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Abstract:  Mangrove forests support ecosystems, livelihoods, and cultural practices. However, 
their degradation threatens the utilization of mangroves by human communities, causing economic 
losses, particularly impacting local livelihoods. Cost-effective, community-led restoration and 
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conservation efforts are essential to enhancing the ecological and economic resilience of coastal 
communities. This study investigated Community-Based Mangrove Management (CBMM) in 
Sucre, Colombia, where mangroves provide essential goods and services to human communities. 
We employed a discourse analysis technique (Q) and Geographic Information System integration, 
including analysis of remotely sensed data to identify mangrove cover trends (1986–1993 and 
2017–2021). Q methodology identified two main discourses: “Optimism in CBMM” and “A call 
to enhance CBMM,” highlighting issues such as lack of administrative skills, economic resources, 
land tenure, and socio-environmental conflicts. Interviews identified tourism expansion as a major 
driver of mangrove loss, threatening the ecosystem’s ability to provide resources to local commu-
nities. The temporal analysis supported these trends, especially in Rincón del Mar, where tourism 
has increased. This study emphasizes the economic and ecological challenges faced by CBMM 
members, highlighting the need to integrate Local Ecological Knowledge and community perspec-
tives to guide mangrove conservation policy that emphasizes the benefits of mangrove forests and 
their non-timber forest products.

Resumen:  Los manglares sostienen ecosistemas, medios de vida y prácticas culturales. Sin 
embargo, su degradación amenaza el uso de los manglares por parte de las comunidades humanas, 
provocando pérdidas económicas que impactan especialmente los medios de vida locales. Los 
esfuerzos de restauración y conservación, liderados por las comunidades y de bajo costo, son esen-
ciales para mejorar tanto la resiliencia ecológica como económica de las comunidades costeras. 
Este estudio investigó la Gestión Comunitaria de Manglares (CBMM, por sus siglas en inglés) en 
Sucre, Colombia, donde los manglares proporcionan bienes y servicios esenciales a las comuni-
dades humanas. Empleamos la técnica de análisis del discurso (Q) e integración de Sistemas de 
Información Geográfica, incluyendo el análisis de datos de teledetección para identificar tendencias 
de la cobertura de manglares (1986–1993 y 2017–2021). La metodología Q identificó dos discursos 
principales: ‘Optimismo en la CBMM’ y ‘Un llamado a fortalecer la CBMM,’ destacando prob-
lemáticas como la falta de habilidades administrativas, recursos económicos, tenencia de la tierra 
y conflictos socioambientales. Las entrevistas señalaron la expansión del turismo como un factor 
importante de pérdida de manglares, amenazando la capacidad del ecosistema para proveer recursos 
a las comunidades locales. El análisis temporal respaldó estas tendencias, especialmente en Rincón 
del Mar, donde el turismo ha aumentado. Este estudio enfatiza los desafíos económicos y ecológicos 
que enfrentan los miembros de la CBMM, subrayando la necesidad de integrar el conocimiento 
ecológico local y las perspectivas comunitarias para guiar una política de conservación de manglares 
que destaque los beneficios de los manglares y sus productos forestales no maderables.

Keywords:  Mangrove forests, Coastal communities, Community-based management, 
Traditional knowledge, Discourse analysis, Remote sensing

Introduction

Mangroves are coastal ecosystems found 
in tropical, subtropical, and warm temperate 
regions (Dahdouh-Guebas et al. 2020). These 
forests offer socio-cultural services as well as 
vital ecosystem services like food, construction 

materials, fuelwood, biodiversity habitat, nutri-
ent cycling, carbon sequestration, fisheries, and 
flood protection (Dahdouh-Guebas et al. 2021; 
Friess et al. 2020a; Zu Ermgassen et al. 2021). 
Despite their recognized value, the effectiveness 
of conservation efforts varies. In highly biodi-
verse countries, mangrove loss often exceeds 
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global averages (0.3–0.6%; Friess et al. 2019, 
2020b), with 50% of the world’s mangroves at 
risk of collapse (IUCN 2024). Prioritizing areas 
to protect mangroves is therefore a priority per 
se, and research has demonstrated that this is 
possible while maximizing ecosystem services 
(Dabalà et al. 2023).

Despite their recognized values and repeated 
reports of alarming trends (Duke et al. 2007; 
Friess et al. 2020a; Goldberg et al. 2020), man-
grove conservation continues to face significant 
challenges, particularly in biodiverse regions 
where deforestation rates are often above global 
averages (Friess et al. 2019, 2020b). Colom-
bia, with 283,419 ha of mangroves in 2020, 
has a 0.38% annual loss rate (Murillo-Sandoval 
et al. 2022). Building on global conservation 
concerns, Colombia has implemented various 
restoration strategies since the 1980s, evolv-
ing from traditional (top-down) reforestation 
methods to more community-driven approaches 
such as community-based ecological mangrove 
restoration (Brown et al. 2014; Gann et al. 2019; 
MAP 2020; Rodríguez-Rodríguez et al. 2021). 
Since the 1990s, Colombia has also developed 
a national framework for mangrove conserva-
tion and restoration (Table ESM 1). However, 
these policies often lack community follow-up to 
ensure site-specific feasibility and address stake-
holders’ needs (Álvarez-León 2003; Rodríguez-
Rodríguez 2022). The success of restoration 
efforts in Colombia varies, with community-
based ecological mangrove restoration being 
notably effective (Rodríguez-Rodríguez et al. 
2021). While restoration efforts have made pro-
gress, their success remains inconsistent. Some 
projects have yielded positive results, yet many 
face challenges related to site selection, method-
ology, and long-term monitoring (Elster 2000; 
Rodríguez-Rodríguez et al. 2021). Addition-
ally, many efforts are undocumented and lack 
proper monitoring (Rodríguez-Rodríguez et al. 
2021), with the human dimension of mangrove 
management, including stakeholder perceptions, 
community engagement, and socio-economic 
factors, being the least studied aspect (Castella-
nos-Galindo et al. 2021).

Despite the challenges, certain initiatives demon-
strate the potential for successful community-driven 

conservation. One notable example is the “Vida 
Manglar” committee on the Colombian Caribbean 
coast, which stands as a model grounded in the 
long history of community involvement in man-
grove management in Cispatá Bay (Vida Manglar 
2023). Nearby, in Sucre, smaller-scale commu-
nity-based mangrove restoration initiatives have 
been underway since the 2000s, although these 
efforts require more comprehensive documenta-
tion (Rodríguez-Rodríguez 2022; Vega-Cabrera 
et al. 2021). Integrating and documenting these 
and other community-based mangrove conser-
vation and restoration initiatives in Sucre could 
improve management, address the needs of their 
members, and enhance our understanding of Com-
munity-Based Mangrove Management (CBMM) 
in the region.

Colombia’s efforts align with broader global 
trends, where long-term community engagement 
has been a critical factor in the success of man-
grove conservation projects (Rodríguez-Rod-
ríguez et al. 2021; Kairu et al. 2021; Kongkeaw 
et al. 2019; Wickramasinghe 2017). Key suc-
cess factors previously reported in other studies 
are sustained funding, local economic benefits, 
alignment with local resource use, incorporation 
of local knowledge, legislative support, and pub-
lic endorsement (Damastuti et al. 2022). Suc-
cess is also linked to using diverse species and 
large-scale efforts (López-Portillo et al. 2017). 
In contrast, continued mangrove loss occurs in 
projects lacking a scientific basis for planting 
strategies (Kodikara et al. 2017).

To better understand the effectiveness of 
CBMM, including both restoration and con-
servation efforts within the mangrove social-
ecological system (Ostrom and Nagendra 2006), 
requires an interdisciplinary approach that inte-
grates community perspectives with environmen-
tal monitoring techniques. Various methods are 
available for analyzing the social dimensions of 
mangrove ecosystems (Hugé et al. 2016, 2023; 
Kongkeaw et  al. 2019; Ostrom, 2009). For 
example, discourse techniques like Q method-
ology offer insights into stakeholders’ views on 
forest status and trends, aiding policy develop-
ment (Hugé et al. 2013; Nyangoko et al. 2022). 
Understanding public and stakeholder percep-
tions, along with incorporating Local Ecological 
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Knowledge and community involvement, are 
crucial indicators of successful mangrove man-
agement (Dahdouh-Guebas et al. 2020; Walters 
et al. 2008). Consequently, this approach has 
been notably applied in mangrove management 
research (Arumugam et al. 2021; Dupont et al. 
2025; Lhosupasirirat et al. 2023; Nijamdeen et al. 
2024; Torres-Guevara et al. 2016).

Complementarily, biophysical assessments of 
CBMM focus on the mangrove ecosystem sta-
tus. This involves monitoring various aspects of 
mangroves, such as survival rates (Kodikara et al. 
2017), faunal recruitment (Bosire et al. 2004), for-
est structure (Bosire et al. 2008), and remote sens-
ing (Otero et al. 2018). Remote sensing enhances 
ground-based inventories by covering large or 
inaccessible areas, enabling retrospective assess-
ments (Dahdouh-Guebas et al. 2004; Otero et al. 
2018), and being a cost-effective alternative to 
field techniques (Baloloy et al. 2020). Techniques 
like the normalized difference vegetation index 
and mangrove vegetation indexes correct map-
ping inaccuracies by detecting spectral responses 
in multispectral data between mangroves and non-
mangrove vegetation cover, proving to be useful 
in recent mapping efforts (Aljahdali et al. 2021; 
Baloloy et al. 2020). In Colombia, a country-wide 
36-year analysis to track mangrove cover change 
was conducted by integrating the Landsat satel-
lite archive, mangrove vegetation indexes, and 
the LandTrendr algorithm (Murillo-Sandoval 
et al. 2022). Similarly, a multi-temporal analysis 
(2017–2021) for Sucre using Sentinel- 2-derived 
mangrove vegetation index shape models and 
ground truth data was recently obtained (Ruiz-
Roldán et al. 2023).

Given the identified research gaps in the effec-
tiveness of CBMM in Colombia—particularly in 
the lack of human dimension consideration—
this study seeks to explore CBMM’s dynamics 
further in Sucre, Colombia. The human dimen-
sion is critical because it encompasses the per-
ceptions, behaviors, and socio-economic condi-
tions of local stakeholders, which are essential 
for the long-term success of CBMM. There-
fore, this study investigates CBMM dynamics 
in Sucre, focusing on stakeholder perceptions, 
land cover trends, and challenges. We integrated 
discourse analysis and remote sensing data to 
address two key questions: (1) What are the main 
discourses among stakeholders on CBMM? and 

(2) What are the perceived and observable trends 
in mangrove cover and its drivers?

Methods

Study Area

The study was conducted in Sucre, on the 
Colombian Caribbean coast (Fig.  ESM 1). 
Sucre’s coast, characterized by a dry forest 
biome, has an annual precipitation of less than 
1000 mm/year and temperatures between 27 
and 33 °C (Gómez-Cubillos et al. 2015). Sucre 
has 8924 ha of mangroves (Ruiz-Roldán et al. 
2023), which include species from the family 
Rhizophoraceae, such as Rhizophora mangle 
L., and the family Acanthaceae, represented by 
Avicennia germinans (L.) Stearn. Other com-
mon species include Laguncularia racemosa 
(L.) C.F.Gaertn. (family Combretaceae), Pel-
liciera spp. Triana & Planch. (family Tetramer-
istaceae), and Conocarpus erectus L. (family 
Combretaceae; Rodríguez-Rodríguez, 2022). In 
this region, Rhizophora mangle tends to domi-
nate the outer strips, Avicennia germinans the 
inner basins, and Conocarpus erectus the transi-
tion zones landwards (Ruiz-Roldán et al. 2023). 
Along the Gulf of Morrosquillo, mangroves are 
found in specific narrow physiographic zones, 
like sandbars and coastal edges (Gómez-Cubillos 
et al. 2015).

Currently, Sucre has 15 protected areas, includ-
ing four mangrove-protected areas that cover 
nearly 8000 hectares. These areas fall under 
various protection schemes, such as Regional 
Natural Parks, Regional Integrated Management 
Districts, Fauna and Flora Sanctuaries, and Civil 
Society Natural Reserves (RUNAP 2023). Four 
Sucre locations were selected for Q methodology 
interviews (Fig. ESM 1). The first two, Berru-
gas and Rincón del Mar (San Onofre municipal-
ity), were chosen for their proximity to CBMM 
projects, listed in detail in Vega-Cabrera et al. 
(2021). The main restoration areas of these two 
sites are 5 ha in Berrugas and 6 ha in Rincón 
del Mar (Rodríguez-Rodríguez 2022). While 
there are additional restoration sites in these 
locations, this study focuses on these two. The 
other two locations, Tolú and Coveñas, are near 
protected areas (Parque Natural Regional Boca 



2025]	 Barrera‑Bello et al.: Community Mangrove Management, Colombia

de Guacamaya and Distrito Regional de Manejo 
Integrado La Caimanera), with CBMM projects 
ongoing since the early 2000s. Communities in 
all locations rely on mangroves for fishing, tour-
ism, and materials like wood and honey. His-
torically, the drivers of mangrove cover change 
reported for Sucre include water deficits, hydro-
logical alterations, infrastructure expansion, 
sedimentation, logging, shrimp farms, agricul-
ture, and tourism (Gómez-Cubillos et al. 2015; 
Sánchez-Paez et al. 2002).

Main Stakeholder Perceptions on CBMM

To investigate the perceptions of key stake-
holders involved in CBMM in Sucre, this study 
employed Q methodology. This technique iden-
tifies and analyzes discourses considering the 
values, interests, goals, and ideas of the par-
ticipants. Q is a method in which respondents 
are asked to rank statements according to their 
degree of (dis)agreement. The methodology fol-
lowed the guidelines outlined by Zabala et al. 
(2018) and Watts and Stenner (2014).

Research Design

First, the Q set—defined as the initial set of 
statements provided to participants for rank-
ing—was created from a comprehensive list of 
statements (concourse) that reflected diverse 
viewpoints on CBMM in Sucre (Hugé et al. 
2016). The concourse was developed based on 
research literature and prior interactions with 
mangrove experts and officials (e.g., emails, 
meetings, video calls). The Q set was formed 
by 36 statements (Table ESM 2) and translated 
into Spanish. Participants were identified using 
a snowball sampling technique, where existing 
participants helped recruit others. Snowball 
sampling is commonly used in Q methodol-
ogy (Hugé et al. 2016; Zabala et al. 2018) as 
it prioritizes participants with relevant view-
points over random selection (Watts and Sten-
ner 2014). To mitigate recruitment bias from a 
single network or personal researcher contacts, 
known limitations of snowball sampling (Parker 
et al. 2019), participants were identified across 
different settings and activities. To ensure broad 
representation of CBMM stakeholders, we con-
sidered socioeconomic and sectoral diversity 

(Table ESM 3). When profiles became redun-
dant, we intentionally selected diverse partici-
pants within the snowball sampling process and 
included others from outside the referral chain 
to enhance diversity.

Experts were defined as stakeholders directly 
or indirectly involved in mangrove management 
for more than 1 year (e.g., local community 
representatives, non-governmental organiza-
tion representatives, scientists, officials; Ram-
sar Convention Secretariat 2010), using the 
expanded concept of “expert” sensu Burgman 
et al. (2011).

Data Collection

Interviews for conducting the Q methodology 
took place from July 2023 to August 2023. All 
interviews were conducted in person and lasted 
about an hour. The participants ranked state-
ments within the Q set (Q sorting) using a scale 
from − 3 to + 3 to indicate their level of (dis)
agreement, importance, or acceptability relative 
to other statements. The participants completed 
their rankings using a board that displayed a 
“near-normal forced” distribution, forming the 
so-called Q grid (Fig. ESM 2). This distribution 
is termed “near-normal” because most responses 
fell near the middle of the scale (0), with fewer 
at the extremes (− 3 and + 3). This helped par-
ticipants focus their rankings, making it easier to 
analyze and interpret the results (Watts and Sten-
ner 2014). The ranked statements provided by 
each participant are referred to as a Q sort. State-
ments in the same rank were considered to have 
the same score. Explanations of the statements 
were consistent for all participants, and partici-
pants were always asked to confirm whether the 
statements were clear to them, aiming to mini-
mize researcher bias during Q sorting (Zabala 
et al. 2018). In some cases where limited literacy 
was present, statements were fully explained 
verbally. It was decided to include experts with 
limited literacy due to their extensive experience 
in CBMM. Additionally, qualitative data, includ-
ing life experiences, behavior, and willingness to 
be interviewed, was collected, while participants 
ranked statements and during post-sorting inter-
views. This encompassed details such as edu-
cation level, years of residence in the territory, 
involvement in community restoration projects, 
experiences with mangroves, and motivation 
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for participating in community-based mangrove 
restoration. In these post-sorting interviews, 
participants were also asked about their over-
all perception of mangrove trends (increase or 
decrease) and the main drivers influencing man-
grove cover change. Qualitative information was 
also gathered during guided walks and canoe 
trips to community-based mangrove conserva-
tion and restoration areas, facilitated by some 
participants (Figs. ESM 3–6).

Of the 37 interviews conducted, nine were 
excluded to ensure data integrity, leaving 28 for 
analysis. Exclusions were based on two criteria: 
(1) the participant’s perceived lack of engagement 
with the interview (evidenced by expressions of 
disinterest such as lack of eye contact with the 
board, repeated comments unrelated to the subject 
of the interview, repeated lack of understanding 
of the statements despite continuous explana-
tions given, continuous interruptions generated 
by agents external to the interview) and (2) the 
participant’s unfamiliarity with the functioning of 
local CBMM organizations, despite being a mem-
ber of environmental and/or educational projects 
in the territory. The remaining Q participants’ 
number met the methodological aim of Q by pri-
oritizing diversity of perspectives over sample 
size, ensuring fewer Q participants than Q state-
ments, with a minimum ratio of nearly 3:1 (Watts 
and Stenner 2014), a condition our study fulfills 
with 28 Q participants and 36 Q statements.

While Q methodology is a powerful tool for 
analyzing subjective viewpoints, it should not 
be confused with claims of objectivity in a tradi-
tional statistical sense (Sneegas 2020). Rather, it is 
designed to identify patterns in perspectives rather 
than generalize findings to a larger population.

Data Analysis

The analysis was conducted using the PQMethod 
software (Schmolck 2014). This software compared 
and clustered the participants’ Q sorts into fac-
tors within a correlation matrix, with each factor 

representing a shared perspective among a subset 
of participants. The matrix calculated Pearson cor-
relation coefficients to group participants based on 
the similarities in their rankings (i.e., similar Q sorts 
were those ranked in a similar way). The plots and 
figures illustrating these perspectives were gener-
ated using R© (R Core Team 2024).

A conventional multivariate data reduction 
analysis was applied to the correlation matrix, 
consisting of two major steps. First, a factor-
reduction technique known as centroid factor 
analysis (QCENT option in PQMethod) was 
applied to condense a broad spectrum of perspec-
tives into the succinct set of factors. Centroid fac-
tor analysis was chosen due to its flexibility in 
examining data (Hugé et al. 2016; Akhtar-Danesh 
2016). The centroid factor analysis extracted five 
factors, based on the number of Q sorts suggested 
by Watts and Stenner (2014), with one factor for 
every 6–8 Q sorts (i.e., 28 Q sorts, five factors). 
Second, factor-rotation techniques, including 
Varimax and manual rotations (by-hand rota-
tions), were employed to identify the primary or 
predominant viewpoints within the participant 
group (Watts and Stenner 2014).

1.	Varimax Rotation: The five factors were rotated 
using Varimax rotation (QUARIMAX option in 
PQMethod), a statistical technique that achieves 
simplification and a better interpretation of the 
resulting factor structure by maximizing the 
correlation coefficients between a Q sort and a 
given factor (Akhtar-Danesh 2016; Zabala et al. 
2018). The Varimax rotation removed two fac-
tors (factors 3 and 5; Table ESM 4) due to the 
loss of all their unique significant factor load-
ings and a marked decrease in their explanatory 
power (i.e., percentage of variance explained by 
the factor). Significant factor loadings, defined 
as Q sorts defining factors, were identified by 
employing a threshold of p < 0.01 at the sig-
nificance level. This threshold was derived 
using the equation (Eq. 1) outlined in Watts and 
Stenner (2014):

(1)2.58 × (1 ÷
√

Number of items in the Q set) = 2.58 × (1 ÷
√

36)

= 0.43

	   Equation 1. Threshold for identifying significant factor loadings. The number of items in the 
Q set refers to the number of statements in the Q set.
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2.	Manual Rotations: Manual rotations in Q meth-
odology (QROTATE option in PQMethod) 
involve adjusting factor positions to refine 
interpretation while maintaining the relative 
positions of Q sorts determined by initial cor-
relations (i.e., unrotated factor loadings; Watts 
and Stenner 2014). We visually assessed fac-
tors and performed manual rotations. The 
clustering of Q sorts between factors 1 and 3 
prompted a 20° rotation, leading to a potential 
two-factor solution after the significant load-
ings of factor 3 were lost. A subsequent 35° 
rotation between the remaining factors retained 
only factor 1 due to loadings loss, producing a 
single-factor solution.

Both solutions met the criteria outlined by 
Watts and Stenner (2014) for a sound solution, 
including explained variation (35–40%), eigen-
values (EVs) above 1 (Kaser–Guttman), two or 
more significant factor loadings per factor, Hum-
phrey’s rule, the Scree test, and parallel analysis 
(Fig. ESM 7). EVs, calculated from the sum of 
squares of factor loadings per Q sort, alongside 
variance, indicate factor strength and explana-
tory potential (Watts and Stenner 2014).

Finally, the two-factor solution was chosen as 
it achieved a robust coverage and representation 
of the dataset that captured the perspectives of 
the majority of stakeholders while representing 
diverse stakeholder perspectives within the two 
factors.

Interpretation

The factors obtained were interpreted as dis-
courses—a collection of viewpoints that reflect 
both shared and individual perspectives within 
a group of participants (Lhosupasirirat et al. 
2023). To express the correlation between the 
statements and each discourse, we used stand-
ardized factor loadings, known as Z score coeffi-
cients (Zabala et al. 2018). Higher Z score values 
indicated stronger agreement, while lower values 
indicated disagreement (Ibid.). The ranked order 
of Z scores helped identify consensus state-
ments, which highlight common perspectives 
among all participants. Differences in Z scores 
were used to pinpoint contrasting perspectives 
between factors. Both discourses were labeled 
to facilitate interpretation. This ranked order of 

Z scores also produced factor arrays, which are 
representative Q sorts for each factor (discourse) 
identified. These factor arrays maintain the orig-
inal data distribution and are constructed relative 
to the size of the Q grid, providing a practical 
way to present stakeholders’ perspectives as ini-
tially recorded (Watts and Stenner 2014).

In addition to the factor arrays, the two-factor 
solution was interpreted by analyzing post-sorting 
interviews, with a focus on single significant Q 
sorts at the p < 0.01 level for each factor (i.e., par-
ticipants defining the factor). These post-sorting 
interviews provided contextual depth, allowing 
participants to elaborate on their rankings and 
clarify their perspectives, further ensuring that 
factor arrays accurately reflected participant view-
points rather than imposing predefined categories. 
For a more comprehensive interpretation, we also 
included interviews with participants who were 
not part of the Q but had extensive experience in 
the area and knowledge of the historical changes 
in mangroves within the region. A summary of 
the steps of Q methodology is shown in Fig. 1.

The research team acknowledges that ethical 
engagement is a continuous process throughout 
the research. Beyond obtaining ethics commit-
tee approval and informed consent, our ethical 
commitments included maintaining open com-
munication and ensuring transparency about 
the objectives and outcomes of the study. As a 
concrete example of reciprocity and respect for 
participants’ contributions, the research team 
agreed to produce and share a short video and 
a translated version of the findings with the 
participants.

Mangrove Cover Trend Analysis

The trend analysis involved the creation of 
two multitemporal mosaics of mangrove area to 
estimate area loss, gain, and net change, using 
the QGIS version 3.3 (QGIS Development Team 
2018).

Data Source

We used mangrove vegetation index Landsat-
derived shape layers. This satellite imagery was 
obtained from the Landsat missions’ archive 
to produce annual mangrove vector layers for 
the period 1985–2021 (MSS/TM, ETM +, and 
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OLI/TIRS sensors; Blanco-Libreros and Valen-
cia-Palacios, unpublished data) using Google 
Earth Engine (Shapiro, 2024; Yancho et  al. 
2020). One cloud-free image was selected from 
each year, and the mangrove vegetation index 
(Baloloy et al. 2020) was computed using GEE. 
Landsat images were chosen for their long-term 

availability and consistent data quality, acknowl-
edging that high cloud cover in tropical regions 
greatly reduces the number of usable images 
(Murillo-Sandoval et al. 2022). For this reason, 
the analysis was conducted on a partial region of 
Sucre, focusing on the areas of interest (AOIs) 
including Rincón del Mar, Sanguaré (Reserva 

Fig. 1. Q methodology flowchart outlining the research stages. The research design includes formulating 
a research question, constructing a concourse of statements that are subsequently filtered to produce the Q 
set, designing the Q grid to establish ranking values, and selecting participants (P sample). The data collec-
tion involves interviews where participants rank the Q set statements (Q sorting), and additional qualitative 
data is gathered. The analysis is conducted using the PQ software (Schmolck 2014), generating a correlation 
matrix and calculating factor loadings to identify significant Q sorts for each factor. Factor extraction and 
rotation techniques are applied, leading to an output of selected factors that meet the selection criteria (see 
Fig. ESM 7). These factors would then become the discourses. Interpretation: Discourses are labeled to facil-
itate their interpretation and visualized through either factor arrays or a Z scores plot to identify distinctive, 
contrasting (orange), and consensus (blue) statements across different discourses. The methodology followed 
the guidelines outlined by Zabala et  al. (2018) and Watts and Stenner (2014). (*) One non-governmental 
organization (NGO) member participated as NGO and a researcher
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Natural de la Sociedad Civil Sanguaré), and Ber-
rugas rather than all interview sites. The total 
mangrove area analyzed, covering both historic 
and more recent extents, was 1044 ha. While this 
area includes community-based mangrove resto-
ration project sites, they were not differentiated 
within the analysis considering the scope of this 
thesis.

Multitemporal Mosaics

A 35-year comparison was performed between 
historic shapefiles from 1986 to 1993 and the more 
recent shapefiles (2017–2021). Each of these inter-
vals was merged (using the “merge vector layers” 
function) to create a single mosaic. The decision 
to pool the layers into two periods (1986–1993 
and 2017–2021) was made to minimize yearly 
biases in mangrove area estimates caused by sea-
sonal and tidal variations. This approach focuses 
on identifying long-term (inter-decadal) trends 
rather than detailed year-to-year changes, a com-
mon practice in regions with limited pre-1990 car-
tographic data (Baltezar et al. 2023). Areas below 
15 m of elevation were considered using the digi-
tal elevation model derived from the Shuttle Radar 
Topography Mission, as the highest altitude found 
in the area on Google Earth Pro was 15 m, consist-
ent with similar studies (Ibid.). We employed the 
“Raster Calculator” to filter these areas and then 
used the “Clip Raster by Mask Layer” function 
to clip the digital elevation model with the mosa-
ics. To address geometry errors during clipping, 
we first used the “Fix Geometries” tool to cor-
rect self-intersecting polygons, duplicate nodes, 
and overlapping rings on the mosaics, ensuring 
smooth processing (QGIS Development Team 
2018). Additionally, the current layer (2017–2021) 
was visually inspected to ensure areas known to 
not have mangrove were accurately represented. In 
cases where discrepancies were found, corrections 
were made to the layer.

Mangrove Area Estimation

For estimating mangrove area loss, gain, and 
net change, a difference layer was generated 
between the two mosaics using the “Difference” 
function. This allowed the identification of areas 
of loss and gain. Areas present in the current layer 
but not in the difference layer were classified as 

areas of mangrove gain. Conversely, areas pre-
sent in the difference layer but not in the current 
layer were classified as areas of mangrove loss. 
Subsequently, using the “Intersection” tool, the 
AOIs, as well as the partial region of Sucre con-
taining them, were analyzed separately. Finally, 
using the “Field Calculator” function, the areas 
were quantified. This allowed for the calculation 
of mangrove loss, gain, and net change areas to 
identify trends in mangrove cover.

Accuracy Assessment

A confusion matrix was designed for the accu-
racy assessment. This matrix was generated by 
visually inspecting 200 random points over the 
predicted mangrove area (mosaic 2017–2021) 
and comparing them with reference mangrove 
areas (Google Earth Pro 2021; Ruiz-Roldán 
et al. 2023). This comparison produced values 
for true positives (TP), false positives (FP), false 
negatives (FN), and true negatives (TN). Based 
on these confusion matrix values, the following 
accuracy metrics were calculated: overall accu-
racy, producer’s accuracy (recall or sensitiv-
ity), user’s accuracy (precision), and F1 score. 
Standard equations and definitions can be found 
in Table ESM 5 and are based on Lunetta and 
Lyon (2004) and Nicolau et al. (2023). A sum-
mary outline of the steps of this methodology is 
shown in Figure ESM 8.

Results

Main Stakeholder Perceptions on CBMM

The majority of participants (23 out of 28) 
were community leaders involved in CBMM, 
either directly or indirectly. They were engaged 
in various informal jobs related to fishing, eco-
tourism (both mangrove and non-mangrove-
related), boat driving, and handicraft making, 
among others. The remaining participants 
included officers, non-governmental organi-
zation members, and researchers. Participants 
came from the four interview sites, but the 
numbers varied by site. Three of the 28 par-
ticipants were women. Although this gender 
disparity was not anticipated nor intended, as 
it might appear to introduce a bias into the dis-
course analysis, it is ultimately an outcome of 



	 Economic Botany [VOL

the analysis as it reflects the existing structure 
of CBMM in the region and represents the main 
stakeholders’ perceptions of CBMM in Sucre, 
Colombia.

The two-factor solution explained 46% of the 
total variance, surpassing the minimum acceptable 
threshold of 35–40%, as detailed in Figure ESM 7. 
Out of the 28 participants who completed the Q 
sorts, 21 (75%) exhibited significant loading on 
one of the two factors (Q sorts defining factor), 
with 16 loading onto Factors 1 and 5 onto Fac-
tor 2 (Table 1). However, due to the inter-factor 
correlation of 57% and the smaller number of Q 
sorts defining Factor 2, Factor 2 was treated as an 
alternative version of the broader discourse repre-
sented by Factor 1.

Discourse 1: “Optimism in CBMM”

Adherents of discourse 1, including commu-
nity leaders and a non-governmental organization 
member (Table ESM 3), maintain a positive view 
of the management trajectory of CBMM despite 
facing challenges in decision-making dynamics 
(S1, with S referring to “Statement” from the 
Q-methodology survey; see Table ESM 2 for the 
full list of statements). For example, participant 14 
mentioned ease in managing despite conflicts in 
decision-making (Q1, with Q referring to “Quote”; 
see Table ESM 6 for the full list of quotes). Their 
motivation to continue with CBMM stems from 
mangrove ecosystem services (S20, S21, S24) and 
the income generated by its activities, as expressed 
by participant 26 (Q2). From Q2 and other post-
sorting interviews, we identified community prac-
tices and cultural relationships around mangroves, 
including fishing traditions, which foster a sense 
of purpose, belonging, and spiritual connections. 
Additionally, interviews with elders highlighted 
how mangroves once served as spaces for child-
hood recreation, a role that both younger and older 
CBMM stakeholders perceive as diminishing. 
Overall, these cultural dimensions contribute to 
the strong local identity associated with CBMM 
and may help sustain community engagement. 
However, despite these deep-rooted connections, 
challenges remain in the formalization of local 
associations and access to essential information 
for CBMM.

Table 1. Two-factor solution derived from 28 partici‑
pants (Q sorts)

Q sort Sector Factor 1 Factor 2

1 CML 0.5653 *X 0.2396
2 CML 0.5188 *X − 0.101
3 CML 0.4775 *X 0.1352
4 CML 0.2689 0.0431
5 CML 0.6910 *X 0.3562
6 CML 0.506 * 0.5958 *
7 CML 0.5309 *X 0.2408
8 CML 0.6922 *X 0.0585
9 CML 0.286 0.4982 *X
10 CML 0.2877 0.4802 *X
11 CML 0.4214 0.7614 *X
12 O 0.4502 * 0.481 *
13 CL 0.4999 * 0.5179 *
14 CML 0.5951 *X 0.3059
15 CML 0.4561 *X 0.2785
16 CML 0.565 * 0.6551 *
17 CML 0.4866 * 0.6026 *
18 CML 0.5655 *X 0.349
19 O 0.0082 0.7757 *X
20 CML 0.5503 *X 0.2599
21 CML 0.6372 *X 0.3498
22 CML 0.6691 *X 0.0493
23 NGO 0.5939 *X 0.4161
24 CML 0.5210 *X 0.3424
25 CML 0.6826 *X 0.3072
26 CML 0.4398 *X 0.4113
27 R 0.1006 0.6935 *X
28 R, NGO 0.6061 * 0.4363 *
Q sorts 

defining 
factor

16 5

EV 7.43 5.29
% expl. 

Var
27 19

Average 
rel. coef

0.800 0.800

Composite 
reliabil-
ity

0.985 0.952

SE of 
factor Z 
scores

0.124 0.218
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Although the lack of formalization of local 
associations is not perceived as a difficulty 
according to the Q analysis (S9), most interview-
ees verbally expressed that the lack of formali-
zation hinders CBMM, as noted by participant 
24 (Q3). They also find it challenging to access 
information on the expansion or decline of man-
grove forests in Sucre (S2), but they acknowl-
edge that such information exists (Q4). Overall, 
they expressed confidence in the project’s conti-
nuity and see it as a role model for community-
based work in the country (S25, Q5).

Discourse 2: “A Call to Enhance CBMM”

Adherents of discourse 2 include com-
munity leaders, an officer, and a researcher 
(Table ESM 3) who perceive CBMM as lack-
ing progress due to poor administrative (S10), 
planning (S18), and communication skills (S6). 
For example, participants 19 and 27 highlighted 
these limitations (Q6–Q7).

They also acknowledge the existence of national 
policies supporting CBMM (S7) but perceive a gap 
between policy and practice (Q8). Participants 21 
and 22 added their frustrations with the lack of sup-
port from governmental entities (Q9–Q10). There is 
also a need to improve scientific research (S32) and 
related technologies to help monitor mangroves, as 

emphasized by participant 25 (Q11). On the other 
hand, participant 5 emphasized the importance of 
ancestral knowledge (S33) for CBMM over some-
times scientific concepts (Q12). These participants 
recognized the need to strengthen partnerships 
(S30) with public and private entities (Q13) and 
to collaborate among local CBMM organizations 
to overcome current conflicts (Q14). Partnerships 
with Vida Manglar (in Tolú and Coveñas towns), 
VIVACT non-governmental organization (in 
Rincón del Mar), and Dos Aguas hotel (in Rincón 
del Mar) were perceived positively. These entities 
acted as intermediaries among government institu-
tions, NGOs, and community leaders and provided 
funding for specific activities. However, some com-
munity members remain cautious due to past nega-
tive experiences with external partners.

In general, participants in discourse 2 have a less 
favorable view of the project’s management effec-
tiveness, believing these issues contribute to public 
disinterest in their mangrove restoration projects 
(S17, Q15). Therefore, they emphasized the impor-
tance of community involvement (S36) to advance 
community-based mangrove restoration (Q16).

Consensus Statements

Shared perspectives between discourses 1 and 2 
emphasize the importance of monitoring (S4) after 
planting (Q17–Q18). Both discourses agreed on 
the lack of fixed income (S12), as expressed by 
participant 17 (Q19). The majority supports the 
idea that CBMM should be economically sustain-
able (S26), with perceptions ranging from seeing 
CBMM as a business (Q20) to a voluntary exer-
cise (Q21), and a clear recognition that project 
members sometimes have different goals or rea-
sons for participating in CBMM (S5, Q22). Both 
discourses shared concerns about insufficient eco-
nomic resources for project continuation (S8), with 
participant 12 emphasizing the need for project 
formulation to secure resources (Q23). Added to 
this, both discourses identified a lack of technical 
training (S13), compensated sometimes by empiri-
cal knowledge, with participant 27 noting the self-
taught empirical training among community lead-
ers (Q24). They also underlined the importance of 
organizing events to share lessons learned (S14) 
and exchange knowledge and experiences (Q25).

Another consensus point was the advocacy for 
greater involvement of women in projects (S34). 

The sector column depicts participants’ relation to 
Community-Based Mangrove Management (CBMM) 
in Sucre, Colombia. Asterisks (*) denote significant 
loadings on one or both factors, indicating a significant 
correlation (above 0.43; for calculation details, see the 
“Data Analysis” section in “Methods”). Values in bold 
marked with an asterisk (*) followed by “X” indicate 
a Q sort exhibiting a significant loading on only one 
of the two factors (i.e., Q sort defining the factor). EV 
(eigenvalues) and % expl. Var. (% explained variation) 
quantify the data variance accounted for by each fac-
tor. The Average Rel. Coef. (average relative coefficient) 
indicates the mean correlation between statements and 
the extracted factors. Composite reliability assesses the 
consistency of the factors identified from participants’ 
Q sorts. The SE (Standard Error) of Factor Z Scores 
quantifies the uncertainty associated with the factor 
scores derived from participants’Q sorts
Abbreviations: CML CBMM leader, CL community 
leader, NGO, non-governmental organization member, 
O Official, R researcher

Table 1. (continued)
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Participants 11 and 10 highlighted how women’s 
involvement improves public perception of man-
groves (Q26) and their tenacity during work (Q27), 
respectively. In general, both discourses strongly 
coincided with the need to improve mangrove edu-
cation in schools (S31) to overcome the current 
lack of public awareness (S28, S29), as described 
by participants 11 and 16 (Q28–Q29). A summary 
of the main highlights of both discourses is found 
in Fig. 2, and an alternative visualization based on 
Z-scores is found in Figure ESM 9.

Additional Remarks

Although not explicitly addressed in the Q meth-
odology, several additional aspects emerged repeat-
edly in the post-sorting interviews. Participants fre-
quently mentioned issues such as mangrove land 
reclamation, the presence of large foreign landown-
ers, violence, corruption, and the lack of employ-
ment opportunities and access to basic services 
for the surrounding communities. They perceived 
most of these issues as interconnected.

Fig. 2. Discourse construction from factor arrays. Representative Q sortings (factor arrays) for factors 1 
(a) and 2 (b) result in the construction of discourses 1 and 2 (c). Each number represents a statement (refer 
to Table  ESM  2), with numbers highlighted in blue indicating consensus statements (not statistically sig-
nificant at P > 0.05), while numbers in orange represent contrasting statements, determined by applying a 
threshold for significant Z-score differences (|Z|> 1.08) based on relevant statements identified during post-
sorting interviews. Numbers in black do not indicate consensus or notable contrasting statements among par-
ticipants; instead, they represent intermediate key aspects of each discourse
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Mangrove land reclamation, understood as 
the anthropogenic process of creating new land 
by converting mangrove areas (Numbere 2020), 
was described by participants as involving both 
locals and foreign landowners (Q30–Q31). The 
risks of violence faced by CBMM leaders, due 
to their proximity to foreign landowners, were 
emphasized by participant 5 (Q32). The impact 
of drug trafficking on CBMM efforts was noted by 
participant 11 (Q33). Moreover, local government 
corruption leading to mangrove conversion by the 
tourism sector was described as a factor causing 
distrust of the public sector among CBMM lead-
ers (Q34). Participant 25 added that officials often 
prioritize cutting costs and making money at the 
community’s expense (Q35). Added to this, con-
cerns about the lack of employment and its effects 
on the community were expressed (Q36).

The lack of access to basic services was a 
frequently mentioned issue in these towns, spe-
cifically, the absence of sanitation services in 
Berrugas (Q37; Fig. ESM 4) and the lack of a 
garbage collection system—which led to man-
grove swamp contamination (Q38)—and further 
conversion of mangrove forests in Rincón del 
Mar (Q39; Fig. ESM 3).

Mangrove Cover Trend Analysis

Perceptions

All respondents unanimously perceived an 
overall decrease in mangrove cover in Sucre (i.e., 
a net change in mangrove area). More than half of 
the participants (n = 28) identified urban expan-
sion, selective harvesting, and tourism expansion 
as the main drivers of mangrove loss in Sucre 
(Fig. 3). Urban expansion was a recurrent per-
ceived driver in all Areas of Interest (AOIs), 
while tourism expansion and selective cutting-
down were particularly noted in Berrugas, Cov-
eñas, and Rincón del Mar (Fig. ESM 10). In 
these areas, participants and field observations 
indicated that mangroves are being cleared for 
populated centers, hotel infrastructure, and tour-
ist centers. This information was also supported 
by the net mangrove loss reported in the temporal 
analysis for Rincón del Mar and Berrugas AOIs. 
This was observed even in restoration sites where 
mangrove planting was initiated in the 2000s, like 
in Berrugas (Fig. ESM 4). Field visits to recent 
restoration sites, such as Punta Seca in Rincón 

del Mar AOI, showed vacation houses adjacent 
to restoration areas, leading to conflicts between 
these house owners and CBMM members.

Finally, mangrove restoration and hydro-
logical rehabilitation were mentioned as fac-
tors increasing mangrove cover. Most partici-
pants who viewed these techniques positively 
for mangrove cover were stakeholders directly 
involved in CBMM, except for one official. 
These stakeholders were from the four AOIs 
where the interviews were conducted.

Additional land tenure conflicts were identi-
fied between Sanguaré and Rincón del Mar AOI. 
Interviews revealed that the residential complex 
Balsillas in Rincón del Mar AOI has owned a 
mangrove area since the 1980s. Following a res-
olution prohibiting land ownership in mangrove 
areas during the 1900s, Balsillas placed these 
areas under a private protection scheme. This 
ownership has been a source of ongoing conflict. 
Interviewees described ongoing conflicts between 
Balsillas, the community of Rincón del Mar, San-
guaré, and nearby vacation house owners, with 
persistent accusations regarding the alleged occu-
pation of mangrove areas by Rincón del Mar resi-
dents and vacation house owners, both within and 
outside Balsillas and Sanguaré mangrove areas.

Temporal Analysis

The temporal analysis of a subset of Sucre’s 
coastal area (Rincón del Mar AOI, Sanguaré, 
and Berrugas AOI) revealed a mangrove loss 
trend over the 35-year period of analysis (Fig. 4; 
Table 2). The historical extent of 913.1 ha was 
reduced to 837.9 ha. There was a loss of 206.5 
ha and a gain of 131.3 ha. The net change was 
− 8.2%, with Rincón del Mar AOI experienc-
ing the greatest loss (− 18.7%). Conversely, 
Sanguaré showed a net gain of 4.8%. The over-
all accuracy of this analysis was acceptable at 
80.6% (Table ESM 5).

Discussion

Main Stakeholder Perceptions on CBMM

Continuum and Representation of Perspectives

Rather than viewing “Optimism in CBMM” 
and “A call to enhance CBMM” as polarized 
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discourses of CBMM, these different views in 
Sucre can be better understood as a continuum. 
In this context, a continuum means that these 
perspectives are not completely opposed but 
rather overlap in some areas. The high interrela-
tion between discourses, reflected in post-sorting 
interview comments, supports this idea of plural-
ism in viewpoints. Importantly, some participants 
did not load significantly onto a single discourse, 
demonstrating perspectives that integrated both 
optimism and critique. These individuals often 
acknowledged both the strengths of CBMM 
efforts and the need for improvement, reflect-
ing a more nuanced perspective. This diversity 
of views within CBMM suggests that manage-
ment should account for integrative perspec-
tives. These blended viewpoints may also reflect 
emerging or minority discourses that, while 
outside dominant narratives, offer valuable 
insights into CBMM dynamics. This continuum 
of perspectives in forest management has been 
identified previously regarding mangrove forest 
management (Hugé et al. 2016). However, the 
assemblage of perspectives into specific dis-
courses, undoubtedly facilitated the identification 
of priority elements considering the multifaceted 
nature of the perspectives on CBMM (Ibid.).

The distribution of discourses by stakeholder 
sector (community leaders, non-governmental 

organizations, officials, researchers) revealed that 
“Optimism in CBMM” discourse was primar-
ily represented by community leaders, the direct 
stakeholders, while “A call to enhance CBMM” 
discourse included both community leaders and 
participants from official and academic institu-
tions. This pattern suggests that community lead-
ers tended to express a more optimistic perspec-
tive, whereas officials and researchers were more 
critical. Similarly, Hugé et al. (2016) found that 
stakeholders configuring the “business as usual” 
discourse, like “Optimism in CBMM,” are often 
directly involved in environmental management. 
However, rather than reflecting a bias, this dual 
representation provides valuable firsthand insights 
into the challenges faced by CBMM in Sucre, and 
the opportunity for self-criticism, a key strength 
of Q methodology. Understanding these dynamics 
and challenges identified is crucial to strengthen-
ing mangrove community-led conservation efforts 
in Sucre.

Key Internal Challenges in CBMM

Among the various internal challenges facing 
CBMM, limitations in management skills, fund-
ing, and governance structures emerge as critical 
barriers to long-term success.

Table 2. Mangrove area changes in a subset of Sucre coastal area from 1986–1993 to 2017–2021

The annualized net change in mangrove area (%) represents the net change in mangrove area (%) over the 35-year 
period analyzed (1986–2021), calculated as an annual rate. *The study area row corresponds to the total area quan-
tified in the map on Fig. 4, which includes but is not limited to the sum of Rincón del Mar AOI, Reserva Natural de 
la Sociedad Civil (RNSC) Sanguaré, and Berrugas AOI

Area 1986–
1993 (ha)

2017–
2021 (ha)

Man-
grove 
loss (ha)

Man-
grove 
loss (%)

Man-
grove 
gain (ha)

Man-
grove 
gain (%)

Net 
change in 
mangrove 
area (ha)

Net 
change in 
mangrove 
area (%)

Annual-
ized net 
change in 
mangrove 
area (%)

Rincón 
del 
Mar 
AOI

488.0 397.0 108.0 22.1 17.0 3.5  − 91.0  − 18.7  − 0.53

RNSC 
San-
guaré

224.7 235.5 49.7 22.1 60.5 26.9  + 10.8  + 4.8  + 0.14

Berrugas 
AOI

176.3 175.3 45.4 25.8 44.4 25.2  − 1.0  − 0.6 − 0.02

Study 
area*

913.1 837.9 206.5 22.6 131.3 14.4  − 75.2  − 8.2  − 0.24
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1.	Management skills are a significant challenge. 
Sucre CBMM leaders face poverty and vio-
lence, which may hinder quality education 
and skill development (McLaughlin and 
Sheridan 2016). Therefore, capacity building 
through education and training is crucial for 
advancing community forestry in the Global 
South, including CBMM in Sucre (Schweizer 
et al. 2021).

2.	Funding availability is another major chal-
lenge. Perspectives range from viewing 
CBMM as voluntary community work to 
considering it a profitable activity, highlight-
ing the need for consensus. It is recognized 
that generating financial incentives for com-
munity members is crucial for effective forest 
management involving restoration (Mansou-
rian et al. 2022). Additionally, mangrove gov-
ernance should consider the socio-cultural, 
economic, environmental, and climatic reali-
ties of local communities (Dahdouh-Guebas 
et al. 2022). In Sucre, low socio-economic 
adaptive capacity (Vega-Cabrera et al. 2021), 
high levels of unmet basic needs (DANE, 
2018), and high unemployment rates likely 
impact community engagement in CBMM 
(Sathiyamoorthy and Sakurai 2024). Lim-
ited funding not only affects daily operations 
but also hampers long-term commitments to 
mangrove conservation, particularly in areas 
requiring ongoing hydrological rehabilita-
tion and post-restoration monitoring, both of 
which are essential for effective mangrove 
restoration (Lewis 2005). Together, these 
issues underscore the need for CBMM ini-
tiatives to secure access to sustained socio-
economic benefits.

Key External Challenges in CBMM: Structural 
and Systemic Issues

Both discourses highlighted key structural 
factors within the government that influence 
CBMM and exacerbate its internal challenges. 
These challenges emphasize the need for trans-
formational change, which involves improving 
governance, education, access to basic services, 
employment opportunities, and eliminating cor-
ruption (Arts et al. 2024). Participants directly 
linked these factors to CBMM’s progress.

1.	Funding issues also stem from public con-
tracting processes, with participants citing 
community conflicts related to the bidding 
process. Participants identified several inter-
connected issues: (1) The lack of administra-
tive skills, such as project proposal writing, 
causes community organizations to struggle 
for government resources. (2) Not all com-
munity organizations that receive funds have 
the necessary skills and training in CBMM, 
which can lead to failure. (3) Recent gov-
ernment efforts aim to address these issues 
by providing technical, legal, and financial 
assistance for selected projects (MinInterior 
2023). However, despite these aids, systemic 
corruption and bureaucratic barriers in con-
tracting processes continue to pose signifi-
cant challenges for CBMM funding in Sucre 
(Transparencia por Colombia 2022).

2.	Violence as a challenge for CBMM. Partici-
pants described the beginning of violence in 
the 1980s with FARC guerrilla groups and 
the escalation of violence with the rise of 
paramilitary groups. These groups murdered 
and forcibly displaced residents of San Ono-
fre, including Rincón del Mar and Berrugas 
(Centro Nacional de Memoria Histórica 
2024), between 1997 and 2005. This led to 
unequal land distribution, continuing even 
after the paramilitary demobilized (Grajales 
2011). Thus, the acquisition of land by new 
landowners, both international and national, 
continues to cause CBMM members to fear 
accessing adjacent mangrove areas.

3.	Although national and international regula-
tions prohibit commercial extractive activities 
or granting rights over mangrove areas (Gobi-
erno de Colombia 2022; Ramsar Convention 
Secretariat 2010), CBMM stakeholders are 
often unaware of them and/or perceive weak 
law enforcement. However, even with strict 
law enforcement, without poverty alleviation 
strategies and alternative livelihood options, 
these measures may not solve ongoing land 
tenure conflicts (Damastuti et al. 2022; Debrot 
et al. 2020). In Sucre, such conflicts are likely 
to persist without shared access rules, clear 
government regulations on community stew-
ardship, effective enforcement, poverty alle-
viation, and dispute resolution mechanisms 
(Eufemia et al. 2020; Walters et al. 2008). 
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Strengthening policy frameworks and improv-
ing institutional coordination could help bridge 
these gaps and enhance CBMM effectiveness.

Our results illustrate how internal challenges 
in CBMM interact with broader structural barri-
ers, including limitations in existing public poli-
cies. Although Colombian policies, such as the 
National Program for the Sustainable Use, Man-
agement and Conservation of Mangrove Ecosys-
tems, Resolución 1263 de 2018, and Ley 2243 de 
2022, aim to support mangrove protection and 
conservation (Table ESM 1), their inconsistent 
implementation has led to stakeholder mistrust. 
This is reflected in discourse 2, where adherents 
strongly perceived CBMM as needing improve-
ment due to the gap between policy intentions 
and enforcement. Taken together, these chal-
lenges underscore the need for a holistic approach 
to CBMM, one that secures long-term financial 
support while integrating socio-economic realities 
into mangrove conservation planning.

Key Opportunities in CBMM

While CBMM faces various challenges, sev-
eral key opportunities identified could strengthen 
effectiveness and long-term sustainability. Some 
of the most significant factors are the role of 
partnerships, Local Ecological Knowledge, and 
gender inclusion, which can enhance community 
capacity and resource management.

1.	Partnerships were identified as crucial for 
CBMM. It is known that the participation 
by intermediaries, or “horizontal synergies,” 
strengthens community leaders’ skills for man-
grove management and restoration (Jusoff and 
Taha 2009; Murcia et al. 2016). However, it 
remains to be assessed how current partner 
organizations specifically impact CBMM in 
Sucre. For example, CBMM project members 
in Tolú, currently engaged with Vida Manglar, 
expressed an overall favorable perception of 
CBMM, suggesting that this partnership may 
be contributing to more effective management 
frameworks. Specific activities within this 
collaboration include training on mangrove 
ecology, compensation for CBMM members 
conducting guided tours and fieldwork, and 
continuous support through regular meetings 
and follow-ups. Care should be taken so that 

partnerships promote effective CBMM without 
undermining community leadership or focus-
ing solely on resource and unemployment 
issues over mangrove ecosystem management.

2.	Local Ecological Knowledge as a Valuable 
Asset. The motivation of community lead-
ers to participate in CBMM, rooted in their 
Local Ecological Knowledge and strong 
sense of belonging, demonstrates the high 
social-ecological adaptive capacity within 
these communities, as also supported by 
Vega-Cabrera et al. (2021). This knowledge 
is particularly critical given the dependence 
of local livelihoods on mangroves for fish-
ing, ecotourism, and other informal economic 
activities. Strengthening synergies between 
Science-based Ecological Knowledge and 
Local Ecological Knowledge could also 
improve CBMM in Sucre, by strengthening 
capacity building and knowledge generation 
though mutual learning (Ruiz-Mallén and 
Corbera 2013). By integrating these insights 
into management practices, communities can 
better address socio-economic and ecologi-
cal challenges, such as ensuring sustainable 
resource use and safeguarding the livelihoods 
that depend on healthy mangrove ecosystems. 
Incorporating this synergy into management 
skills acquisition could be particularly benefi-
cial, as it has been shown to empower com-
munity members, fostering greater acceptance 
and ownership of projects (IDB 2018; Mar-
quez and Olavides 2024).

3.	Role of Women and Education. Increasing the 
involvement of women in CBMM presents a 
significant opportunity to improve public per-
ception of mangroves and address the chal-
lenges of awareness and misinformation about 
mangrove conservation (Dahdouh-Guebas 
et al. 2020). Although women’s participation 
in CBMM in Sucre is currently low, possibly 
due to traditional male associations with man-
grove activities in the Caribbean (such as fish-
ing, honey extraction, and wood harvesting), 
this trend is not unique across all mangrove 
SES. On Colombia’s Pacific coast, women are 
more involved in mangrove-related activities 
(Sánchez-Páez et al. 2002), as has also been 
observed in mangrove harvesting in Cameroon 
(Feka et al. 2011) and Kenya (Ndarathi et al. 
2020). By increasing women’s participation 
in Sucre CBMM and enhancing mangrove 
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education, there is strong potential to boost 
public awareness and support for mangrove 
conservation (Wickramasinghe 2017), central 
challenges identified by participants. In this 
regard, Maya and Ramos (2006) observed that 
in Colombia’s Pacific coast, women’s groups 
have played a key role in driving conservation 
efforts, particularly through social cohesion 
and internal agreements that enhance compli-
ance with conservation strategies, often without 
the need for external enforcement. While this 
does not diminish the role of men in CBMM, 
it highlights the potential benefits of fostering 
more inclusive participation in mangrove con-
servation initiatives. Therefore, future studies 
could further examine this gender gap and its 
implications for mangrove conservation efforts 
in Colombia’s Caribbean coast.

Mangrove Cover and Drivers

While identifying challenges and opportuni-
ties from stakeholder perspectives is crucial for 
improving CBMM, understanding broader envi-
ronmental trends is equally essential. Examining 
mangrove cover change offers valuable insights 
into the pressures these ecosystems face and the 
effectiveness of conservation efforts. The data 
revealed significant shifts in mangrove extent 
and was consistent with previous reports, with an 
annualized net loss of 0.24%, slightly lower than 
Colombia’s 0.38% rate (Murillo-Sandoval et al. 
2022). However, Rincón del Mar AOI had a higher 
annualized net loss of 0.53%. This rate exceeds 
the national average of 0.38%, some regional 
rates (Friess et al. 2019), and the global average 
of less than 0.4% (Friess et al. 2020b). The sig-
nificant loss of mangroves in the Rincón del Mar 
AOI, which has experienced a perceived increase 
in tourism (Fig. 4), is consistent with urban and 
tourism expansion as major drivers at regional, 
national (CVS and INVEMAR, 2010; Gómez-
Cubillos et al. 2015; Sánchez-Paez et al. 2002), 
and global levels (Goldberg et al. 2020). While 
global reports highlight land conversion to agri-
culture and aquaculture as a major driver of man-
grove change (Goldberg et al. 2020), this was less 
prevalent in the studied sites, with urban expan-
sion being more commonly mentioned by partici-
pants. Selective harvesting was also perceived as 
a significant driver of mangrove loss, likely due 

to its close association with the other two drivers, 
urban (domestic) and tourism expansion.

In addition to selective harvesting, land rec-
lamation has been frequently cited as a major 
driver of mangrove degradation, despite legal 
protections aimed at preventing such practices 
in Colombia (Gobierno de Colombia 2022). 
This phenomenon is well-documented (CVS 
and INVEMAR 2010), and its impact is known 
(Numbere 2020). Furthermore, mangrove land 
reclamation exemplifies ocean grabbing, a 
broader phenomenon in which shifts in the con-
trol and allocation of ocean territories under-
mine coastal livelihoods at multiple scales 
(Bennett et al. 2015). Globally, ocean grabbing 
through mangrove land reclamation has intensi-
fied land tenure conflicts, jurisdictional disputes, 
and weak enforcement mechanisms, hindering 
conservation efforts (Bosire et al. 2008; Van 
Lavieren et al. 2012; Jusoff and Taha 2009). In 
Sucre, this process has exacerbated conflicts 
between locals and foreigners, directly threat-
ening mangrove conservation and community-
based management.

Despite the losses, nearly 92% of the man-
grove cover persisted, with a 14.4% increase 
helping to offset a 22.6% loss. Private protected 
areas, such as Sanguaré and Balsillas, showed 
visual trends of persistence and gain, reinforcing 
their role as strong conservation tools (Leal and 
Spalding 2022), likely contributing to the over-
all mangrove cover persistence. This is however 
not a global trend and protected areas on private 
lands have been shown to be at risk elsewhere 
(Heck et al. 2024). Notably, participants unani-
mously perceived mangrove loss, likely because 
most were community leaders from AOIs with-
out net mangrove gain. The only sites with a pos-
itive balance, Sanguaré and Balsillas, were out-
side the interviewed areas, highlighting a spatial 
disconnect between net mangrove cover gains 
and community-led efforts. This also under-
scores unresolved land tenure conflicts between 
public and private mangrove areas, emphasizing 
the need for clearer tenure rights and stronger 
mangrove protection. In this context, CBMM 
organizations in Sucre face significant chal-
lenges in restoring and conserving mangroves 
in unprotected areas, particularly against the 
pressures of hotel and domestic development, 
the main drivers of mangrove loss in Sucre.
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While these findings highlight the resilience 
of mangrove ecosystems in some areas, further 
investigation is needed to understand the histori-
cal and socio-political factors influencing these 
trends. Future studies could assess the impact 
of historical events on mangrove cover change, 
namely, the expansion of urban expansion dur-
ing the post-conflict period in Sucre (Centro 
Memoria Histórica 2024). This violence, par-
ticularly forced displacement by paramilitar-
ies in the 2000s, may have exacerbated urban 
expansion, as noted by participants and reported 
in other forests in Colombia (Murillo-Sandoval 
et al. 2022; Forensic Architecture and The Com-
mission for Truth and Reconciliation 2021).

Recommendations for CBMM

To strengthen community-led mangrove man-
agement practices, it is advisable to enhance 
capacity building through knowledge sharing, 
education, and training on administrative skills 
such as project proposal writing and financial 
literacy. This approach can help ensure sus-
tained funding availability for CBMM project 
continuity. Additionally, to improve mangrove 
conservation and restoration strategies, it is 
essential to strengthen the integration of Local 
Ecological Knowledge with Scientific Ecologi-
cal Knowledge (cf. Grimm et al. 2024). Bridging 
the knowledge of community members and aca-
demia can enhance CBMM effectiveness while 
emphasizing the cultural and economic signifi-
cance of mangroves, particularly their role in 
providing non-timber forest products.

Another key consideration is the promotion 
of women’s involvement through financial and 
educational programs, as well as their active 
participation in mangrove-related activities. This 
can help address the current gender gap while 
expanding the use of ethnobotanical resources, 
such as medicinal plants and sustainable har-
vesting practices. Integrating ethnobotanical 
knowledge, customs and local practices into 
these initiatives can strengthen the communi-
ty’s connection to mangroves and enhance their 
long-term stewardship of these vital ecosystems.

Finally, addressing structural and systemic chal-
lenges through policy to improve education, access 
to basic services, employment opportunities, and 
corruption surveillance is crucial. Strengthening 
policy frameworks and improving institutional 

coordination could help bridge governance gaps, 
ensuring clearer regulations on community stew-
ardship and more effective enforcement. Suc-
cessful CBMM models in Mexico and Sri Lanka 
demonstrate how policies that integrate local com-
munities and their livelihoods enhance mangrove 
conservation (IDB 2018; Wickramasinghe 2017). 
Applying similar approaches in Sucre could align 
conservation strategies with poverty alleviation, 
reduce land tenure conflicts, and foster more sus-
tainable CBMM efforts.

Conclusions

This study analyzed Community-Based Man-
grove Management (CBMM) in Sucre, Colom-
bia, identifying key stakeholder perceptions 
and assessing land cover trends. CBMM refers 
to mangrove conservation and restoration prac-
tices involving active participation and decision-
making by local communities. Two primary dis-
courses emerged from the analysis, highlighting 
the main advances and ongoing challenges faced 
by CBMM initiatives in the region.

Positive aspects identified in CBMM in Sucre 
include existing partnerships, human capital, and 
the integration of Local Ecological Knowledge 
into management practices. These strengths are 
critical for fostering resilience and supporting 
collective action aimed at conserving mangroves, 
which are essential ecosystems providing ecologi-
cal, economic, and cultural benefits, especially to 
coastal communities. However, significant internal 
and external challenges persist. Internally, issues 
such as limited administrative capacity and a lack 
of sustainable, long-term funding hinder effective 
management and continuity. Externally, structural 
challenges include insufficient governmental sup-
port, unresolved land tenure conflicts, ongoing 
mangrove habitat loss, and socio-environmental 
tensions linked to urbanization and tourism pres-
sures, particularly evident in areas like Rincón del 
Mar. These challenges underscore the urgent need 
for reinforcing traditional management practices 
and ensuring their sustainability.

A clear relationship was found between 
stakeholders’perceptions of CBMM effective-
ness and actual mangrove cover trends. Stake-
holders identified urban and tourism expansion 
as major drivers of mangrove loss, consistent 
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with higher loss rates in areas like Rincón del 
Mar. These findings underscore the need for 
comprehensive management strategies that 
address socio-economic pressures. By align-
ing stakeholder perceptions with land cover 
data, this study highlights the importance of 
integrating local knowledge into mangrove 
management practices.

The findings of this study contribute to 
broader discussions on CBMM at both national 
and global levels, highlighting common chal-
lenges such as securing long-term funding, 
developing conflict resolution mechanisms, 
increasing public support, integrating ecosystem 
management approaches, strengthening political 
commitments, ensuring effective law enforce-
ment, and enhancing stakeholder partnerships. 
Furthermore, the study reaffirms the value of 
ethnobotanical and cultural perspectives in guid-
ing sustainable mangrove management, stressing 
the importance of these ecosystems not only for 
biodiversity conservation but also for preserving 
cultural identities and local livelihoods.

Given the dynamic socio-environmental con-
text, periodic evaluations of stakeholder per-
ceptions are crucial for effective and adaptive 
CBMM strategies. This research thus offers 
valuable insights for policymakers and practi-
tioners aiming to support sustainable mangrove 
management practices that are inclusive, cultur-
ally relevant, and ecologically effective.
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