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Introduction: The mangrove ecosystems are crucial marine ecosystems,
providing various ecological and economic benefits to local communities. This
study aims to analyze the influence of household socio-economic profiles on
mangrove ecosystems resources in Benin.

Methods: Based on semi-structured interviews, 464 households were surveyed
in 73 localities. The Specific Multiple Correspondence Analysis (spMCA)
combined with Hierarchical Ascendant Classification (HAC) was used to analyze
the socio-economics, demographics, and environmental data collected. The
priority scores of the surveyed households were used to perform the influence
of households to mangrove resources by coupling HAC to Principal Component
Analysis (PCA).

Results: Five household categories (labeled CM1-CM5) were identified. They
represent varying levels of vulnerability, access to resources, and modes of
mangrove resource use. The household of CM1 are highly dependent on
mangrove resources and distributed proportionally across the study sub-sectors
whereas the CM5 household are the most vulnerable, located around the
biosphere reserve, and facing land tenure insecurity, extreme poverty, and
significant pressure on mangrove ecosystems. The household categories are
strongly influenced by the dependency on biosphere reserve resources and
sociolinguistic affiliation. The gender and education level play a secondary
role on household categories structuring. Five groups of pressure factors on
the mangroves were associated with the different household categories. Salt
farming, wood cutting, and backfilling of waterways are predominant for CM1,
CM2, CM3, and CM5. Land overexploitation, depletion of fishery resources, and
climatic factors are the mainly determinants for CM4 and CM5. Land conflicts
and declining agricultural yields are also mentioned by CM5.

Conclusion: These results highlight the need for differentiated mangrove
management strategies, tailored to the specific socio-economic characteristics
of the households. Co-management, reforestation, and awareness-raising
activities, represent strategic targets for sustainable conservation policies.
Also, specific support measures, including the development of sustainable
economic alternatives and improved access to basic services are needed. Taking
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this typology into account would improve the effectiveness and equity of
environmental policies related to mangrove management.
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1 Introduction

Mangrove ecosystems are in tropical and subtropical coastal
zones worldwide (Ho and Mukul, 2021). It is widely accepted
that these forests are crucial in maintaining biodiversity, providing
essential goods and services (Duke and Schmitt, 2015), and
protecting coastal areas in West Africa (Teka et al., 2018). Recent
studies have provided scientific evidence of the contribution of
these forests to improving energy efficiency, for example, by
providing low-cost firewood for local households (Adanguidi et al.,
2020), enhancing agricultural productivity by supplying nutrients
and forage for livestock and crops (Ahouangan et al, 2022;
Mohammad Abdullah et al., 2016; Ameen and Al-Homaidan,
2021). These ecosystems thus play an essential role in reducing
community vulnerability to natural disasters and economic crises
(Begum et al., 2021). On a global scale, the collective economic
value of mangrove ecosystem services has been estimated at 1,940
USD per km? per year, giving a global value of 2,700 billion USD per
year (Barbier, 2016). Among these services, carbon storage plays
a major role. Around 11.5 billion tons of carbon are stored by
blue carbon ecosystems, with mangroves representing the largest
reservoir at 6.5 billion tons (Sitkamiki et al., 2013).

The economic values of mangroves vary according to
regional contexts, reflecting local ecological and socio-economic
specificities. In West Africa, mangroves produce ecosystem
services worth between 300 million and 1.35 billion USD every
year (Spalding et al, 2010). For example, in Benin, a recent
study identified 29 ecosystem services (ES), with regulating and
recreational services as the main contributors to the total annual
economic value (vet), estimated at 1.29 billion USD, or 195,223.69
USD/hectare (Sinsin et al., 2023). Carbon sequestration potential
is also a significant source of income. In the Djilor region of
Senegal, mangrove stands have shown an average value of 24.70
tons of carbon per hectare. This carbon stock is associated with an
economic value of 2.38 billion F CFA, likely to be valued on carbon
markets as additional income in the context of poverty reduction
initiatives (Gomis et al., 2023).

In Asia, the Sundarbans mangroves provide a diversity of
services (fishing, honey, crab, fuelwood, timber, and tourism),
supporting around 20 million inhabitants (Uddin et al., 2013). In
Egypt, the value of ecotourism in mangroves reaches up to 130.000
USD per hectare per year (Spurgeon, 2002). On a national or local
scale, some specific assessments highlight the direct contribution of
mangroves to meeting energy needs. In Ghana, the economic value
of mangroves as a source of fuelwood has been estimated at 2.765
USD/ha (Ajonina et al., 2014).

Mangroves act as effective carbon sinks, capturing carbon
dioxide from the atmosphere and storing it in their soil, plants, and
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other sediments, thus contributing to climate change mitigation
(Kauffman et al., 2020). In Benin, mangroves play a crucial role
in the livelihoods of local communities by providing essential
resources such as firewood, construction wood, and fishery
products such as fish and shellfish (Dainou et al., 2008; Orekan
et al, 2019). Despite the foregoing crucial role of mangrove
ecosystems, there has been a significant deterioration of these
resources in recent decades, mainly due to anthropogenic pressures.
Between 1986 and 2022, the area of mangroves in Benin decreased
from 5117.2 to 3052.4 ha, with an estimated loss of 40.30%
(Kochoni et al., 2025).

As reported by Padonou et al. (2021), the area covered by West
African mangroves has decreased significantly, approximately by
30%, over the past 25 years. In Benin Republic, a country situated
on the Atlantic coast of northwest Africa, mangrove ecosystems
are experiencing considerable strain as a result of overexploitation,
increasing human population, and rural expansion (Teka et al,
2018). The intensive fishing and unregulated collection of shellfish
and mollusks have compromised the reproduction of aquatic
species, jeopardizing the sustainability of local economic activities
in the country (Gnansounou et al, 2022). The expansion of
agriculture and uncontrolled urbanization also contribute to the
deforestation of mangroves, converting these areas into rice
fields, salt farms, or residential spaces (Orekan et al, 2019
Agoungbome et al, 2020). In addition to the anthropogenic
pressures, climate change is affecting the natural regeneration
of mangrove ecosystems by altering water salinity, causing sea-
level rise, and intensifying coastal erosion. Unfortunately, climate
changes are anticipated to significantly affect the mangrove
ecosystems in the country (Sinsin, 2021; Teka et al., 2018). The
overexploitation of current mangrove ecosystems, combined with
anticipated climate change, may increase the vulnerability of local
communities and affect their means of living, as many coastal
inhabitants in the country rely on these forests for their basic needs
and income.

In many countries in Africa, mangrove ecosystems decline
as a result of human and climate interferences have serious
implications for the means of living of the local communities
(Aheto et al., 2016). As argued by Ntibona et al. (2022), there
is a fundamental link between the means of living of the local
communities and the advanced degradation of mangrove forests.
In Tanzania, for instance, mangrove ecosystem degradation is
associated with socioeconomic factors such as the residence time
of household, household size, and household main occupation
(Nyangoko et al., 2022). The understanding of the influence of the
socioeconomic profile of households has reduced income inequality
in Sundarbans, Bangladesh (Mohammad Abdullah et al., 2016)
and enhanced the active participation of local communities in
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conserving resources and improving their livelihood (Nchimbi
and Lyimo, 2019) in Zanzibar, and enriched policy knowledge
on the interaction between local communities and mangrove
ecosystems in the Pangani River Estuary in Tanzania (Nyangoko
et al., 2022). In Benin Republic, where mangrove ecosystems are
not exempted from anthropogenic pressures, the understanding of
the socio-economic factors influencing the use and management
of mangrove resources remains insufficiently studied. This study
aims to identify the socioeconomic and demographic profile of
households influencing their use of mangrove resources.

2 Material and methods
2.1 Study area

The Benin coastline (6°10"-6°40’'N and 1°40'-2°45'E) covers
8,692 km?2, ie. 7.70% of the national territory (Orekan et al.,
2019). It is located in the Guineo-Congolese zone. The climate is
sub-tropical with a bimodal precipitation distribution. The mean
annual rainfall and temperature recorded were 1,300 mm and 33°C,
respectively (Oyede et al,, 2022). Soils are mainly undeveloped
soils, vertisols, tropical ferruginous soils, hydromorphic soils and
ferralitic soils. The density of population was estimated to 230
inhabitants/km?. Mangrove ecosystems, which are found along the
coast, are not exempted from such anthropogenic pressures (Teka
et al., 2018). This high density puts heavy pressure on coastal
natural resources, particularly mangrove swamps. Moreover, the
coastline represents the economic hub of the Benin Republic,
bringing together a diverse group of people living and sustaining
their livelihoods through agriculture, fishing, and salt farming
(Plaiphum and Tansuchat, 2022) (Figure 1).

2.2 Sampling process for the household
survey

In southern Benin, mangrove ecosystems extend across
35 districts and 12 municipalities. These districts are further
subdivided into 1,855 localities, including 828 hamlets, 179 villages,
and 857 neighborhoods (INSAE, 2015). Moreover, the geographical
coordinates of each locality (hamlet, neighborhood, and village)
were extracted from the geospatial database of the Benin National
Geographical Institut (IGN).

2.2.1 Mangrove ecosystems boundaries
delineation

The data published by Giri et al. (2010) were combined with
current mangrove occurrence data and Google Earth images to
delineate mangrove ecosystems using photogrammetric analysis.

2.2.2 Selection of surveyed localities

The selection of surveyed localities was conducted through
successive filtering based on their proximity to mangrove
The that
communities located closer to mangroves exert a more direct

ecosystems. fundamental assumption was local
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influence on its resources. To assess proximity, haversian method
was used. This enabled us to estimate the geographical distance
of each locality from the mangrove ecosystems (Karney, 2013).
The discretization method base on quantile was used to categorize
this geographical distance. The distance threshold used to select
localities is the first quartile (Qas%). Thus, 481 localities (203
hamlets, 58 villages, and 220 urban districts) with a distance
less than or equal to the first quartile (Qas9, = 971.50 m) were
initially selected. Subsequently, the value of Q59 was rounded to
1,000 m for further analysis. Buffer zone of 1km created around
the mangrove ecosystems. Tessellation process was applied to mesh
the entire mangrove ecosystems with 1km grids. The number
of localities per grid was calculated, and the density of localities
was estimated per square kilometer. A second filtering step was
performed base on the fact that “the density of localities must
be one per square kilometer.” To this, the discretization method
base on quantile was again used. Only localities within the first
quartile (Qa59 = 315 m) of proximity to the mangrove ecosystems
were retained. Thus, 121 localities (57 hamlets, 19 villages, and
45 districts) were selected. These localities were grouped into 87
plot units (1 km? grid cells). In each plot, the locality closest to
the mangrove ecosystems was selected to ensure one locality per
square kilometer. This process ultimately resulted in 73 selected
localities for socio-economic surveys. These selected localities are
distributed across 53 administrative villages.

2.2.3 Determination of sample size

The households considered in this study are those whose
activities have a direct or indirect impact on mangrove ecosystems.
Households were selected from the identified localities using a
simple random sampling technique. The 73 selected localities
are distributed across 53 administrative villages, which are home
to a total of 2,512 farming households (INSAE, 2015). Among
these, 1,003 farm households were noted in the selected localities,
representing 39.93% of the total farm households in the studied
villages. To determine the sample size (1) of farm households to
be surveyed, the formula of Dagnelie (1998) was applied, assuming
a normally distributed population. The proportion (p) of farm
households in the selected localities was associated with a margin
of error (d) of 5%, resulting in an estimated sample size of 383,775
~ 384 farm households. After adjusting for proportional weighting
and rounding, the final number of surveyed farm households was
set at 417. The number (1,) of households surveyed was calculated
as follows:

p(l _p) X Ulz—ot/Z
d2

1)

Ny =
Uf_a n = 1.96% (for & = 0.05); p: proportion of households

surveyed; d: marginal error set at 0.05.

2.3 Data collection
2.3.1 Household interviews

The semi-structured interviews were conducted from January
to March 2024 using the KoboCollect digital tool (KoBoToolbox,
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FIGURE 1

Map of the study area showing the study site and the localities where the survey took place.
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2023). A total of 464 head of households were interviewed trough
the localities selected in the study area. The head of household
is described as “individual male or female who is in charge of the
main decision-making regarding the household” (Pol et al., 2004).
For each household considered in this research, we interviewed
the head or the representative using a questionnaire developed in
French and discussed in four local languages, Fon, Goun, Adja,
and Xweda. A local young translator was recruited in the study
area to assist in translating the questionnaire to the participants.
Prior to the interview, we explained the study objective to the
participants, and oral consent was given before their participation.
The information collected included the demographic, socio-
economic and environment characteristics of households the;
the activities carried out by the households; the financial trends
and economic interactions of the households. This information
was specifically aimed for better understanding the profile of
households, the influence of household structuring factors and the
socio-environmental determinants.

2.3.2 Direct observation
It consists of geographic coordinates of the households
recording, photos illustrating the pressures on the mangroves
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and the survey of agricultural plots based on the declarations of
the respondents.

2.4 Data analysis

2.4.1 Household typology and description
2.4.1.1 Household typology

The household typology was based on 29 variables (12
quantitative and 17 qualitative variables) covering several
characteristics, including demographic, socio-economic,
production and proximity factors. Due to the high skewness
displayed by the distribution of 85% of the quantitative variables, a
discretization was performed on each of them using Jenk’s method
(Jenks, 1967). This analysis made it possible to transform these
variables into ordinal qualitative variables in order to fully integrate
them into the household typification process. A specific multiple
correspondence analysis (spMCA) (Robette, 2023) was performed
on the matrix formed by the households and the preceding
factors. The MCA was then coupled with a Hierarchical Ascending
Classification (HAC) to better categorize the households into the
homogeneous groups. Several factorial maps were created using

the most relevant factors. For this study, these factors are those
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TABLE 1 Correlation of the modalities of structuring factors on factorial
axis 1 and 2.

Variable Modality Factorial axis 1 = Factorial axis 2
cor p P
MFO YES 0.777 0.0000 0.007 0.2000
NO —0.777 0.0000 —0.007 0.3000
TEE 0-4 0715 0.0000 0357 0.0000
Avr—13 —0.409 0.0000 0.07 0.0000
13-26 —0.232 0.0000 —0.142 0.0000
26-60 —0215 0.0000 —0.499 0.0000
EAME ADE 0.637 0.0000 —0.054 0.1000
AMCE —0.61 0.0000 0.18 0.0000
AIE —0.087 0.0000 —0.176 0.0000
LHP YES 0.584 0.0000 —0.459 0.0000
NO —0.584 0.0000 0.459 0.0000
TPA 0-1.3 —0.591 0.0000 0355 0.0000
1.3-34 0.545 0.0000 —0.117 0.0000
3.4-8.1 0.206 0.0000 0239 0.0000
8.1-20.1 —0.079 0.0000 —0.414 0.0000
TVG 0.15-160 —0.738 0.0000 —0.191 0.0000
160-400 0.539 0.0000 0276 0.0000
400-800 0411 0.0000 —0.052 0.0000
800-1,600 0.042 0.0000 —0.112 0.0000
AAI 2.5-40 0.425 0.0000 0.642 0.0000
40-125 —0.429 0.0000 —0.494 0.0000
125-350 —0.047 0.3000 —0.302 0.0000
350-700 0.022 0.2000 —0.147 0.0000
HZ Ol-avr —0.223 0.0000 0.566 0.0000
04juil 0.239 0.0000 —0.124 0.0000
07-nov —0.048 0.2000 —0.403 0.0000
>11 0.03 0.2000 —0.225 0.0000
AGE 25-32 —0.257 0.0000 0502 0.0000
32-43 0.113 0.0000 0.075 0.1000
43-56 0.165 0.0000 —0.112 0.1000
56-79 —0.048 0.2000 —0.447 0.0000

cor, correlation coefficient; p, significance probability.

with a correlation ratio of at least 25% with the factor axes. The
coefficient of information conservation (R?) was used to assess the
explanatory power of the HAC.

2.4.1.2 Descriptive analysis

To compare quantitative variables across different household
categories, the median test with multiple comparison (Conover,
1999) was used at 5% significance level. This test was selected to
handle the skewness and the existence of outliers in these variables’
distribution. To test dependency between qualitative variables and
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household categories, the Fisher exact test (Agresti, 2002) was used
with a Monte Carlo simulation (10,000 iterations) at 5%.

2.4.2. Influence of structuring factors on
households’ distribution
2.4.2.1 Influential structuring factors

To identify these factors, ellipses centered on mean point
and encompassing 86% of households of their modalities were
constructed. The typicality test enabled the identification of
modalities that have a significant effect on the organization of
households (Le Roux and Rouanet, 2004). A modality—mean point
of households distribution—is considered atypical when this test
presents a low combinatorial probability at 5% significant level.
Following this, the homogeneity test was performed to determine
the independence of household subgroups. Two household
subgroups represented by two different modalities are distinct
when the probability values of the test are closed to zero at 5%.

2.4.2.2 Structuring factors relationship

The relationship between structuring factors and household
categories was tested using Fisher’s exact test at 5% level. The
intensity of this relationship was apprehended and tested on the
basis of Cramer’s V statistic. Interpretation of V values followed
Lovakov and Agadullina (2021).

2.4.3 Analysis of socio-environmental
determinants

To categorize socio-environmental determinants that affect
the integrity of mangrove ecosystems, a Hierarchical Ascending
Classification (HAC) was performed using Euclidean distance and
Ward method (Ward, 1963). It was based on the priority scores
matrix of the surveyed households. The information conservation
coefficient (R?) was used to assess the quality of this classification.

To describe the homogeneous classes of determinant derived
from the CAH, a Principal Component Analysis (PCA) was
performed with the household categories. These classes of
determinant were then projected onto the PCA axis system. The
first two components were chosen for their ability to account for
most of the variance contained in the score matrix.

All these analyses were performed in R 4.4.1 (R Core Team,
2024; https://cran.r-project.org/bin/windows/base/old/4.4.1/).

3 Results

3.1 Household typology around mangrove
ecosystems

3.1.1 Relationship of households’ characteristics
and factorial axis

The first two axes of the spMCA explained 93.55% (Axis
1: 73.97%; Axis 2: 19.58%) of the variations in the socio-
of households
surrounding mangrove ecosystems (Figure2). The variables

economic and demographic characteristics

with highest correlation ratio (eta?) on axis 1 are Total
value of goods owned (TVG), Total plot area (TPA), Total

frontiersin.org
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TABLE 2 Contribution of the modalities to the formation of the first two factorial axes.
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Variable Modality Quality of Contribution Contribution Total Cumulative Contribution to Proportion of
representation (left) (right) contribution contribution deviation variable
Axis factorial 1
MEFO YES 0.604 - 13.53 18.85 18.85 18.85 100.00
NO 0.604 532 -
TVG 0.15-160 0.545 5.97 - 17.60 36.45 17.21 97.50
160-400 0291 - 6.79
400-800 0.169 - 4.84
EAME ADE 0.405 - 5.89 13.54 49.99 1351 98.29
AMCE 0372 7.65 -
TEE 0-4 0512 - 9.87 13.38 63.37 1232 76.84
avr—13 0.167 3.51 -
TPA 0-1.3 0.350 3.69 - 10.79 74.16 10.70 87.85
1.3-3.4 0297 - 7.09
LHP YES 0341 - 5.25 10.64 84.80 10.64 100.00
NO 0341 539 -
AAT 40-125 0.184 4.12 - 412 88.92 412 66.82
Axis factorial 2
AAI 2.5-40 0412 - 6.74 18.96 18.96 1857 93.05
40-125 0.244 8.20 -
125-350 0.091 4.02 -
AGE 25-32 0252 - 9.33 16.54 35.50 1651 96.25
56-79 0.200 7.22 -
HZ 0l-avr 0321 - 10.07 16.14 51.64 15.16 80.50
07-nov 0.162 6.07 -
TEE 0-4 0.127 - 3.68 14.16 65.80 14.11 93.59
26-60 0.249 1048 -
LHP YES 0210 4.86 - 9.85 75.65 9.85 100.00
NO 0210 - 4.99
TPA 8.1-20.1 0.171 7.91 - 7.91 83.56 7.91 61.65
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Dendrogram of the ascending hierarchical classification of the five household categories.
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energy expenditure (TEE), Member of a professional farmers’
organization (MFO), Location of household plots reported to
mangrove ecosystems (LHP) and Effects of activities on mangrove
ecosystems (EAME) while those with highest correlations
on axis 2 are Household size (HZ), Average annual income
(AAI), and Age of household decision-maker (AGE) (Figure 3,
Supplementary Table 3).

The correlation values of the variables’ modalities are ranged
from —0.777 and 0.777 (p = 0.000) on axis 1. The modalities
MFO.YES, TEE.0-4, EAME.ADE, LHP.YES, TPA.1.3-3.4, and
TVG.160-400 have a strong positive and significant correlation
(p = 0.000) with axis 1. However, the modalities MFO.NO,
EAME.AMCE, LHP.NO, TPA.0-1.3, and TVG.0.15-160 show a
strong negative and significant correlation (p = 0.000) with
axis 1 (ADE, activities with direct effects; AMCE, activities with
mixed or complex effects; Table 1). These different modalities
contribute 88.92% to the formation of axis 1. Modalities on the
positive side of the axis contributed to 53.26%, while those on
the negative side contributed to 35.66%. The modalities as a
whole account for 66.82%—100% of the information contained
in the variables from which they are derived. The loss of
information relative to their deviation on the axis is very low
(0%—1.06%). The variables MFO, LHP, TVG, EAME and TPA
have a very high contribution to the formation of the axis
(85%—100%). The contributions of TEE and AAI are also above
50% (Table 2).

The correlation values of the variables’ modalities are ranged
from —0.499 and 0.642 (p = 0.000) on axis 2. The modalities
AAI2.5-40, HZ.1-4, and AGE.25-32 show a strong positive
and significant correlation with axis 2. However, the modalities
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TEE.26-60, AAIL.40-125, AGE.56-79, TPA.8.1-20.1, and HZ.7-11
have a moderate negative correlation with axis 2 (Table 1). These
modalities with a moderate to strong correlation with axis 2
contribute 83.56% to the formation of the latter. The contribution
of modalities located on the positive side of the axis is estimated
at 48.76%, while that of modalities located on the negative side
of the axis is 34.80%. On this axis, these modalities account for
61.65%—100% of the information contained in the variables from
which they are derived. The loss of information relative to their
deviation on the axis is also very low (0%—0.98%). Variables such as
LHP, AGE, TEE, AAI and HZ contribute strongly to the formation
of axis 2 (80%—100%). However, the contribution of TPA is over
60% (Table 2).

3.1.2 Description of the category of households
around mangrove ecosystems

The combination of specific Multiple Correspondence Analysis
(spMCA) and Hierarchical Ascending Classification (HAC)
enabled us to group households into five main categories (Figures 4,
5). The dendrogram obtained from HAC shows the homogeneous
clusters, represented by colored branches. Each category (cluster)
was associated to one color which is the same on the Figures 4,
5. The total variance retained when grouped households into
five categories was estimated to 79.39% (pseudo-R?). This
classification helps synthesize the profiles of the households in the
study area.

The five categories of households (CM) were identified and
labeled 1-5 on the Figure 5. For description, these categories
of households were labeled as CM1, CM2, CM3, CM4, and
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FIGURE 5
Distribution of household categories in the factorial plane 1-2. Each dot represents a household.

CMS5. The category of households (CM4) is positively related to
axis 1, and opposed to the other four categories on this axis
(Figure 5). The category of households (CM1) is opposed to
CMS5, positioned in the negative part of axis 2. The category of
households (CM3) is almost at the center of the factorial plane
1-2. The category of households (CM2) is relatively close to
the center of the plane, and opposed to CM1 on axis 2. There
is significant socio-economic and socio-demographic diversity
among these groups, especially regarding AGE (age), household
size (HZ), average annual income (AAI), total value of goods
owned (TVG), total energy expenditure (TEE), and total plot
area (TPA).

The category CM1, which accounts for 25.65% of households,
includes small families with modest earnings and a minimal impact
on mangrove ecosystems. The category CM2, representing 31.25%
of households, consists of larger families and older heads of
households and shows a direct impact on mangrove ecosystems,
along with higher incomes. The category CM3, comprising 12.28%
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of households, has moderate earnings and a mixed impact on
mangrove ecosystems. The category CM4, encompassing 28.45%
of households, is defined by larger household sizes, significant
engagement in mangrove management, and steady incomes. Lastly,
the category CMS5, the smallest group at 2.37%, is made up
of large, elderly families with a considerable direct impact on
mangrove ecosystems and notably higher incomes. The categories
CM1 (25.65%) and CM3 (12.28%) have a minimal impact on
mangrove ecosystems due to their low economic reliance on
the ecosystems. Yet, the category CM3 has a lower annual
income compared to CMI1. Conversely, the categories CM2
and CM4, representing nearly 60% of households, put direct
pressure on mangroves through their activities, despite often
having modest incomes, particularly in the case of the category
CM4. Although not widely represented (2.37%), the category
CMS5 achieves higher income levels through more intensive
exploitation of mangrove resources, resulting in a significant
ecological impact.
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The description of household’s categories by the original
variables revealed that the quantitative variables selected show
a statistically significant difference between household categories
at 5% level (Supplementary Table4). As for the qualitative
variables, they all show a statistically significant dependence
on household categories. The intensity of this relationship is
strong with the MFO and LHP variables, but moderate with
the EAEM.

3.2 Influence of structuring factors on
household categories

Four potentially structuring factors were used in the analysis:
sector, sociolinguistic group (SLG), gender, and education level
(LOE). Figure 6 shows the relationship between these structuring
factors and the factorial plane. The sector and GSL are related
to both factorial axes, with their categories generally distributed
across the northeast and southeast quadrants. In contrast, gender
and education level are more closely associated with axis 2 than
with Axis 1. Regarding gender, women are positioned in the
upper part of the plane, while men are located in the lower part.
As for education level, individuals with no formal education are
situated at the origin of the plane, progressing toward those with
a university-level education as one moves toward the positive side
of axis 2.

The sector strongly associated with axis 1, explains 41.30%
of household coordinates variance. It is followed by the SLG,

10.3389/focsu.2025.1585622

which explained 21.70% of household coordinates variance. The
Gender and LOE factors weakly associated with axis 1, explain
respectively 3 and 2.40% of household coordinates variance. On
axis 2, the percentage of household coordinates variance explained
by the SLG is 32.70%, compared with 30.30% for the sector
factor. The Gender and LOE factors are always very weakly
associated with axis 2, and explained respectively 4.30 and 3.60%
of household coordinates variance. The correlation of modalities
with factorial axes (Supplementary Table 5), revealed that the
Sector.NRB (NRB, non-biosphere reserve) modality has a strong
positive and significant correlation with axis 1 at the 5% level. This
modality is opposed to the Sector.RBVO (RBVO, biosphere reserve
of lower “Ouémé” Valley, r = —0.524; p = 0.000) and SLG.GoEA
(GoEA, Goun and related groups, r = —0.462; p = 0.000) modalities.
These two modalities also have a strong negative and significant
correlation with axis 2.

The level of education has relatively modest influence on
households’ category structure. A slight shift is noted between the
concentration ellipses of educational level modalities. However,
it is much more pronounced between “secondary” and the
others (Figure 7A). The typicality test reveals that “none,
“secondary” and “university” sub-clusters are not significantly
different from household population on axis 1. On axis 2,
the mean points of “primary” and “university” sub-clusters do
not differ significantly from the reference mean point of the
household population (Supplementary Table 6). The homogeneity
test shows that “none,” “primary,” and “secondary” sub-clusters
are significantly distinct on both axes (Supplementary Table 7).
However, “secondary” and “university” sub-clusters are not totally

—-4LOE.University SLG.YoEA
Sector.RBM N R
N SLG.AJEA
LOE.Secondary
SLGFoEA Sector.NRB
& Gender.Female i
LOEN LOE.Primary
None ~
Gendet.Male
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@
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i
-1.0 05 0.0 05 1.0
Dim 1 (73.97 %)
FIGURE 6
Distribution of structuring factors in factorial plane 1-2. SLG, Sociolinguistic groups; AdEA, Adja and related groups; GoEA, Goun and related groups;
FOEA, Fon and related groups; YOEA, Yoruba and related groups; NRB, Non-Biosphere Reserve; RBVO, Biosphere reserve of lower "Ouémé” Valley;
RBM, Biosphere reserve of mono; LOE, Level of education.
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distinct at 5% level. The influence of gender is relatively modest
on households’ category structure. The female-headed and male-
headed households forming distinct sub-clusters across both axes
(Figure 7B). The results of the typicality test show that the
mean points of men and women sub-clusters are significantly
different from household population on both factorial axes
(Supplementary Table 6). The homogeneity test reveals that women
sub-cluster is significantly distinct from that of men on both axes
(Supplementary Table 8). The sociolinguistic groups have also a
strong influence on households’ category structure. The Figure 7C
indicates a transition between GoEA (Goun) sub-cluster and those
of other SLGs. The GoEA sub-cluster is positioned in the southwest
quadrant, whereas the AAEA, FOEA, and YoEA are situated in the
northeast quadrant of factorial plane 1-2. The typicality test reveals
that only the mean points of YoEa sub-cluster does not deviate
significantly from the origin point of the household population
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on axis 1 at 5% level (Supplementary Table 6). The results of
homogeneity test show that there is a significant distinction
between the GoEA sub-cluster and others (AdEA, FoEA, and
YoEa) on both factorial axes (Supplementary Table 9). However,
AdEA, FoEA, and YoEa sub-clusters are not significantly distinct
at the 5% on either axis. The sector factor has a very strong
influence on household population (Figure 7D). The mean points
of NRB, RBVO and RBM sub-clusters are located in three different
quadrants of the factorial plane. These mean points are significantly
different from that of the household population on both factorial
axes at 5% level (Supplementary Table 6). The homogeneity test
shows that NRB, RBVO and RBM sub-clusters are distinct on both
axes (Supplementary Table 10).

Considering the description of household categories according
to structuring factors, the Fisher’s exact test indicates a statistically
significant relationship (p = 0.000) between the various structural

frontiersin.org


https://doi.org/10.3389/focsu.2025.1585622
https://www.frontiersin.org/journals/ocean-sustainability
https://www.frontiersin.org

Akoton et al.

S
(V]
R
p
[N
0
e}
2
-
©
Ll
N o o o o
o B S S S
S S S S
= S S S
= o S S IS
N—
[e)
>
5=
Ke]
(5]
Ke]
(@)
S
[a
—
Q
=
o
—~
= = 2 7 &
[l S S v )
e S S ~ @
O B = = g
|| Il <|\Il f
& A
N N a
S ~ & =
I — © [oN
) -° < £ n
=3 < S a =
IS
7]
=)
©
ol
(%]
—
«—
-«
~l oAl a2~ ~ —~ o~ ~
N 22 RN RN Rl R
S 2/ sl sl g 35352
= 22 2|2 2|2/2 /3 882z
= S S S g S ST e
o:o—<o'—'o'\‘"°\—<v—<o
—
o
N
e e e R R N I T S S RS S R N
F = =N S S - S S 3 B B = -
= S
=] NS 2 2 ¥ 9| =] o ~| 2
Sl S 2K F S S| & Iy —- | S
Vo'c\vvo‘(dvs‘/v@vo'
S T I el B e B I B B B B S = P
o T = s B N e B = e N L e =
—
N
n
P N P N e B B B P P =
N2 82 2 8RR g 88 glr
Sleo |0 n Q = a v gl
- - .| ool e Qoo Q| n ¥ nvn o 499
= BRSNS o BN e B N N - = =
. S w4l a nlol T o ®| o x =
[ DO IR S R S T R B S T = S S R = =S
. =
O
]
&
[o2]
- o
=
A <
o BN _ | | | 2| 2| ~ —
o s | &l 8l ol Al Al A A~ & =
S N g8y £ g8lglg g g gy gz
- =R -~ =T - B B~ = R R N R R N -
©n 2 v 3 X2 S F e a2
o IS - | S| B S = - = = B3
= | o | ol 2 e
- ) P e ] (S-S B T N O it
o Ll v~ 0| 2 2 <o ® v o ¥ T o
c
S 3
. O
[<]
o
o
m
w
§
=
oAAAAAA’O\AAAAA’O\
N g gy gl8lg gl gl g g
= “l Rl g2 28R T L 2L I =
c Bl & | 2|2 2 ||z leeT|eC8 3
O = N o = N S ol o | =
g [ B o ol ¥ b 6 d « F|n o6 ea «
%
Fa O
=]
2
. >
= R
© 7]
) ) = =
=m02<<<<owu§ﬁ§
s Bl 2z 5 4 %855 5 5 £ 3 E
— L =D
S I Z| 28 2 &8 8 2 & 2 &35
n
]
D
MH o)
9] -]
I:IJ"' 0] =1 m
mg — v @]
- L O =
'—

Frontiersin Ocean Sustainability

CM, household category; p, probability of signification; V, Cramer statistic.
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factors and household categories at 5% (Table 3). However, the
strength of this relationship varies depending on the factors
examined. Specifically, the sector exhibits a strong link intensity
(V = 0.621) with household categories. The link is of moderate
intensity (V' = 0.417) when the SLG is taken into account.
Household categories show a relatively weak intensity association
with gender (V = 0.208) and education level (V = 0.159) at the 5%
significance level.

3.3 Socio-environmental determinants
according to household categories

The Hierarchical Ascending Classification (HAC) based on the
average priority scores of socio-environmental factors enabled us
to establish five homogeneous classes (Figure 8). The proportion
of information retained by obtaining these classes is 90.46%. The
classes of socio-environmental determinants are labeled as FCM1
to FCM5.

The class 1 (FCM1) identified the most significant impacts as
stemming from the salt farming (FEMS), intensive logging (CIB),
and filling of river basins and water bodies (CBCPE). For the class
2 (FCM2), the most impacting factors relate to overexploitation
of mangrove ecosystem lands (STEM), intensive fishing resource
exploitation (EIRH), and vegetation cover destruction (DCV),
along with overexploitation of local biodiversity (SBL), excessive
agricultural usage of mangrove lands (FEAT), heightened climatic
event intensity leading to flooding and drought (AIFC), zoonosis
outbreaks (AZ), overgrazing of forest massifs and their surrounding
areas (SMFP), and soil erosion (EDS). The class 3 (FCM3)
comprises the factors which mainly relate to the rising land
conflicts around mangrove ecosystems (ACFEM) and the drop
in IGA yields (BRAGR). With regard to the class 4 (FCM4), the
factors which impact significantly the mangrove ecosystem are
related to poaching (BRA), heavy use of chemical inputs (FUIC),
and chemical and organic pollution of surface and groundwater
(PCOES). The class 5 (FCM5) is made up of important factors such
as wastewater discharge (DEU), increased frequency of human-
animal conflicts (AFCHA), and food and water poisoning (IAH).

The description of the previous factor classes was based on
the Principal Component Analysis (PCA) of the average priority
scores calculated by household category. The first component of
ACP explains 69.51% of the priority matrix variance, and mainly
takes into account the household categories CM1, CM2, CM3,
and CM5. The second component accounts for 20.95% of the
initial information and, primarily takes into account the household
categories CM4 and CM5.

The class FCM1 of socio-environmental factors is located in
the negative part of the two-factorial axis (Figure 9). This class
comprises the factors which have an importance for the households’
categories CM1, CM2, CM3, and CM5. For these households, salt
farming, intensive logging, and the filling of river basins and water
bodies are the main factors impacting mangrove ecosystems. The
class FCM2, located in the positive part of axis 2, is made up of the
factors which have the greatest impact for the CM4, and accessorily
for CM1. These factors are related to overexploitation of mangrove
ecosystem lands, intensive fishing resource exploitation, vegetation

frontiersin.org


https://doi.org/10.3389/focsu.2025.1585622
https://www.frontiersin.org/journals/ocean-sustainability
https://www.frontiersin.org

Akoton et al.

10.3389/focsu.2025.1585622

15
10
@
o
c
3
—
@
>
5
. |
0 | ’ (
- I NoOodew o w o wlx D Il x|l 0 w
b & B2 £ £ 0 &3 8 =[|u g5 > &
—J 1 - - (] [T <
} % = a ol |le 7 S = - 5
“ (&) <L e fas) o
FCM2 FCM1 FCM5 FCM3 FCM4
FIGURE 8
Socio-environmental factors classes affecting mangrove ecosystem.

cover destruction, overexploitation of local biodiversity, excessive
agricultural usage of mangrove lands, heightened climatic event
intensity leading to flooding and drought, zoonosis outbreaks,
overgrazing of forest massifs and their surrounding areas, and soil
erosion. The class FCM3 is positioned in the negative part of axis
2. It includes factors such as the increase in land conflicts around
mangrove ecosystems and the drop in IGA yields, which are more
important for CM5 households than for other households. As for
the class FCM4 and FCM5, they are composed of factors which have
a very low impact or are less relevant for the different households’
categories of the study area.

4 Discussion

4.1 Influence of the sector on household
distribution around mangrove ecosystems

In this study, the sector (NRB, RBVO, and RBM) has a
significant influence on household structuring around mangrove
ecosystems. Whether the area is a biosphere reserve or not
can strongly impact the distribution of households around these
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ecosystems. This difference reflects variations in access to resources
and management practices. In biosphere reserves, human activities
are often regulated to protect the environment, which may limit
the settlement of new households or restrict certain economic
activities like fishing, logging, or agriculture. This often leads to
a lower concentration of households in these areas to preserve
biodiversity and sensitive ecosystems. Conversely, in areas not
protected by a biosphere reserve, households can settle more
freely and exploit natural resources more intensively, which
may result in a higher population density around mangroves.
This suggests that land management and regulation in biosphere
reserves play a crucial role in shaping population distribution,
protecting ecosystems while limiting direct access to natural
resources, and guiding human activities toward more sustainable
practices. Similar studies have shown that proximity to protected
areas and environmental regulations affect household structuring
and their dependence on natural resources (Coad et al., 2019).
Moreover, households outside reserves may have more freedom
in resource exploitation. This implies that land management
and regulation in biosphere reserves are key to population
distribution, balancing ecosystem protection with sustainable use
of natural resources.
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4.2 Influence of sociolinguistic groups on
household distribution around mangrove
ecosystems

The sociolinguistic groups (SLG) strongly influence the
distribution of households around mangrove ecosystems. The
fact that the SLG affects household distribution highlights the
importance of cultural ties and perceptions of resource access
rights in residential choices. Members of the same SLG often
share cultural practices, beliefs, and traditions that draw them
closer to mangrove ecosystems. For example, some communities
have ancestral practices related to fishing, harvesting mangrove
wood, or the medicinal use of specific plants, which may motivate
these groups to settle near mangroves, reinforcing their collective
identity. Some communities may have traditional or customary
rights over these lands, providing them with a sense of ownership
or authority over the resources (Agrawal, 2001).

The same observation was made by Adjahossou et al. (2019),
who showed that ethnic groups in Benin tend to settle near
natural resources that they consider part of their cultural heritage.
Social networks within an SLG facilitate the transmission of
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local knowledge about resource management, thus promoting
sustainable occupation of mangrove areas. A similar study by Diatta
etal. (2020) in Senegal demonstrated that communities with strong
sociocultural ties were more likely to organize themselves to protect
and sustainably manage mangroves. These findings highlight
the importance of considering sociolinguistic specificities in
mangrove management policies. Ignoring these complex dynamics
could undermine the effectiveness of conservation strategies.
Therefore, it is crucial to integrate traditional knowledge and local
perceptions into management strategies to ensure their success and
social acceptability.

4.3 Influence of educational level on
household distribution around mangrove
ecosystems

In this study, the educational levels of respondents had little
influence on the distribution of households around mangrove
ecosystems. This may be explained by the fact that even more
educated individuals do not necessarily consider proximity to
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FIGURE 10
(1) Mangrove logging site at Ahouandji; (2) Djegbadji salt exploitation site; (3) Sand dredging in Djondji; (4) Farming activities near mangroves. Source:
Photos taken from the field (coastal Benin) by the first author between January and March 2024.

mangrove ecosystems as an advantage or disadvantage in their
residential choices. A similar trend was reported by Fonta
and Ayuk (2013), who showed that the education level of
residents living near a forest in southwestern Nigeria did not
affect their distribution. In other words, both less educated
and more educated households can live around mangrove
ecosystems. This indicates that other factors, perhaps economic
or cultural, are more influential in this residential choice.
Therefore, mangrove management strategies must take into
account the diversity of educational levels while focusing on
interventions that address the economic and practical motivations
of local communities.

4.4 Influence of gender on household
distribution around mangrove ecosystems

Gender influences household distribution around mangrove
ecosystems due to the traditional roles assigned to men and
women within the community (Padonou et al, 2023). These
roles not only affect how mangrove resources are exploited but
also where households choose to settle. Traditionally, in many
societies, men are more involved in activities related to wood,
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such as collecting firewood for sale, carpentry, and construction
(Timko et al., 2010; Padonou et al., 2023), as well as gathering
honey and hunting wildlife (Shackleton and Shackleton, 2004).
Women, on the other hand, are often responsible for domestic tasks
and managing local resources such as firewood and non-timber
forest products (Padonou et al., 2023; Quisumbing and Pandolfelli,
2010). This division of labor can influence the geographic
distribution of households around mangrove ecosystems. For
instance, in areas where fishing activities predominate, men may
prefer to settle closer to mangroves to have easier access to
fishing zones. Conversely, women, who may be more involved
in activities related to managing domestic resources, might live
farther from the mangroves in areas less directly connected to
these ecosystems. Similar studies have shown that gender plays
a crucial role in land occupation and natural resource use.
For example, a study conducted by Bennett (2016) in Ghana
revealed that men, being more involved in fishing activities,
are more inclined to live near mangroves, while women, whose
domestic responsibilities may take them away from fishing zones,
choose different locations. Further reinforcing this perspective,
a study by Daw et al. (2011) on the exploitation of coastal
and marine ecosystem services found that gender determines
differences in the regulation of ecosystem service flows. Similarly,
research conducted in Kenya’s Diani Chale and Kisite Mpunguti
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Marine Protected Areas revealed that perceived access to and
use of coastal and marine ecosystems for wellbeing varied by
gender. Women faced limitations in accessing deeper waters due
to sociocultural expectations and fears that deep waters were
dangerous or inhabited by spirits, while men played a dominant
role in exploiting marine resources due to their ability to own
advanced fishing and tourism equipment. Lau et al. (2019)
further demonstrated that gender-based differences in ecosystem
service preferences across ecosystem types could be attributed
to sociocultural roles, beliefs, identity, property rights, and land
tenure systems.

Additionally, Bennett (2016) argues that perceptions of
ecosystem services are influenced by knowledge, experience, and
motivations toward a given resource. This perspective aligns
with the findings of this study, as gendered perceptions of
mangrove ecosystem services shape household settlement patterns
and resource utilization. Traditional gender roles influence not
only access to resources but also residential choices based on
economic activities and family responsibilities (Pravalprukskul
and Resurrection, 2018). Thus, the distribution of households
around mangrove ecosystems is closely linked to traditional gender
roles, which determine the economic and domestic activities
of men and women. However, other research, such as that
by Badola et al. (2012) in India, suggests that the role of
women may be underestimated in conservation policies. This
implies that the influence of gender on household structuring is
contextual and depends on local dynamics of governance and
access to resources.

Mangrove management policies should, therefore, take into
account these gender dynamics to better address the specific
needs of each group and promote sustainable management of
natural resources.

4.5 Socio-economic context of households
and specific challenges for mangrove
management in Benin

The results of this study reveal the diversity of socio-economic
profiles among households living near mangroves in Benin and
highlight the multiple human pressures affecting these fragile
ecosystems. The five (05) identified household categories (CM1-
CM5) clearly illustrate differences in vulnerability and dependence
on natural resources, particularly mangroves. The findings show
that households heavily rely on mangrove resources, especially for
salt production and wood harvesting for fishing activities (Roy,
2016). These results are consistent with other studies conducted in
West Africa’s coastal areas, where pressure on mangrove ecosystems
is closely linked to the strong dependence of local communities on
these resources for their livelihoods (UNEP, 2007; Cisse et al., 2004;
Zannou et al,, 2017; Adanguidi et al., 2020). In contrast, households
in category CM3, which are less dependent on mangrove resources,
are more engaged in diversified economic activities, reflecting
a higher level of resilience to environmental challenges. These
findings underscore the importance of income-generating activities
(IGAs) in empowering communities (FAO, 2013). The key role
of economic activities such as salt production, fishing, and fish
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processing within households highlights the importance of these
sectors for food security and the incomes of coastal populations
(Begum et al., 2022; Adounkpe et al., 2021). The lower vulnerability
of some households may suggest that economic diversification
is an effective adaptation strategy to reduce pressure on natural
resources (Ellis, 2000). The study also revealed that geographic
and sociolinguistic factors play a major role in structuring
households, affecting their access to natural resources and basic
services. In general, practices such as wood cutting (Adanguidi
et al,, 2020), salt production (Orekan et al., 2019), and waterway
reclamation (Alongi, 2002) are major pressure factors on mangrove
ecosystems. These results align with previous studies, such as
Zannou et al. (2017), which emphasized the close relationship
between overexploitation of natural resources and mangrove
degradation in Benin. For effective and equitable mangrove
management in Benin, it is essential to adopt differentiated
strategies that take into account the specific socio-economic
profiles of households. Households in categories CM1 and CM3,
who are more educated and economically diversified, should
be involved in co-management initiatives, reforestation, and
awareness-raising programs. Households in category CM5, facing
high vulnerability, require targeted interventions such as access to
sustainable economic alternatives and basic services to reduce their
pressure on mangroves (Figure 10).

5 Study limitations

This study has some limitations. Further analysis could be
carried out by incorporating additional variables, such as market
access. In addition, future studies could better understand how
external pressures, such as climate change or conservation policies,
influence the long-term structuring of households.

6 Conclusion

The sustainable management of mangrove ecosystems requires
a thorough understanding of the social and environmental
dynamics that affect them. This study, conducted across three
sites—the “Mono” Biosphere Reserve, the Lower “Ouémé”
Valley Biosphere Reserve, and a non-protected area—highlights
the influence of households’ socio-economic profiles on the
integrity of mangrove ecosystems. Five categories of households
were identified based on their demographic, socio-economic,
and environmental characteristics. The results reveal that the
distribution of households and their interactions with mangrove
ecosystems are strongly influenced by geographic location
(inside or outside a biosphere reserve), sociolinguistic group,
and to a lesser extent, by education level and gender. This
relatively weak influence of education and gender represents
an opportunity for conservation policies to focus more on the
economic motivations and daily practices of local communities.
Moreover, the analysis of socio-environmental factors shows
that their perception and impact vary between household
categories, revealing differentiated profiles of pressures exerted
on mangroves. This diversity calls for management strategies
that are adapted, targeted, and sensitive to local specificities.
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The importance of sociolinguistic dynamics and traditional
knowledge is also emphasized, suggesting that disregarding
these social dimensions in mangrove management policies could
undermine their effectiveness and social acceptability. Integrating
local knowledge and community perceptions thus appears
essential for designing sustainable management approaches rooted
in the local context. This study helps fill a gap in the
literature on the interactions between household socio-economic
profiles and mangrove management in sub-Saharan Africa, where
such relationships remain relatively underexplored. A better
understanding of the links between community dependence and
environmental pressures will make it possible to better reconcile
conservation goals with local development needs. Future research
could further explore the impact of seasonal variations and
local policies on these dynamics, with a view to identifying the
most effective levers for sustainable and inclusive management of
mangrove ecosystems.

6.1 Recommendations

The findings from this study recommend that to adopt
a mangrove resource management approach that takes into
account the significant influence of the geographic sector on
the distribution of households. Management policies should
be tailored to the specific economic activities of different
sectors to minimize their impact on mangroves. Given the
limited impact of gender and educational level on household
distribution, it is crucial to strengthen the capacities of
communities by providing training on sustainable practices
adapted to their
mangrove management policies should consider the specific

activities. Regarding gender dynamics,
needs of each group to promote sustainable natural resource
management. Additionally, they should facilitate the active
participation of local communities in the management and
conservation of mangrove ecosystems. Diversifying income
sources for households highly dependent on mangroves could also
reduce pressure on these ecosystems by supporting alternatives
such as sustainable aquaculture or ecotourism. Continuous
monitoring and evaluation of implemented interventions are
necessary to adapt strategies based on observed results. Finally,
stakeholder engagement in resource management is essential,
promoting collaboration between local communities, authorities,
and non-governmental organizations for an integrated and
effective approach.
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