Applied Ecology and Environmental Sciences, 2025, Vol. 13, No. 3, 86-93

Available online at http://pubs.sciepub.com/aees/13/3/4
Published by Science and Education Publishing
DOI:10.12691/aees-13-3-4

g i

Wood Use Patterns by Local Population
In a Co-managed Forest Reserve

Rodéric Roland Singbénou Sagbo™*", Sedjro Gilles Armel Nago'**

!Laboratory of Ecology, Botany and Plant Biology, University of Parakou, Parakou, Benin
?Doctoral School of Agricultural and Water Sciences, University of Parakou, Parakou, Benin
®Faculty of Agronomy, University of Parakou, Parakou, Benin
*Corresponding author: rodericosagbo22@gmail.com

Received September 28, 2025; Revised October 30, 2025; Accepted November 07, 2025

Abstract In Sub-Saharan Africa, rural communities depend heavily on forests for their livelihoods, yet natural
forests are under increasing pressure from socioeconomic factors. While large-scale plantations are proposed as a
solution, their impacts are controversial, often creating land disputes and unequal benefit sharing. This highlights the
need for an in-depth understanding of how local communities interact with forest resources to ensure sustainable
management. This study aimed to analyze how sociodemographic and sociocultural characteristics influence wood
use patterns in a co-managed Reserve like Lama Forest Reserve in Benin, where access to forest resources is limited.
We hypothesized that these characteristics significantly affect wood use. Using a structured questionnaire with 208
respondents and a Bayesian logistic regression model, we found that gender and village membership are the primary
factors influencing wood use. Men were less likely to use firewood but more likely to use construction and craft
wood, reflecting distinct gender roles. Village of residence significantly influenced firewood and commercial wood
use, suggesting that local contexts like resource accessibility play a crucial role. In contrast, age, education level, and
sociocultural group did not have a significant influence on any type of wood use. These results underscore that a
one-size-fits-all approach to forest management is ineffective. Future research should use qualitative methods to
explore the specific reasons for these local variations and analyze the economic value chains of wood. It should also
investigate the effects of formal and informal regulations on wood use and further examine gender-specific roles to
propose equitable and effective conservation strategies.
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1. Introduction

Forests play a crucial role in the livelihoods of rural
communities, particularly in sub-Saharan Africa, by
providing a variety of goods and ecosystem services, such
as timber and non-timber forest products [1]. However,
these ecosystems are under pressure. The degradation of
natural forests, often linked to socioeconomic factors like
population growth and poverty [2], endanger these vital
resources. This situation makes it urgent to find solutions
for the sustainable management of forest resources.

In the face of a growing demand for forest products [3],
large-scale tree plantations are often presented as a
solution for socioeconomic development in rural areas [4].
They can potentially reduce pressure on natural forests by
providing wood for industry [5] and domestic uses.

However, socioeconomic impacts of these plantations
are controversial. While they can provide benefits such as
job creation, infrastructure development, or income
generation [4,6], they also pose major challenges. Studies

reveal problems such as community displacement,
unequal benefit sharing, and a lack of land compensation
[6,7]. llegal logging is also a serious threat [8],
highlighting the complexity of their management.

To maximize benefits and mitigate negative impacts, it
is crucial to involve local communities. Participatory
approaches and community forest management are
increasingly recognized as key drivers for ecosystem
sustainability and community empowerment [7,9]. These
models allow local populations to be directly involved in
resource management, decision-making, and income
sharing, thereby contributing to improved livelihoods [7].

Nevertheless, even these approaches face challenges,
including unequal participation, a lack of institutional
support, and contested land rights for rural and indigenous
communities [7,9]. Therefore, it is necessary to conduct an
in-depth analysis of how the socioeconomic and cultural
characteristics of populations influence their interaction
with these resources. The use of wood by local
populations is a critical factor in the pressure exerted on
forests [2]. While it is known that the characteristics of
local populations affect this use [10], there is a lack of
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understanding of specific local-level dynamics.

This study aims to fill this gap by analyzing how local
populations use wood and what socioeconomic and
sociocultural factors influence these practices. The main
objective is to better understand wood use patterns to
propose more adapted and sustainable management
strategies. To do so, we test the following hypothesis:
Wood use patterns are significantly influenced by the
sociodemographic and sociocultural characteristics of
local people.

2. Material and Methods

2.1. Study area

The study was carried out in the Lama Forest Reserve
(Benin), which is co-managed by Société Nationale du
Bois (SONAB) and local population. Located in Southern
Benin (Figure 1), the Lama Forest Reserve (LFR), covering
16.250 hectares, is a multi-use protected area. The area is
divided into three zones: a strictly protected central natural
forest, Tectona grandis and Gmelina arborea plantations,
and resettlement and agricultural zones. It has been legally
protected as a Forest Reserve since 1946, which means that
entry is prohibited and access to resources is limited for
local populations. Villages are located within or near the
forest [11,12]. Holli, Fon and Aizo socio-cultural groups
mainly inhabit the forest.

Where Ul_(x/2 (o = 0.05) = 1.96, d: the margin

error=5 %.

A total of 208 representative people (over 18 years old)
[16] were randomly selected in the villages of Agadjaligho
(Agad) [17], Aghaga (Agb) [18], Zalimey (Zal) [17], Don
(Don), Hlagba-Zakpo (HIz), and Toffo-gare (TQ).

2.2.2. Data Collection

Authorization to conduct the survey was obtained from
Société Nationale du Bois (SONAB). Verbal consent was
obtained from the respondents prior to each survey being
carried out [19]. A structured questionnaire was used, and
data were collected through a survey using face-to-face
interviews in local languages [20]. The survey collected
socio-cultural and socio-demographic data on the
respondents, such as age, gender, education level, village
of residence and socio-cultural group, as well as
information on the different uses of wood, such as for
firewood, construction, commercial purposes and crafts.

Age was recorded as a continuous variable. Education
level was collected as an ordinal variable, categorized as
None (0), Primary (1), Secondary (2), and Higher (3).
Both village of residence and socio-cultural group were
included as nominal variables. Finally, gender (Female=0,
Male=1) and wood uses data (No=0, Yes=1) were
collected as binary variables.

Table 1. Distribution of respondents by village, gender, sociocultural
group and education level
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Figure 1. Study area

2.2. Methods

2.2.1. Sampling

A preliminary survey was conducted with 30 randomly
selected respondents (over 18 years old) from three
villages inside and three representative villages around the
LFR [11,13,14]. The objective of this initial phase was to
estimate the proportion (p) of respondents able to identify
patterns of wood use in the LFR. Based on the estimated
proportion of positive responses (p = 0.90), the required
sample size (n) was calculated (Eqg.1) using the following
Dagnelie formula [15].

n= (U12_a/2Xp (1-p))/ d? (1)

Characteristics Number Frequency (%)
Village
Agadjaligho 35 16.8
Agbaga 35 16.8
Don 37 17.8
Hlagba-Zakpo 30 14.4
Toffo-gare 35 16.8
Zalimey 36 17.3
Gender
Male 110 52.9
Female 98 47.1
Socio-cultural group
Holli 106 51
Fon 95 45.7
Aizo 4 1.9
Adja 2 1
Mina 1 0.5
Education level
None 1 0.5
Primary 195 93.8
Secondary 8 3.8
Higher 4 1.9

2.2.3. Data Analysis

Statistical analysis was performed using Rstudio
(version 2025.05.1+ 513) [21]. Both descriptive and
inferential methods were used. Descriptive statistics, such
as frequencies, was calculated and graphically visualized
using the dplyr, scales and ggplot2 packages [21,22].

Bayesian logistic regression [21,23,24,25,26,27,28] was
performed with dplyr and rstanarm packages to analyze
whether wood use patterns are significantly influenced by
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respondents’ sociocultural
characteristics.

The interpretation of Bayesian model summary was
straightforward and focused on the 95% credibility
intervals, which were the 2.5% and 97.5% columns. An
effect was considered significant if its credibility interval
did not contain zero. The MCMC diagnostics were very

good. The Rhat was close to 1.0 for all parameters,

sociodemographic  and

confirming that the model had converged well and the
results were reliable. The n_eff was high (greater than
1000 for most parameters), indicating that the Markov
chain sample size was adequate and the estimates were
precise for firewood use patterns (Table 2), construction
wood use patterns (Table 3), craft wood use patterns
(Table 4), and commercial wood use patterns (Table 5).

Table 2. Fit and MCMC diagnostics of Bayesian logistic regression of firewood use patterns

Fit Diagnostics

mean sd 2.5% 50% 97.5%
mean_PPD 0.682 0.033 0.615 0.683 0.745
MCMC diagnostics
mcse Rhat n_eff
(Intercept) 0.045 1.000 3080
Age 0.000 0.999 5058
Genderl 0.007 1.000 4676
VillageAgb 0.014 1.000 3818
VillageDon 0.018 1.001 2786
VillageHIz 0.020 1.002 2606
VillageTg 0.030 1.001 2802
Villagezal 0.010 1.000 4760
SCGAizo 0.038 0.999 4366
SCGFon 0.028 1.001 3020
SCGHolli 0.031 1.002 2700
SCGMina 0.039 1.001 4029
Educ_levell 0.031 1.001 3162
Educ_level2 0.028 1.000 3430
Educ_level3 0.030 1.000 3418
mean_PPD 0.001 1.000 4154
log-posterior 0.006 1.003 1773
Table 3. Fit and MCMC diagnostics of Bayesian logistic regression of construction wood use patterns
Fit Diagnostics
mean sd 2.5% 50% 97.5%
mean_PPD 0.313 0.033 0.250 0.312 0.380
MCMC diagnostics
mcse Rhat n_eff
(Intercept) 0.050 1.003 2273
Age 0.000 1.000 5110
Genderl 0.008 1.000 3421
VillageAgh 0.011 1.000 3364
VillageDon 0.022 1.001 2133
VillageHIz 0.025 1.002 2203
VillageTg 0.024 1.002 2303
VillageZal 0.010 0.999 3939
SCGAiIzo 0.033 1.001 2960
SCGFon 0.033 1.003 2188
SCGHolli 0.035 1.004 2201
SCGMina 0.040 1.000 4265
Educ_levell 0.028 1.000 2651
Educ_level2 0.029 1.001 2639
Educ_level3 0.030 1.000 2885
mean_PPD 0.000 1.000 4834
log-posterior 0.072 1.002 1448
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Table 4. Fit and MCMC diagnostics of Bayesian logistic regression of craft wood use patterns

89

Fit Diagnostics

mean sd 2.5% 50% 97.5%
mean_PPD 0.046 0.019 0.014 0.043 0.087
MCMC diagnostics
mcse Rhat n_eff
(Intercept) 0.061 1.000 2659
Age 0.001 1.000 3857
Genderl 0.016 1.000 3153
VillageAgh 0.026 1.001 2669
VillageDon 0.027 1.000 2762
VillageHIz 0.028 1.003 2426
VillageTg 0.030 1.001 2808
VillageZal 0.024 1.003 2632
SCGAIzo0 0.039 1.000 3810
SCGFon 0.030 1.001 2602
SCGHolli 0.033 1.002 2616
SCGMina 0.045 1.000 3478
Educ_levell 0.041 1.000 3212
Educ_level2 0.041 1.000 3550
Educ_level3 0.045 1.000 3307
mean_PPD 0.000 1.000 4190
log-posterior 0.071 1.000 1566
Table 5. Fit and MCMC diagnostics of Bayesian logistic regression of commercial wood use patterns
Fit Diagnostics
mean sd 2.5% 50% 97.5%
mean_PPD 0.270 0.034 0.207 0.269 0.337
MCMC diagnostics
mcse Rhat n_eff
(Intercept) 0.043 1.000 2547
Age 0.000 1.000 4724
Genderl 0.007 0.999 4144
VillageAgb 0.039 1.001 2246
VillageDon 0.027 1.000 2490
VillageHIz 0.028 1.000 2243
VillageTg 0.028 1.000 2246
VillageZal 0.009 0.999 4501
SCGAizo 0.028 1.000 3330
SCGFon 0.024 1.000 3110
SCGHolli 0.034 1.000 2329
SCGMina 0.037 0.999 4400
Educ_levell 0.025 1.002 3033
Educ_level2 0.026 1.001 3074
Educ_level3 0.029 1.001 3131
mean_PPD 0.001 1.000 4014
log-posterior 0.068 1.000 1660
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Figure 2. Different types of wood’ use in the Lama Forest Reserve
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3. Results

The findings show that respondents used wood in
several forms: 68.27% for firewood (HW), 31.25% for
construction wood (CsW), 26.92% for commercial wood
(ComW), and 4.33% for craft wood (CrW) (Figure 2).

The coefficient for Men (Gender 1) was -2.485, and its
credibility interval was [-3.494, -1.553]. Therefore, the
effect was highly significant. The negative coefficient
indicated that men were less likely to use firewood
compared to women (Table 6).

Village membership had a significant influence, but it
varied between villages. For Agbaga (Agb), the

construction wood use. None of the credibility intervals
for the different education levels were significant,
indicating that education level did not have a significant
influence. Similarly, none of the intervals for the
sociocultural groups were significant (Table 7).

The coefficient for Men (Genderl) was 1.558, and its
credibility interval was [0.019, 3.479]. Given that this
interval was entirely positive, the effect was significant,
indicating that men were more likely to use craft wood
compared to women (Table 8).

Table 7. Bayesian logistic regression analysis of the influence of
respondents' sociodemographic and sociocultural characteristics on
construction wood use patterns

coefficient was 2.429, with an interval of [0.963, 4.267]. (?SW
The coefficient was 3.724, with an interval of [0.987, Estimates
7.313] for Toffo-gare (Tg). This had a very significant and mean sd 2.5% 50% 97.5%
positive effect. The coefficient was 1.318, with an interval (Intercept) | -2.535 | 2369 | -7.271 | -2516 | 1865
of [0.077, 2.688] for Zalimey (Zal). Thus, residents of Age 0016 | 0020 | -0.022 | 0016 | 0.056
Agbaga, Toffo-gare, and Zalimey were more likely to use Genderl 3382 | 0494 | 2474 | 3366 | 4393
firewood (Table 6). VillageAgb | 0.695 0.626 | -0522 | 0.695 1.925
The credibility interval for age was [-0.037, 0.052] and VillageDon | -2.050 | 1.020 | -4092 | -2.023 | -0.193
indicated that age did not have a significant influence on VillageHlz | -1.684 | 1173 | -4116 | -1664 | 0506
firewood use. Similarly, education levels did not have VillageTg 1.027 1128 | -1217 | 1.030 3.319
significant influence. All intervals for the various VillageZal 0.257 0645 | -0981 | 0.258 1517
sociocultural groups also indicated they did not have a SCGAizo -0.205 1789 | -3.747 | -0.194 3.288
significant influence on firewood use (Table 6). SCGFon -0189 | 1551 | -3.001 | -0.253 3.040
SCGHolli 0.945 1637 | -2.114 | 0878 4.242
firewood use patterns Educ_levell | -1.464 | 1439 | -4331 | -1.453 1.386
o Educ_level2 | -1.844 | 1498 | -4924 | -1815 0.999
- Educ_level3 | -1.270 | 1.603 | -4.427 | -1.259 1.891
Estimates
mean sd 2.5% 50% 97.5% Table 8. Bayesian logistic regression analysis of the influence of
(Intercept) 1.751 2.480 -3.167 1.730 6.745 respondents' sociodemographic and sociocultural characteristics on
Age 0.007 0022 | -0037 | o0.007 0.052 craft wood use patterns
Genderl 2495 | 0486 | -3494 | -2.485 | -1.553 Crw
VillageAgb 2.472 0.845 0.963 2.429 4.267 Estimates
VillageDon | -0.990 | 0950 | -2911 | -0.964 0.800 mean sd 2.5% 50% 97.5%
VillageHlz | -0.419 | 1.030 | -2.424 | -0.397 1.592 (Intercept) | -7.630 | 3.149 | -14.124 | -7.494 | -1.840
VillageTg 3.824 1.614 0.987 3.724 7.313 Age 0028 | 0034 | -0.039 | 0028 0.094
VillageZal 1.334 0.666 0.077 1.318 2.688 Genderl 1614 | 0.891 0.019 1.558 3.479
SCGAIz0 0.851 2482 | -3520 | 0.620 6.375 VillageAgb | 0.105 1322 | -2587 | 0.109 2.617
SCGFon 2056 | 1540 | 5389 | -1.968 0.602 VillageDon | -0.143 | 1438 | -3.024 | -0.141 | 2577
SCGHolli -0.892 | 1621 | -4254 | -0.840 2.026 VillageHlIz 1.327 1.395 | -1.397 1.330 4.027
SCGMina 0.874 2464 | -3.494 | 0654 6.093 VillageTg 0.255 1571 | -2.866 | 0.291 3.287
Educ_levell | 1.306 1737 | -2032 | 1.263 4.881 VillageZal 1553 1.229 | -0.685 1.493 4171
Educ_level2 | -1.370 | 1664 | -4732 | -1.328 1.843 SCGAIzo -1.075 | 2423 | -6.363 | -0.867 | 3.147
Educ_leveld | -0.222 | 1736 | -3.720 | -0.212 3.092 SCGFon 0363 | 1519 | -3.329 | -0.389 | 2.763
SCGHolli 0786 | 1700 | -4174 | -0.791 2,575
The coefficient for Men (Gender 1) was 3.366, and its SCGMina 4.038 2.631 -0.219 3.742 10.001
credibility interval was [2.474, 4.393]. Since this interval Educ_levell | 1.775 2.331 -2.235 1.598 6.949
was entirely positive, the effect was highly significant. Educ_level2 | -1.018 | 2.416 -6.394 | -0.794 3.156
The positive coefficient indicated that men were Educ level3 | -0.739 | 2.563 -6.404 | -0.620 3.843

significantly more likely to use construction wood
compared to women (Table 7).

Village membership had a significant influence, but
only for one village. The coefficient was -2.023, and the
interval was [-4.092, -0.193] for Don. This indicated a
significant and negative effect: residents of Don were less
likely to use construction wood. (Table 7).

The credibility interval for age was [-0.022, 0.056].
Therefore, age did not have a significant influence on

Age, village membership, sociocultural group, and
education level did not have a significant influence on
craft wood use (Table 8).

The coefficient for Men (Genderl) was -1.721, and its
credibility interval was [-2.717, -0.850]. Therefore, men
were less likely to use commercial wood than women
(Table 9).
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Village membership had a strong influence, but it
varied between villages. The coefficient was -4.484, with
an interval of [-9.282, -2.194]. This effect was significant
and negative, meaning that residents of Agbaga (Agb)
were less likely to use commercial wood. The coefficient
was 1.677, with an interval of [0.567, 2.874], for Zalimey.
Therefore, the inhabitants are more likely to use
commercial wood (Table 9).

Age, education level, and sociocultural group did not
have a significant influence on commercial wood use
(Table 9).

Table 9. Bayesian logistic regression analysis of the influence of
respondents’ sociodemographic and sociocultural characteristics on
commercial wood use patterns

ComW

Estimates
mean sd 2.5% 50% 97.5%
(Intercept) -2.216 2.161 -6.643 -2.172 2.003
Age 0.016 0.019 -0.021 0.016 0.054
Genderl -1.732 0.470 -2.717 -1.721 -0.850
VillageAgb -4.803 1.826 -9.282 -4.484 -2.194
VillageDon -2.311 1.351 -5.220 -2.233 0.117
VillageHIz -1.126 1.332 -3.775 -1.110 1.423
VillageTg 0.003 1.313 -2.598 0.007 2.467
VillageZal 1.682 0.588 0.567 1.677 2.874
SCGAizo -0.206 1.632 -3.367 -0.210 3.063
SCGFon 0.760 1.351 -1.785 0.693 3.583
SCGHolli 1.719 1.624 -1.289 1.690 5.098
SCGMina -1.003 2.436 -6.450 -0.787 3.213
Educ_levell 0.248 1.377 -2.396 0.245 3.058
Educ_level2 1.246 1.451 -1.582 1.225 4.222
Educ_level3 0.668 1.623 -2.556 0.670 3.773

4. Discussion

Our study aimed to test whether wood use patterns in
the LFR were influenced by the sociodemographic and
sociocultural characteristics of residents, in accordance
with our initial hypothesis. Our results, derived from a
robust Bayesian model, confirm this hypothesis as [29],
but with nuances, by highlighting specific variables and
important distinctions depending on the type of wood use.

4.1. Factors Influencing the Use of Firewood,
Construction, Craft, and Commercial
Wood in the Lama Forest Reserve

The results reveal that gender and village membership
are crucial factors in firewood use. Men are significantly
less likely to use firewood than women. This finding is
particularly relevant because it contrasts with some studies
that minimize the influence of gender in contexts of
resource scarcity [30]. The higher probability of firewood
use among women can be explained by their traditional
role in domestic and culinary activities, where wood is
often the main energy source [31]. This observation
highlights the need to integrate gender perspectives into
forest management plans.

Furthermore, the significantly greater use of firewood
observed in Agbaga, Toffo-Gare, and Zalimey compared

to the other three villages indicates the critical influence of
geographic proximity. [32]. Local variations in resource
accessibility or cultural cooking habits could explain these
differences. This result supports the idea that a generic
approach is insufficient and that it's crucial to
acknowledge the diversity of local contexts [33].

In contrast to village membership and gender, our
results indicate that age and education level do not have a
significant influence on firewood use. This finding partly
contradicts some literature suggesting that older
individuals are more likely to use firewood [34,35] or that
education can reduce wood dependency [36]. However,
our result may be explained by the predominance of local
geographical and behavioral factors [32], which may
outweigh the influence of traditionally studied
sociodemographic variables.

An analysis of wood use for construction, crafts, and
commercial purposes reveals distinct dynamics. For
construction and craft wood, men are significantly more
likely to use it than women. These uses are often
associated with construction, production, and income-
generating activities, areas where men are typically more
involved [36].

Conversely, the use of commercial wood, including
charcoal, is less common among men, suggesting that
women may play a more significant role in the informal or
local value chains for this type of product. This
observation once again highlights the complexity and
nuances of forest exploitation based on product type.

Village membership plays a crucial role, but in varying
ways. Construction wood is more likely to be used in
some villages than in others. These local variations can be
attributed to factors such as proximity, resource
availability and accessibility, or the specifics of local
economies.

Consistent with firewood results, age and education level
have no significant influence on other forms of wood use.
Furthermore, sociocultural groups do not appear to have an
impact on any of the analyzed uses. While some studies
suggest that age and education influence the perceived
value of forest products [36], our data indicate that these
variables are not significant predictors of wood use.

In the Lama Forest Reserve (LFR) plantations, the main
exploited species (teak and gmelina), mainly provide
timber and leaves. This contrasts with indigenous fruit
species used for a wide array of purposes, including food,
medicine, crafts, spiritual practices, as well as fuelwood,
fodder, and rural construction material [37]. Nevertheless,
a few fruit species are cultivated in resettlement and
agricultural areas. Furthermore, the LFR’s management
system promotes sustainable exploitation by prioritizing
the controlled harvesting of fast-growing exotic species
while conserving slow-growing native species. This model
stands in contrast to other protected areas in Benin, such
as certain community forests, where local populations may
exploit woody resources without ecological restoration
measures, often leading to unsustainable exploitation [38].

4.2. Implications of Findings and Future
Research Perspectives

To expand upon the results of this study, future research
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should focus on the specific factors that explain the
variations in wood use. This would involve conducting
qualitative studies, particularly through interviews and
focus groups on villages like Agbaga, Toffo-gare, and
Zalimey. Such research would assess the impact of forest
resource accessibility, the presence of local markets, as
well as the influence of cultural habits and culinary
practices on wood consumption.

It's crucial to better understand the economic value of
wood for households. Future studies could quantify the
monetary value of timber forest products to better assess
the communities’ economic dependency. It would also be
relevant to analyze the wood value chains, from
harvesting to sale. By distinguishing between self-
consumption and commercial uses, we could identify
commercial circuits and opportunities to develop
sustainable value chains.

For more effective management, it's important to
evaluate the impact of existing policies. Research should
investigate the effects of formal and informal regulations
on wood use practices. This would help determine
whether access restrictions lead to illegal exploitation or,
conversely, promote sustainable management.
Furthermore, an in-depth analysis of gender roles is
necessary. This would involve studying how men and
women share in the exploitation and processing of
different types of wood to identify decision-making points
and the benefits for each gender.

5. Conclusion

In conclusion, wood use patterns are indeed influenced
by certain sociodemographic characteristics, particularly
gender and location. However, the influence of these
variables is specific to the type of wood used. These
findings underscore the need to develop forest
management policies that are not uniform, but that
consider local dynamics and the differentiated roles of
gender within communities. Sustainable management can
only be effective if it adapts to the complex and diverse
realities that shape a community's relationship with the
forest. It is imperative to move beyond generalizations and
consider local specifics and gender roles to develop
effective and equitable conservation policies. To be
relevant, participatory management must therefore
recognize and integrate these complex dynamics to ensure
the sustainability of forest resources and the well-being of
communities.
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