
mangroves, in particular, are well-recognised by coastal communities [20,58].

We intended to provide descriptive data for the mangrove social-ecological systems of
southeastern Cuba in support of a better understanding of the issues at stake for good management
and conservation. Despite not performing an in-depth quantitative analysis, we propose several
inferences towards management and conservation from our study.

4.1. Use of Mangrove Resources by Communities

Fishing and forest product exploitation, whether commercial or for subsistence, have historically
provided primary livelihoods for coastal communities near mangroves [4,6]. However, our study
indicates a shift in southeastern Cuba where local livelihoods are increasingly diversifying towards
inland activities [65,66], employment in industries [67], and emerging agricultural and livestock
sectors [55,68]. Despite these changes, the use of mangrove resources for food remains prominent,
alongside medicinal and recreational uses like bathing areas. Notably, while mangrove wood is
valued elsewhere for fuel and construction [4,48], in this study respondents viewed its use as illegal,
reflecting Cuba’s stringent regulations against mangrove logging [69].

Studies on mangroves in Mexico, Brazil, Bangladesh, and Madagascar highlight uses such as
recreation, tourism, and cultural preservation tied to mangroves [7,71,72,73]. In southeastern Cuba,
local communities also utilise red mangrove for traditional medicine, such as in the treatment of
kidney infections and skin diseases. Although there is potential for nature tourism and ecotourism,
given the high scenic value attributed to mangroves, particularly for wildlife observation within
protected areas, this is not very common in the area. Sustainable practices for these activities remain
underdeveloped.

4.2. Perception of Ecosystem Services in Communities

Communities near mangroves in southeastern Cuba demonstrate a robust understanding of
ecosystem goods and services, consistent with what is globally known for mangroves, and also
reported elsewhere, as in Mauritius [6]. Habitat support for fauna, especially juveniles, and
provisioning services such as food and medicine are widely recognised [7,22,74]. In GUAM and
MCOA, mangroves play a crucial role in supporting local fisheries, highlighting their significant
economic importance [59]. This dependency is less linked to demographic factors and more
influenced by community livelihood strategies, if compared to other studies [7,74,75].

The perception of the regulatory function of climate mitigation services depends on the level of
awareness of the population regarding the protective role of mangroves against the effects of extreme
hydro-meteorological phenomena. Knowledge on this topic extends beyond the experience of the
respondents with national environmental policies [24], where the emphasis is put on this ecosystem
service [4,32].

While awareness about mangroves’ regulatory role in climate mitigation is evident, the
perception of their carbon sequestration capacity remains limited, possibly due to the abstract nature
of this service in local contexts [76,77]. This suggests a need for enhanced environmental education
and capacity building to leverage local understanding for future blue carbon initiatives and to exploit
the potential they offer, Cuba ranking 10th worldwide in mangrove area.
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4.3. Perception of Mangrove Ecosystem Threats and Management Framework

Coastal residents are usually well aware of ongoing mangrove conservation efforts and the
regulatory frameworks governing their use in Cuba. However, clarity on responsible management
entities remains a concern despite established legal structures [24]. Apparently involving local
governments is essential for successful management programmes [32,48]. Management plans often
prioritise charismatic fauna over mangrove ecosystems, reflecting funding biases. In GUAM,
initiatives like the COSTASURESTE project [78] have bolstered local environmental awareness, albeit
without specific protected area designations or integrated coastal zone management (ICZM)
programmes. Though concluded in 2012, the awareness lingers on.

Governance types around the world could be divided roughly into bottom-up, top-down and
co-management [79], amongst others. In Cuba, the top-down management system is still prevailing
[41,80]. Moving forward, embracing bottom-up or co-management models could enhance local
participation and governance efficacy, aligning with international best practices and ensuring
sustainable mangrove management [79].

4.3.2. Potential Threats to Mangroves

Mangroves face varied threats, categorised as natural (e.g., drought, cyclones) and
anthropogenic (e.g., logging, agricultural expansion, pollution) hazards, each posing different levels
of risk [16,81]. Natural forces have caused significant mangrove loss [23]. Climate change has natural
and anthropogenic roots, but locals identified it as a natural threat. Climate change and drought are
perceived as the most significant natural threats in southeastern Cuba, exacerbated by local climatic
conditions and regional forecasts [82]. Cyclones are a major threat, causing area loss and damage,
though mangroves can recover [23,83]. Salinisation and forest fires are other concerns expressed,
while sea level rise is less perceived due to the elevated eastern coast.

Anthropogenic threats such as logging and agricultural expansion are significant concerns,
driven by economic activities that alter land use and hydrology, impacting mangrove ecosystems
[16,84-86]. Effective governance and community involvement are crucial for mitigating these threats,
aligning policies with local realities and sustainable practices [16,79,80].

4.3.3. New Perspective for Governance and Management of Mangroves in Eastern of Cuba

While Cuba has established institutional mechanisms for environmental governance, their
effectiveness in incorporating community voices and ensuring equitable, accountable management
of mangroves remains a challenge. Enhancing stakeholder engagement and fostering inclusive
governance models could bridge existing gaps, facilitating more sustainable mangrove conservation
practices [40,41]. The proposed model (Figure 10) outlines actionable steps for integrating local
knowledge and fostering collaborative management approaches, building on Cuba’s existing legal
frameworks [24].
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Figure 10. The Management System proposed for the mangrove governance in Cuba, particularly
southeastern Cuba, studied in this work. Photos credit Nico Koedam (top left) and Yanet Cruz
Portorreal (bottom right).

4.3.4. Description of the Observed Social-Ecological Relationships

A preliminary analysis (qualitative, descriptive) was performed by integrating the results of the
survey and structuring the documentary review. For future studies, we recommend introducing
indicators and measurable variables to analyse these social-environmental interactions. Our research
suggests that protected area management programmes should align with the principles of integrated
coastal zone management. This alignment will facilitate the emergence of social-ecological system
approaches and increase governance efficacy.

We found gaps in local knowledge on the role of mangrove ecosystems in carbon sequestration.
There is a need for training and identifying opportunities for implementing local development
projects. Emphasising capacity building could address market issues for ecosystem services,
including carbon sequestration, and raise awareness of this intangible service. Understanding the
complex international carbon market assessments and realising the ecosystem’s potential for this
service in Cuba is crucial.

Our study concludes that communities have different social-environmental relationships based
on the rural, urban, and coastal characteristics of these settlements. There are also different
manifestations of anthropic activities depending on the dominant sector of economic development
and its impact on mangrove functioning.

5. Conclusions

This study examined the knowledge, use patterns, interdependencies, and social-cultural
constructs surrounding the social-ecological dynamics between four southeastern Cuban
communities and coastal mangrove ecosystems. Understanding these relationships provides already
insights for decision-makers to promote conservation and highlights shortcomings in existing
management programmes, including training programmes tailored to each community, local public,
and private stakeholders.

Our findings emphasise the need for a comprehensive approach to mangrove management and
conservation, with implications extending beyond Cuba. Policymakers should recognise NbS as an
opportunity for inclusive solutions and establish partnerships for mangrove management in
southeastern Cuba. Reducing the gap between NbS and formal governance, addressing diverse
opinions, and providing continuous support for community participation is essential. Developing
NDS capacities based on regional contexts is crucial for effective management.


https://doi.org/10.20944/preprints202407.0444.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2024 d0i:10.20944/preprints202407.0444.v1

20

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1: Questionnaire; Table S2. Variables used in statistical analysis and types
of data, Figure S1: Frequency of mangrove resource use in the sites studied, Figure S2. Level of specific
stakeholders in the management system for the Mangrove governance in Cuba (Mendelow’s Stakeholder
Matrix).
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