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Extensive logging in miombo
woodlands threatens resource
Nexus potential for diverse values
of nature: lessons from
Dzalanyama Forest Reserve in
Malawi

Yamikani Harry Makwinja*?** and Dalitso Mkhwimba?

Technische Universitat Dresden, Faculty of Environmental Sciences, Institute for International and
Tropical Forestry, Dresden, Saxony, Germany, 2United Nations University-Institute for Integrated
Management of Material Fluxes and Of Resources, Dresden, Saxony, Germany, *Department of
Forestry, Ministry of Natural Resources and Climate Change, Blantyre, Malawi

Logging in protected areas is widely acknowledged as a sustainability dilemma,
as it sits at the centre of conservation and community livelihood goals. But is this
position supported by scientific evidence? Our study used Dzalanyama Forest
Reserve in Malawi as a case study to (1) examine the effects of logging on tree
species diversity, (2) determine community perceptions on drivers of logging,
and (3) explore the impact of logging on the water-energy-biota-soil (WEBS)
nexus. To achieve this, we employed an explanatory sequential mixed methods
approach. Our study showed that (a) extensive logging in protected forest areas
reduces tree species diversity. We observed that the alpha («) tree species diversity
in the least logged and most logged areas did not differ significantly (p > 0.05).
However, the beta (f) species diversity between the least and most logged sites
differed significantly at a 95% confidence level, with Shannon indices of 2.55 and
1.15, respectively. (b) We reported corruption as the primary driver of logging, as
perceived by local communities, with a weighted average index of 0.092, followed
by weak law enforcement (0.088) and energy poverty (0.087). (c) Logging in
protected areas significantly weakens the WEBS Nexus. We reported a positive
correlation between tree species diversity and WEBS Nexus. These results suggest
that extensive logging in Miombo woodlands reduces resource Nexus synergies
while increasing trade-offs. Therefore, understanding the dynamics of forest
resources triggered by logging in protected areas may inform policy direction
and guide sustainable forest management planning.
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1 Introduction

The Miombo woodlands of southern Africa are vital ecological zones characterized by
their rich biodiversity and play a critical role in supporting local livelihoods. This unique
ecoregion, which primarily consists of tree species of genera Brachystegia, Isoberlinia and
Julbernardia, is not only essential for maintaining ecological balance but also underpins
various socio-economic activities through forest products (e.g., timber and non-timber), and
ecosystem services (Pascual et al., 2023). Miombo woodland is more pronounced in protected
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areas. According to the International Union for Conservation of
Nature (International Union for Conservation of Nature, 2008), a
protected area is a “clearly defined geographical space, recognised,
dedicated and managed, through legal or other effective means, to
achieve the long-term conservation of nature with associated
ecosystem services and cultural values” According to Wilkie et al.
(2006), protected areas are environmentally sensitive tracts of land
that are purposefully delineated, reserved, and protected from
extensive external interference, including anthropogenic activities
such as logging, hunting, and unprescribed fire. They are crucial in
delivering essential ecosystem services such as climate regulation
(Grey et al., 2016; Pascual et al., 2017; Pascual et al., 2023; Uprety et al.,
2025; Martin et al., 2012), biodiversity conservation (e.g., pollination;
O'Farrell et al., 2009), groundwater recharge (Reibeiro et al,, 2015),
soil erosion control (Chappa et al., 2024), and pollination (Martin
etal,, 2022). Despite their significance, there is ongoing concern about
substantial deforestation within Protected Areas across the globe
(Sheil, 1999; Wilkie et al., 2006; Mauambeta et al., 2010). One
significant means of forest exploitation in protected areas is logging,
which has detrimental implications for forest dynamics (White, 1993;
Uprety et al., 2025). These disturbances play a crucial role in shaping
forest conditions and the nexus of environmental resources. Logging
significantly influences key processes in forest ecosystems by altering
tree species diversity, nutrient and energy cycling, biomass
accumulation, hydrological regimes, and other key ecosystem
processes (Pascual et al., 2023). Such alterations affect forest dynamics
by removing key tree species and disrupting ecological processes
(Mponya et al., 2021). The forest’s ability to regenerate naturally is
retarded, leading to shifts in species richness, loss of biodiversity, and
weakened ecosystem function (Chidumayo, 2004; Uprety et al., 2025).
Furthermore, the structural changes caused by logging, such as canopy
gaps, exacerbate the challenges of forest recovery, making conservation
efforts more complex (Chidumayo, 2004; Tobias, 2015).

As population growth and resource use dynamics evolve, the
demand for forest resources intensifies, often compromising the
integrity of protected ecosystems (Thorn et al., 2017). This alarming
trend is exacerbated by community encroachment logging, which is
frequently justified as a win-win resource benefit sharing but can have
severe repercussions on biodiversity and ecosystem functions (Taylor
and Lindenmayer, 2019). In the context of Dzalanyama, the challenge
lies in balancing the need for sustainable resource utilisation by local
communities with the imperative to maintain the ecological health of
the forest reserve (Edwards et al., 2010). It has become evident that
logging, even when regulation is purportedly in place, continues to
disrupt wildlife habitats and diminish biodiversity values (Wong et al.,
2024). Concern also arises from studies indicating that logging
activities, particularly in miombo woodland, have lasting negative
impacts on forest composition, structure, and ecosystem services
(Montejo-Kovacevich et al., 2022). These impacts extend beyond the
immediate area subjected to logging, influencing adjacent ecosystems
and obstructing the natural processes vital for species recovery, habitat
restoration and provision of diverse values of nature (Shchur et al.,
2017; Pascual et al., 2023). Extensive logging within these woodlands
poses severe threats to their ecological integrity and the broader
resource nexus that connects human well-being to forest health.
Logging activities driven largely by the demand for fuelwood and
charcoal lead to significant deforestation and habitat degradation in
the miombo woodlands. Research indicates that biomass removal,
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primarily linked to tree harvesting and land clearing for agriculture,
results in substantial carbon emissions, contributing to climate change
and biodiversity loss (Pelletier et al., 2018; Dewees et al., 2010). The
degradation of these woodlands not only disrupts local ecosystems but
also diminishes the availability of forest-derived resources essential for
the survival and economic stability of rural communities (Oranu et al,,
2022; Magalhaes, 2025).

Moreover, the social dynamics surrounding illegal wood
harvesting reveal that such practices commonly erode the abundance
of valuable hardwood species, leading to a shift towards less
commercially viable softwood types with long-term detrimental
impacts on biodiversity (Muboko et al., 2019; Bruschi et al., 2014). The
intricate relationship between local communities and these woodlands
underscores the necessity for sustainable management practices. It is
evident that while participatory forest management (PFM) initiatives
have been implemented with the intent of resource conservation and
improved livelihoods, they often fall short of achieving desired
outcomes, highlighting the disconnect between policy intentions and
ground realities (Senganimalunje et al., 2015; Munthali et al., 2018).

In particular, the Dzalanyama Forest Reserve in Malawi serves as
a poignant case study, highlighting the multifaceted challenges arising
from illegal logging practices and resource extraction, which
compromise both conservation efforts and community livelihoods.
Lessons from the Dzalanyama Forest Reserve underscore the urgent
need for integrated management approaches that encompass both
ecological conservation and socio-economic development.
Understanding the root causes of deforestation and developing
appropriate policies are critical to preserving the ecological functions
of miombo woodlands while simultaneously supporting the
livelihoods of communities that depend on them (Coutts et al., 2019;
Muledi et al., 2016). As pressures from logging intensify, forthcoming
research seeks to shed light on the interplay of ecological degradation
and socio-economic vulnerability within these crucial habitats,
advocating for strategies that harmonize human activities with
ecological sustainability.

2 Analytical framework

The analytical framework of our study is anchored on a hybrid of
the socio-ecological co-evolution framework (Figure 1) described by
Berkes et al. (1998) and the Resource Nexus Framework by Brouwer
etal. (2023). Such a hybrid framework is a practical and theoretical
blueprint to elucidate the dynamics and nexus surrounding
environmental resources, nature, and society (Pretzsch et al., 2014;
Kimengsi et al., 2023; Brouwer et al., 2023). It allows for a distinction
between human and ecological systems, incorporating citizen
knowledge and scientific discoveries in theorising sustainability
dilemmas in miombo woodland, particularly in protected areas like
Dzalanyama forest reserve. Additionally, the framework illustrates the
interactions between the conservation goals and the socio-economic
goals triggered by forest resource use practices like logging (Berkes
et al.,, 1998; Pretzsch et al.,, 2014; Kimengsi et al., 2023; Brouwer
etal., 2023).

The frameworks design reflects our understanding of the
interactions among the social system (resource users), economic
system, governance (the institutions that shape these systems), and the
environmental system. This framework is justified for this study for
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Energy-Biota-Soil.

A hybrid analytical framework of the study adapted from Berkes et al. (1998), Kimmins (2000a, 2000b), and Brouwer et al. (2023). KEY: WEBS-Water-

several reasons. Firstly, forest resources, particularly in miombo
landscapes (e.g., Dzalanyama Forest Reserve), are facing increasing
pressure to meet the consumptive demands of population growth (e.g.,
Water, food, and energy), creating a serious sustainability dilemma.
Therefore, resource use practices must strike a balance between
environmental conservation and economic goals (Chappa et al., 2024).
Secondly, climate change exacerbates human suffering worldwide
(e.g., poverty, food insecurity, and extreme weather). Mitigation and
adaptation to climate change must be understood at all levels of
society (Ofremu et al., 2024) (Equations 1-8). Lastly, Resource Nexus
outcomes driven by logging in protected areas require further
exploration to inform policymakers about the future governance of
forest resources.

The Dzalanyama Forest Reserve in Central Malawi serves as a
significant case study, embodying the complexities of resource
management within a biodiversity hotspot. Recent studies have
underscored that while protected areas are essential for conserving
biodiversity, they are increasingly threatened by illegal logging
activities and changes in land use driven by local and global economic
pressures (Brandt et al., 2015; Asefa et al., 2015; Chang and Turner,
2019; Birhane et al., 2020). Mponya et al. (2021) in Malawi explored
the correlation between the extent of disturbances and tree species
richness in forest reserves but did not explore the extent to which such
disturbances could affect tree species diversity and Resource Nexus.
Similarly, Munthali and Murayama (2011) assessed the logging
activities of miombo woodlands in Malawi but did not theorise it in
the context of the protected area. Furthermore, no study was
conducted in Dzalanyama Forest Reserve to explore the impact of
logging on the WEBS Nexus. As such, a noticeable research gap exists
concerning the impact of logging on the reserve’s species diversity, the
perceived drivers by local communities and the impact of logging on
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the nexus of environmental resources. In this research, we seek
answers to the following questions: (1) How does logging influence
tree species diversity? (2) How do communities perceive the drivers
of logging in Dzalanyama? and (3) What is the impact of logging on
the WEBS Nexus? Obtaining evidence-based answers to these
questions is crucial for informing forest actors to advance nature-
positive policies and interventions for sustainable forest management.

3 Methods and materials

3.1 Study area

The Dzalanyama Forest Reserve (Figure 2) is a protected area in
Malawi that was gazette in 1922 as a forest reserve to protect
biodiversity and provide watershed management for Lilongwe city.
The reserve covers an area of 988 km?, that stretches across three
districts: Lilongwe (619 km?), Dedza (356 km?), and Mchinji (14 km?).
Dzalanyama Forest Reserve lies between latitudes 14.18° and 14.61° S
and longitudes 33.35° and 33.92° E. Its elevation ranges from 1,100 to
1,650 meters above sea level, contributing to its subtropical highland
climate. It is located on a range of hills known as the Dzalanyama
Hills, which form the western border between Malawi and
Mozambique (Munthali and Murayama, 2011).

The natural vegetation of Dzalanyama forest reserve is dominated by
Miombo woodland, alongside two established plantations: Dzalanyama
Timber Plantation (Pine: 18 km?®) and Katete Plantation (Eucalyptus:
32 km?). This study focuses primarily on the Miombo Woodland, which
covers most of the natural forest. Miombo woodland is a tropical forest
in southern Africa with dominant tree species of genera Brachystegia,
Julbernardia, and Isoberlinia (Chidumayo, 2004; Njoghomi et al.,, 2024).
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FIGURE 2

Map of Malawi showing the location of Dzalanyama forest reserve and surrounding villages.
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These tree species shed their leaves during the dry season. The open
canopy allows sunlight to reach the ground, supporting the growth of
grass and shrubs beneath. This creates a rich habitat for flora and fauna,
serving as an essential resource for local communities.

3.2 Field measurements

Dzalanyama Forest Reserve was selected for this study because of its
unique biodiversity characteristics, diverse natural values, and ongoing
clandestine logging, especially for charcoal production and fuelwood. Its
proximity to Malawi’s capital city, Lilongwe has increased the demand for
charcoal and timber, resulting in forest degradation. The reserve also
provides essential ecosystem services that are vital for the livelihoods of
both rural and urban communities. As a protected area, the Dzalanyama
forest reserve is a baseline for measuring changes in tree species diversity
and its implications on the nexus of environmental resources and
community livelihoods. We collected comparative data in the least-logged
sites and most-logged sites to assess the impacts of logging. These sites
were selected based on disturbance intensity for field measurement. This
was achieved through consultations with locals who provided insights
into the areas history and current status. On-ground assessments
complemented these consultations to ensure accuracy. The criteria used
to assess disturbance levels included indicators of human activities, such
as tree stumps, laps and tops and charcoal pits. Based on these insights,
two sites were selected for detailed examinations; site one was assigned as
the least logged, and site two as the most logged area.

The vegetation survey was conducted in 30 concentric plots: 15
plots in the most logged areas and the other 15 plots in the least logged
areas. At each sampling plot, three concentric circular plots of radii
6 m (0.01 ha), 12 m (0.05 ha), and 20 m (0.13 ha) plus a regeneration
plot of radius 2 m were laid out (Figure 3; Table 1).
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To ensure accuracy and efficiency in data collection, two trained
inventory teams were deployed, each consisting of four members: a
team leader, a plant botanist, and a tree measurement specialist. The
teams were equipped with the necessary tools. Each had a botanist from
the National Herbarium and Botanical Gardens to help identify each
tree and stump recorded in the field. This was necessary as each stump
was identified to the species level based on characteristics such as bark
texture and coppice shoots, ensuring accurate species identification.
The teams systematically sampled the most and least disturbed areas of
the Dzalanyama Forest Reserve. However, these concentric plots
targeted different tree size classes: small trees (5-14.9 cm) dbh, medium
trees (15-29.9 cm) dbh and big trees (>30 cm) dbh (Njoghomi et al.,
2020). The inventory for this study was conducted in August 2024.

3.3 Survey data collection

A guided literature review was conducted where 16 documents,
including seven empirical articles related to the Dzalanyama forest
reserve, Forest (Amendment) Act, (2019), Environmental Management
Act, (2017), the National Census Report (National Statistical Office of
Malawi, 2019), Forest Inventory Report for Dzalanyama Forest Reserve
and the National Biomass Energy Strategy were fully synthesized
(Figure 4). The purpose of this guided literature review was to gain a
deeper understanding of the history, context, and social relations of
forest resource use practices in Dzalanyama forest reserve (Cleaver and
de Koning, 2015; Kimengsi et al., 2022). This literature synthesis further
guided the development of the research instruments, resulting in a
checklist for focus group discussions and a questionnaire for interviews.
Using the checklist, we conducted a total of five Focus Group Discussions
(FGDs), one in each of the following villages: Joni, Phinifolo, Mkaliwafa,
Tandwe and Mbwadwera, following the approach proposed by Finch
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Content analysis of 16 documents

* Forest (Amendment) Act,(2019)

* National Forest Policy (2016)

* Local Government National
Policy (2024)

* Disaster Risk Management
Act,(2023)

* National Biodiversity Strategy and
Action Plan II (2015-2025)

* Environmental Management Act
(2017)

* National Development Strategy,
Agenda (2063)

* Water Resources Act,(2013)

* Forest Landscape Restoration
Strategy

* Empirical articles on
Dzalanyama (7)

FIGURE 3
Data collection chart for the study.

TABLE 1 Tools used in the forest inventory and their function.

No Inventory Tool Function
Diameter at Breast Height
1 Diameter tape
(DBH)
Height of a tree and distance
2 Vertex
between trees
3 Hand held compass Bearing of the site
4 Calliper Stump diameter
5 Linear tape Stump height
Determine the coordinates of
6 GPS
the sites
7 Inventory Register To record steps and results

etal. (2014). In each FGD, at least 12 participants were systematically
selected and organised to fairly represent men, women, boys, girls and
people with disabilities. They were asked open-ended questions to (1)
discuss forest resource use practices in their area, (2) their relationship
with Dzalanyama forest reserve, (3) forest governance issues, and the
impact of logging in Dzalanyama on WEBS Nexus. This information
informed the development of the questionnaire for the household
survey and validated findings from the empirical analysis of our study.
These were situational groups assembled by the researchers only for this
study, with memberships composed of individuals linked to forest
resource use practices in Dzalanyama. On average, FGDs lasted for
about 45 min. Additionally, we conducted Key informant interviews to
obtain experts perspectives on forest resource use practices and
governance of the Dzalanyama forest reserve. The District Forestry
Officer (DFO) for Lilongwe and five Forestry Extension Officers were
interviewed as experts with the guidance of a checklist. We further
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interviewed 578 households to gather historical perspectives, their
experiences, forest resource use practices and perceptions over drivers
of logging in the Dzalanyama forest reserve (O 'Farrell et al., 2009). Field
data collection occurred between August 10 and October 30, 2024.
Before data collection started, the English version of the research
instruments was reviewed by peers and translated into the local language
(Chichewa). The study was conducted in the villages adjacent to the
Dzalanyama forest reserve, and their communities directly depend on
the forest for their livelihoods. Therefore, the selected five villages
presented the best case for this study. The interviews and FGDs were
conducted in the Chichewa language to obtain better information on the
study subject. However, our data collection team comprised Indigenous
people who were comfortable to have conversations either in Chichewa,
or English language. Although the researcher took notes, all interviews
and discussions were recorded after obtaining the respondents’ verbal
consent. The researchers brought forward issues during the focus group
discussions and sought clarifications from the key informants. The
respondents were informed that they could withdraw at any point
during the interviews, should they feel uncomfortable with the exercise.

3.4 Statistical analyses

3.4.1 Tree species diversity

Tree species diversity means species abundance and distribution
(Kimmins, 2004). The number of distinct species found in each plot
was calculated to determine species abundance, while the evenness of
the tree species was calculated to determine species distribution.
We used the Dplyr package in R Software, which offers robust data
manipulation and summary tools (Wickham et al., 2023). The number
of distinct species in each group was calculated after the data was
grouped by plot ID and Logging level. A summary of species
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FIGURE 4
Sample plot design for forest resource assessment.

abundance across different logging levels was calculated, including the
mean, median, standard deviation, minimum, and maximum richness
values. These descriptive statistics provided an overview of variability
among logging levels and patterns of species richness. The
non-parametric Wilcoxon Rank-Sum Test was used to determine the
significance of the differences in species richness between sites with
varying logging levels (Wilcoxon, 1945). This function is suitable for
comparing distributions when the assumptions of parametric tests,
such as normality, are not satisfied. We also used the iNEXT
(Interpolation and Extrapolation) package (Chao et al, 2014) to
calculate and visualise rarefaction and extrapolation sampling curves,
specifically focusing on species richness and diversity within the
Dzalanyama Forest Reserve (Kimmins, 2004). The iNEXT tool
estimates diversity by considering both observed species (interpolation)
and extrapolated diversity, offering insights into potential diversity
levels that could be observed with additional sampling effort (Chao
et al,, 2014; Gotelli and Colwell, 2001). The iNEXT approach uses
mathematical formulations to quantify species richness and diversity
indices across varying sample sizes. For interpolation and extrapolation,
the formula estimates richness based on observed data and provides an
unbiased, minimum-variance estimate for smaller sampling sizes
(Chao et al., 2014).

S(t)=Sops — X [T_tYij

ST 1
v
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Where:

o Sops = Observed species richness,

o T =Total number of individuals in the sample,
« Y; = Abundance of the i th species,

o t = Sample size of the rarefied subset.

Extraction extends the rarefaction curve beyond the observed
sample size using:

.

t
L] @)

§(T+t*)=s +Qpx| 1= 1-—
obs TR0 TQy+Q

Where,

o Qg = Estimated numb er of undetected species,

» Q; = Number of singletons (species observed only once),
« t" = Additional sampling effort,

o T =Total number of individuals in the original sample.

For this analysis, we specifically focused on species richness
(q=0), which represents the total number of species without
considering their relative abundance (Chao et al., 2014). This measure
is particularly suited for comparing biodiversity in the least and most
disturbed areas, as it emphasizes raw species count. The rarefaction
and extrapolation curves, plotted for q = 0, provide insights into how
species richness responds to varying levels of sampling effort in each
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forest site, highlighting the potential biodiversity differences between
these two disturbance levels.

To assess species diversity in both the least and most logged
areas of Dzalanyama Forest Reserve (DFR), we calculated the
Shannon-Wiener Diversity Index (H'; Shannon and Weaver, 1963;
Kimmins, 2004) using species abundance data. The Shannon-
Wiener Index is a widely used metric for species richness and
evenness. This index is particularly useful in this study for
comparing biodiversity across areas with different levels of
disturbance, such as varying logging intensities. A vegan package
was used to calculate the Shannon index for each plot (Oksanen
etal., 2024). The diversity function from the package was employed
to compute the negative logarithm of the proportion of individuals
belonging to the species (H').

The Shannon-Wiener Index (Shannon and Weaver, 1963) "H’ is
calculated using the following formula:

i=1
H,:_%Pi logy, pi 3)

Where:

o § = Total number of species.

o P, =Proportion of individuals belonging to species i (i.e.,
relative abundance).

o b=Base of the logarithm; natural logarithms (base e) are
typically used.

Descriptive statistics were computed for the Shannon-Wiener
Index at each logging level using the dplyr package (Shannon and
Weaver, 1963; Kindt and Coe, 2005; Wickham et al., 2023; R Core
Team, 2024) to examine the impact of logging on species diversity.
This analysis facilitated a clear diversity comparison between the
least-disturbed and most-disturbed areas. Subsequently, a Wilcoxon
Rank-Sum Test (Wilcoxon, 1945) was conducted to determine
whether significant differences in species diversity existed between
the two logging levels.

3.4.2 Species composition

To assess the ecological importance of different species in both
the least and most logged areas of Dzalanyama Forest Reserve
(DFR), the Importance Value Index (IVI; Nguyen et al., 2014) was
calculated. The IVI is a commonly used metric in forest ecology to
determine the relative importance of species within a community
by considering their abundance, dominance, and distribution. It is
particularly useful for comparing species composition and structure
between areas with varying levels of disturbance, such as different
logging intensities. The IVI was calculated as a summation of the
relative frequency, the relative density, and the relative dominance
(Nguyen et al., 2014). It ranges between 0 and 300, with higher
values indicating greater ecological importance within
the community.

The IVI was calculated as the sum of three components:
Relative Density, Relative Frequency, and Relative Dominance,
each expressed as a percentage. The calculations were conducted

using the Biodiversity R package (Kindt and Coe, 2005), which
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enables a robust analysis of species contributions to the overall
ecosystem structure and composition. The following equations
were used:

3.4.2.1 Relative density (RD)

RD=Xm 100 ()
YK

K, = Total number of individuals of a species on a given
logging level.

2K = Total number of all individuals of all species on a given
logging level.

3.4.2.2 Relative frequency (RF)

RF:ixloo (5)
SF

F = Frequency of a species on a given logging level.
2 F = Total frequency of all species on a given logging level.

3.4.2.3 Relative dominance (RDo)

RDO =5 %100 (6)
>F

B; = Basal area of a species on a given logging level.
2 F = Total basal area of all species on a given logging level.
The IVI is then calculated as:

IVI=RD+RF + RDo )

3.4.3 Community perceptions

The ranking of community perceptions on the drivers of logging
was done by the Principle of the Weighted Average Ranking Index.
This was used in similar studies by Musa et al. (2006) in Sudan,
Solomon etal. (2017) in Ethiopia and Munthali et al. (2018) in Malawi,
and is computed as follows:

R,Ci +R,1C,y ...+ RICy,

8
ZR,,CI +R,1C,...+ RC, @®

index =

Where R, = Value given for the least-ranked level (For example,
the least ranked level of this study was 5). R, , =4, R, = 1; C, = the
counts of the least ranked level (in the above example, the count of the
5% rank), and the count of the 1st rank = C,.

Data collected through FGDs and key informant interviews were
qualitatively analysed using deductive content analysis (Creswell and
Creswell, 2018; Kimengsi et al., 2022). A non-parametric test
(Pearson’s chi-square) was used to determine the differences and
associations between the selected socio-economic variables and
community perceptions of the drivers of logging in the Dzalanyama
Forest Reserve. Logistic regression analysis was performed to identify
the most influential drivers (Equation 9). By determining the drivers
of logging at the household level, the dependent variable was the
community’s perception of the identified drivers. In contrast,
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independent variables included socio-economic characteristics, such
as age, gender, family size, education, and land-holding size. Logistic
analysis at the household level estimated the probability of the effects
of the independent variables on the dependent variables (Musa et al.,
2006; Solomon et al., 2017; Munthali et al., 2018):

Logit (Y) =0 +B;X; +BoX; +B3X5+-+-+Bn Xy ©9)

Where Y=dependent variable indicating the likelihood that Y= 1,
a = the intercept, f, ... f,=coeflicients of associated independent
variables, and X, ... Xn = independent variables.

3.4.4 Impact of logging on resource Nexus

To assess the impact of logging on Resource Nexus parameters
(e.g., Water, Energy, Biota and Soil), we used ArcGIS Pro to
determine the Normalised Difference Vegetation Index (NDVI)
NDVTI and Net Primary Production (NPP). This information was
differentiated as dependent variables, while climatic, social,
economic, and geographical parameters of Dzalanyama landscape
were independent variables. The relationship between vegetation
response and independent parameter indicators was initially
explored using an Analysis of Variance (ANOVA) test to assess their
significance. To further investigate potential interactions (Nexus)
between variables, we conducted a multicollinearity examination
among the variables. Multicollinearity refers to the extent to which
independent variables correlate (Zarei et al, 2024). High
multicollinearity can compromise regression model reliability by
obscuring the effects of independent variables. Therefore,
autocorrelation and multicollinearity assessments were performed
to examine interactions and ensure the robustness of the model.
These models utilised the Shannon index for both the most and
least logged areas (e.g., NDVI and NPP). The aim was to assess
vegetation dynamics indicators (NDVI, NPP) to the independent
variable parameters. The performance and accuracy of the
developed regression models were evaluated using cross-validation
and validation indices. Cross-validation entails partitioning the
data into subsets, training the model on some subsets, and
validating it to ensure it performs well on unseen data. Validation
indices, such as R-squared, mean squared error, and others, were
used to quantify the model’s accuracy and predictive power (Zarei
et al., 2024). Using multiple regression models with projected
(e.g.,
Evapotranspiration) as predictors, vegetation dynamics indicators

climate variables Precipitation, Temperature and

(NPP, NDVI), water security, biodiversity and energy security
indicators were estimated. By examining these variations, we can
empirically trace areas where logging might most impact water,
biota, and soil dimensions in the

energy, resource

nexus constellation.

4 Results

4.1 Effect of logging on tree species
diversity

The study revealed a generally diverse array of tree species (2,545
trees) with diameters at breast height (DBH) greater than 5 cm. Of
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these trees, 1,798 were found in the least-logged areas, while 747 were
recorded in the most logged areas. These trees represented 70 species
overall, with 57 species identified in the least-disturbed areas and 46 in
the most-logged areas. Species richness was highest in the least-logged
areas and lowest in the most-logged areas. The Wilcoxon rank-sum
test indicated a significant difference in species richness between the
least-logged and most-logged areas (p < 0.05), where the species
diversity increases as the number of species in the least logged areas
increases. In most logged areas, species diversity increases more slowly
(Figure 5). The curve reveals higher species diversity throughout the
least-logged areas, reaching approximately 60 species, and consistently
lower diversity at around 45 in the most-logged areas. The shaded
regions around each curve represent confidence intervals, indicating
minimal overlap between the two areas. This implies a statistically
significant difference in richness between the two logging levels.

A total of 11,507 regenerants were recorded for the two logging
levels. Among these, 8,278 were found in the most logged areas, while
3,229 regenerates were discovered in the least logged areas. These
regenerants represented 101 species, with 57 species identified in the
least logged areas and 77 in the most logged areas. This suggests that
areas with higher levels of logging exhibit greater species richness than
those with lower levels. Furthermore, the Wilcoxon rank-sum test also
indicated a significant difference in species richness between the least
and most logged areas, reinforcing this conclusion.

4.1.1 Key

Sample-size-based rarefaction (solid lines) and extrapolation
(dashed lines) sampling curves in Figure 5, with 95% confidence
intervals comparing species richness (q = 0) for the least and most
logged areas.

The Shannon-Wiener diversity index (Figure 6) indicates that tree
diversity is higher in areas that have been least logged than those that
have been most logged. The least-logged areas exhibit a higher median
index of approximately 2.5, with less variability, which reflects more
extraordinary species richness and evenness. In contrast, the most
logged areas have a lower median index of around 1.5 and more
significant variability, suggesting reduced diversity and uneven species
distribution due to the impacts of logging. Interestingly, most-logged
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FIGURE 5
Comparative species diversity between Least-logged and Most
logged areas.
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areas reported higher diversity for regeneration than the least-logged
areas. The average value of the Shannon diversity index (H’) was also
significantly higher (p <0.05) in the most-logged areas (2.14)
compared to the least-logged areas (1.75).

Both the least-logged and most-logged areas shared several
species, but disturbances such as logging led to the introduction and
establishment of species adapted to these altered conditions. As a
result, species composition in the studied forests has shifted due to
disturbance. For instance, 33 species were common to both areas,
while 24 species were exclusive to the least-disturbed areas, and 13
were unique to the most-disturbed regions. In the least-logged areas,
Julbernardia paniculata was the most dominant species with an
Importance Value Index (IVI) of 50.9, followed by Uapaca sansibarica
(36.0), Brachystegia longifolia (16.8; Figure 7). In contrast, Uapaca
sansibarica was the most dominant species in the most-logged sites
with an IVI of 51.0, followed by Lannea discolor (39.3), and Uapaca
kirkiana (37.5). Certain species like Dichrostachys cinerea, Dombeya
rotundifolia, and Flacourtia indica were found exclusively in the most-
logged areas. Conversely, important tree species such as Anisophyllea
boehmii, Azanza garckeana, and Faurea rochetiana were only present
in the least-logged areas.

A total of 79 species were recorded in the regeneration areas: 77 in
the most-logged areas and 57 in the least-logged areas (Figure 6). Grey
bars represent common species in both areas, and white bars represent
unique species in each area. Of these, 52 species were common to both
logging areas, 25 species were unique to the most-logged areas, and 5
species were found only in the least-logged areas. In the least-logged
areas, the most dominant species was Julbernadia paniculata, with 758
counts, followed by Uapaca kirkiana, with 441 counts and Brachystegia
spiciformis, with 278 counts. In the most-logged areas, Julbernadia
paniculata was also the most dominant, with 1,405 counts, followed
by Uapaca sansibarica with 827 counts and Lannea discolour with 578
counts. Certain species, such as Azanza gackeana, Combretum molle,
and Magnistipula buteii, were found exclusively in the least-logged
areas. In contrast, some species, like Anisophyllea formea, Annona

10.3389/ffgc.2025.1610680

senegalensis, and Brachystegia floribunda, were predominantly found
in the most logged areas.

4.2 Community perceptions on the drivers
of logging in Dzalanyama Forest Reserve

The socioeconomic and demographic attributes of the sampled
households are presented in Table 2. The results revealed that the age
of the respondents ranged from 18 to 95 years, with an average age of
41.3 years. About 91.5% of the respondents lived in the study area for
more than a decade, and they had a better account of the logging
activities in the Dzalanyama forest reserve. The majority (75.9%) of
the respondents were married, at least 61.5% of the sampled
households were female, and 73.1% were male-headed. The results
also indicated that household size ranged from one person to 15
people, with an average of 6.2 persons. With respect to their education
status, 79.3% of the respondents were literate, and 19.6% had never
attended school. Approximately 88.5% of the sampled households
were engaged in farming activities, and a small portion of the
respondents (18%) were involved in non-farm activities, such as
businesses, professional work, and craft work. The mean household
income of the respondents was USD 471,36 (MK 826,951.92) per
year. At least 91.3% of the respondents use charcoal or fuelwood for
cooking and heating.

We reported that corruption among the actors across Dzalanyama
Forest reserve structures was perceived as the highest driver of logging
(Table 3), with a weighted Average index of 0.09152, followed by Weak
law enforcement (0.08838) and Energy poverty (0.08798).
Nevertheless, the local communities perceive urbanisation as the least
driver to logging in Dzalanyama with an index value of 0.07064,
followed by lack of civic education (0.7733) and lack of enabling
processes (0.07734).

The descriptive statistics results revealed that the respondents’
education level, religion, and age significantly affected (p < 0.05) the
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TABLE 2 Sampled household characteristics in the communities adjacent

Dzalanyama Forest Reserve (N = 578).

Household attributes Value

Mean household age (years) 41.3
Gender (female, %) 61.5
Head of the family (male, %) 73.1
Marital status (married, %) 75.9
Education (literate, %) 79.3
Occupation (Farmer, %) 88.5
Mean household size (no.) 6.2
Mean land holding size (hectares) 2.04
Ethnic group (Chewa, %) 60.8
Mean income (MK/year*) 826,951.92
Sources of income (farming, rank) 1
Use of fuelwood/charcoal (%) 91.3%

perceptions of local communities regarding the drivers of logging in

the Dzalanyama forest reserve (Table 4). On the other hand, gender

and marital status (p > 0.05) did not have a significant influence on the

respondents’ perception towards drivers of logging in Dzalanyama

forest reserve.

4.3 Effects of logging on

water-energy-biota-soil Nexus

We report that logging in protected areas either strengthens or

weakens the Resource Nexus, and in rare exceptions, the status of the

environmental resources remains unaffected. The strong positive
correlations were reported between NDVI and NPP/ET/T (r = 0.95,
p <0.001) for all independent variables. This suggests that the least
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logged areas with higher vegetation health demonstrate greater
productivity, higher evapotranspiration rates and relatively higher
temperatures (Zarei et al., 2024). Furthermore, the partial correlation
analysis, which accounted for precipitation, temperature, and ETO,
revealed a statistically significant and relatively strong positive
correlation between NDVI and NPP, with a correlation coefficient of
0.71 (p < 0.001). This result indicates a significant correlation between
the vegetation index and primary productivity, even after controlling
for various environmental factors. Specifically, an increase in
vegetation health and density is moderately associated with increases
in primary productivity. We also observed multicollinearity below 0.5
among all the predictors for both NDVI and NPP. According to Zarei
et al. (2024), any value below the commonly cited threshold of 0.5
suggests some degree of correlation among the predictor variables, but
it is not severe enough to cause significant issues with the regression
analysis. The prediction model’s performance indicated good and
acceptable results, confirming that variations in Dzalanyama forest
biotic and abiotic parameters contain reasonable explanatory power
in explaining changes in Dzalanyama. The least logged Sites show low
temperatures and high precipitation. Secondly, most logged areas
experience high temperatures and evapotranspiration, resulting in
significant water loss from the trees. The third finding highlights that
areas with high precipitation and evapotranspiration have a significant
impact on soil moisture and the health of vegetation. By analysing
these results, actors can understand how species diversity in protected
areas interacts with other environmental resources. Energy use in
Malawi is primarily driven by biomass, predominantly wood and
charcoal, accounting for at least 86% of overall energy use and up to
99% for household use (Government of Malawi, 2023). Although
Hydroelectricity is Malawis largest electricity generation source,
providing up to 90% of the total electricity, its access is limited to
urban areas and industries. This means logging transforms protected
areas from high biodiversity of flora to reduced terrestrial biodiversity,
but also increases surface run-oft and soil erosion. Such alterations
render the soil unproductive for crop production, particularly cereals
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TABLE 3 Community perceptions on drivers of logging in Dzalanyama Forest Reserve (N = 578).

Perceived driver

Number of respondents per rank

4 5 Weight Index

Corruption 202 136 117 94 29 2,122 0.091520745 1
Weak law enforcement 197 156 70 74 81 2048 0.088329164 2
Energy Poverty 198 130 80 84 86 2004 0.086431467 3
High demand for timber 205 114 103 89 67 2035 0.087768481 4
High cost of Agriculture inputs 198 102 135 94 49 2040 0.087984128 5
Shrinking disposable income 199 115 103 68 93 1993 0.085957043 6
Population growth 178 155 66 70 109 1957 0.084404382 7
Food Insecurity 161 124 93 106 94 1886 0.081342189 8
Weak structures at all levels 159 185 88 71 75 1874 0.080824636 9
Lack of enabling processes 98 173 106 95 106 1796 0.077460537 10
Lack of civic awareness 116 120 161 69 112 1793 0.077331148 11
Urbanisation 108 125 94 65 186 1,638 0.07064608 12
Total 23,186

(e.g., Maize), the staple food of Malawi. Furthermore, soil erosion may
lead to the siltation of important rivers for electricity generation, such
as the Shire, which hosts several major hydroelectric power stations.
The siltation of rivers may also cause water pollution and reduce
aquatic biodiversity (e.g., Fish). The fishing industry is a crucial food
and economic resource in Malawi, particularly among local
communities (Simmance et al., 2021). Based on the technological
analysis of such interactions and results from focus group discussions
and ethnography, we estimated that logging has significant trade-offs
among environmental resources (e.g., water, energy, biota, and soil).
This information is essential for sustainable development planning,
biodiversity conservation and climate resilience.

5 Discussion

5.1 Effects of logging on tree species
diversity

In this study, 2,545 trees with a diameter at breast height (DBH)
greater than 5 cm were recorded, revealing a notable discrepancy
between the least logged and most logged areas. Specifically, 1,798 trees
were found in the least-logged areas, whereas only 747 were identified
in the most-logged zones. These trees represented 70 species, with 57
species identified in the least-logged regions and 46 in the heavily
logged areas. The results indicated significantly higher species richness
in minimally disturbed areas compared to heavily logged sections, as
confirmed by a Wilcoxon rank-sum test (p < 0.05; Yamashina et al,
2020: Sheil, 1999; Tobias, 2015). This trend corroborates findings from
similar studies, indicating that logging activities diminish biodiversity
within miombo woodlands (Gongalves et al., 2017; Koller and Samimi,
2011; Pascual et al., 2023; Santos et al., 2024).

The species diversity curve in our study demonstrates this
divergence, highlighting that the least-logged areas consistently
sustain higher species diversity (Martin et al., 2022). This supports
the hypothesis that logging has a negative influence on ecological
diversity, as the least-disturbed areas displayed an average of 60
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species (Putz et al., 2012). In contrast, the most-logged regions had
approximately 45 species (Loft et al., 2024). Furthermore, 11,507
regenerants were documented, with 8,278 located in areas with
heavy logging. A diverse assemblage of 101 species was identified
among these regenerants, challenging conventional notions that
high logging intensity universally correlates with lower species
richness. Notably, while the least-disturbed areas preserved 57
regenerating species, the most-disturbed regions exhibited a
surprising increase to 77 species. This observation is contextualised
by the introduction of species that are better adapted to post-
disturbance environments (Chidumayo, 2013).

Additionally, the Shannon-Wiener diversity index demonstrated
the pronounced difference in tree diversity across logging levels; the
least-logged areas exhibited a median index of approximately 2.5,
characterised by more excellent uniformity and richness, contrasting
sharply with the 1.5 index in the most-logged areas, which experienced
more significant variability, indicative of a disrupted ecosystem
(Mwakalukwa et al., 2014). The assessment also revealed 33 species
common to both logging levels, while 24 species were exclusive to the
least-disturbed areas and 13 unique to the most-logged, further
illustrating how anthropogenic disturbances alter species composition
within these forest ecosystems (Gongalves et al., 2017).

5.2 Community perceptions on the drivers
of logging in Dzalanyama Forest Reserve

The socio-economic and demographic characteristics of the 578
sampled households revealed critical insights into community
perceptions regarding logging activities. The age of respondents
ranged from 18 to 95 years, with an average of 41.3 years. A significant
majority (91.5%) had lived in proximity to the Dzalanyama Forest
Reserve for over a decade, providing them with substantial contextual
knowledge of logging impacts. Most respondents (75.9%) were
married, and the gender distribution leaned heavily towards male-
headed households (73.1%). Approximately 88.5% of this population
engaged primarily in farming, representing a community dependent
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TABLE 4 Determinants of community perceptions on drivers of logging in Dzalanyama (n = 578).

Perceived driver Independent variable Estimate Std. error p-value
Corruption Mean household age (years) 0.008 0.005 0.039
Gender (1 = Male) 0.471 0.284 0.635
Head of the family (male, %) 0.341 0.269 0.066
Marital status (married, %) 0.007 0.005 0.139
Religion (Christian, %) 0.321 0.372 0.032
Education (literate, %) —1.022 0.085 0.004
Weak law enforcement Mean household age (years) —0.009 0.006 0.001
Gender (female, %) 0.006 0.043 0.773
Head of the family (male, %) 0.334 0.411 0.235
Marital status (married, %) 0.044 0.061 0.521
Religion (Christian, %) 0.361 0.373 0.026
Education (literate, %) —0.071 0.408 0.001
High cost of agriculture inputs Mean household age (years) 0.003 0.006 0.005
Gender (female, %) 0.521 0.328 0.635
Head of the family (male, %) 0.382 0.251 0.066
Marital status (married, %) 0.031 0.004 0.139
Religion (Christian, %) 0.366 0.392 0.032
Education (literate, %) —1.022 0.342 0.005
High demand for timber Mean household age (years) —0.007 0.012 0.043
Gender (female, %) 0.061 0.055 0.052
Head of the family (male, %) 0.461 0.467 0.205
Marital status (married, %) 0.352 0.493 0.401
Religion (Christian, %) —0.044 0.032 0.007
Education (literate, %) 0.051 0.378 0.026
Energy Poverty Mean household age (years) 0.062 0.003 0.033
Gender (female, %) 0.621 0.801 0.722
Head of the family (male, %) 0.265 0.203 0.041
Marital status (married, %) 0.077 0.071 0.126
Religion (Christian, %) 0.321 0.304 0.028
Education (literate, %) —1.066 0.542 0.007
Shrinking disposable income Mean household age (years) 0.037 0.003 0.012
Gender (female, %) 0.527 0.801 0.722
Head of the family (male, %) 0.268 0.203 0.041
Marital status (married, %) 0.103 0.071 0.426
Religion (Christian, %) 0.362 0.308 0.023
Education (literate, %) —1.057 0.541 0.005
Population growth Mean household age (years) —0.009 0.008 0.023
Gender (female, %) 0.036 0.058 0.567
Head of the family (male, %) 0.473 0.447 0.877
Marital status (married, %) 0.371 0.406 0.103
Religion (Christian, %) 0.045 0.037 0.041
Education (literate, %) 0.311 0.374 0.004

on the natural resources provided by the forest (Wallenfang et al.,
2015; Rono et al., 2019).

Community perceptions identified corruption as the foremost
driver of logging, followed closely by weak law enforcement and energy
poverty. Interestingly, urbanisation was ranked as the least significant
driver. Statistical analysis revealed that variables such as education level
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and religion had a substantial effect on perceptions of logging drivers,
while factors like gender and marital status did not show a significant
influence (Reibeiro et al,, 2015). This aligns with previous research
indicating that local socio-economic dynamics help shape user
perceptions and their relationship with natural resource exploitation in
miombo ecosystems (Malunga et al., 2021; Kamusoko et al., 2014).
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5.3 Effects of logging on the
water-energy-biota-soil Nexus

Our analysis reveals that logging within protected areas
significantly impacts the Resource Nexus, which comprises the
interconnected biotic and abiotic components of ecosystems. A robust
positive correlation was observed between the Normalised Difference
(NDVT)
Evapotranspiration/Temperature (NPP/ET/T), where the least-logged

Vegetation Index and Net Primary Productivity/
areas exhibited higher indices, signifying healthier vegetation and
greater productivity levels (r=0.95, p <0.001; Loft et al, 2024;
Manyanda et al., 2020). These findings prompt vital discussions about
the repercussions of logging on local microclimates and the
consequent impact on agricultural productivity, which heavily relies
on these forest ecosystems (Pascual et al., 2023; Santos et al., 2024).

The implications extend to alterations in soil moisture and
vegetation health resulting from varying rates of evapotranspiration
due to logging intensity (Pascual et al., 2023). Notably, increased
logging typically results in elevated temperatures, leading to
irreversible ecological changes, such as water scarcity and increased
soil erosion, which negatively impact crop productivity, particularly
that of staple crops like maize (Chappa et al., 2024). Consequently,
logging activities not only threaten terrestrial biodiversity but also
exacerbate resource shortages and diminish the overall ecological
functionality essential for local livelihoods (Mwakalukwa et al., 2014;
Puspita and Wisanti, 2023).

Considering that this study only focused on the Dzalanyama
forest reserve in central Malawi, it is important to note that the
ecological complexity of Miombo woodlands poses a challenge for
generalisation. Variability in species composition, soil health, and
Studies have
demonstrated that Miombo ecosystems can regenerate under certain

biomass dynamics is highly context-specific.

conditions, complicating assessments of logging impacts. For instance,
Jew et al. (2016) observe the resilience of some species despite
deforestation, suggesting that degradation may not be uniform across
all areas (Manyanda et al., 2021). Thus, a limitation of the study could
be the overemphasis on degradation without adequately accounting
for areas with robust recovery potential or varying ecological
responses to logging (Nghonda et al., 2024).

Moreover, anthropogenic influences extend beyond logging;
pressures from agriculture, shifting cultivation, and fire regimes
interact and compound the impacts on biodiversity and carbon stocks
(Manyanda et al,, 2021). Frequent fires can lead to significant
alterations in woodland structure, potentially overshadowing the
impacts of logging if not adequately controlled and studied in tandem
(Kimmins, 2000a, 2000b; Chidumayo, 2004; Manyanda et al., 2020).
This suggests that the findings from this study may not adequately
distinguish the effects of logging from other environmental and
anthropogenic drivers, potentially leading to skewed conclusions
regarding the relationship between logging practices and
ecosystem health.

Our methodological approach, including sample size and the
selection of inventory plots, was guided by the local communities and
entirely depended on visual assessments to distinguish the least-
logged and Most logged areas. Such an approach can lead to
insufficient data on species interactions and ecosystem services,
undermining the study’s conclusions about the diverse values of
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nature (Bulenga et al., 2023). Comprehensive assessments would
require a more systematic approach to data collection that
accommodates the heterogeneity of the woodland ecosystems.

However, our study highlights substantial trade-offs among
environmental resources resulting from logging in the Dzalanyama
Forest Reserve, underscoring the urgent need for sustainable resource
management approaches that balance human needs with ecological
health (Chappa et al., 2024). Effective conservation strategies must
incorporate community insights to mitigate the adverse impacts of
logging and ensure the integrity of the Water-Energy-Biota-
Soil Nexus.

6 Conclusion

The findings from this study highlight the profound impact of
logging activities on tree species diversity and community
relationships within forest ecosystems in the Dzalanyama Forest
Reserve. Our assessment revealed significant discrepancies in
species richness and biodiversity between least-logged and most-
logged areas, confirming that increased logging leads to reduced
species diversity and altered forest composition. The estimated 70
species present in the forest indicate a healthy diversity. However,
this richness was notably diminished in heavily logged regions,
providing clear evidence of the adverse ecological consequences of
logging practices.

Moreover, the community perception analysis highlighted the
socio-economic drivers of logging, identifying corruption, weak law
enforcement, and energy poverty as primary contributors to
unsustainable logging practices. This reflects a complex interplay
between local socio-economic conditions and forestry management,
where the livelihoods of surrounding communities are heavily reliant
on forest resources. The significant correlation between socio-
economic factors and perception indicates that continuous
engagement with local communities is crucial for fostering sustainable
practices and protecting biodiversity.

Additionally, evaluating the water-energy-biota-soil nexus
elucidated the intricate interdependencies between ecosystem health
and community well-being. The analysis demonstrated that logging
threatens biodiversity and exacerbates significant challenges such as
soil erosion, surface runoff, and water scarcity, which are pivotal to
agricultural productivity and local food security. The strong
correlations between vegetation health (NDVI) and primary
productivity in least-logged areas further affirm the critical role of
intact ecosystems in maintaining ecological balance and supporting
human activities.

In light of these results, this study emphasises the urgent need
for sustainable forest management strategies that incorporate
community perspectives and prioritise biodiversity conservation.
Policy interventions should focus on combating corruption,
strengthening law enforcement, and addressing energy poverty.
Promoting participatory forest management can empower local
communities to engage in forest conservation actively, thus
reconciling ecological integrity with socio-economic well-being.
We recommend that forest actors, including policymakers in
Malawi, craft a public policy based on the findings of this study.
They should especially develop and revamp processes (e.g.,
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policies and strategies) and structures to effectively reduce illegal
logging, corruption, empower actors and promote community
surveillance in forest use practices such as payment for ecosystem
services and community-based carbon trade initiatives to reduce
dependence on logging. In conclusion, the case of Dzalanyama
Forest Reserve serves as a critical reminder of the intricate
balance required for effective resource management. Sustainable
practices that respect both the ecological value of these miombo
woodlands and the livelihoods of local communities are essential
for preserving this unique ecosystem for future generations. To
ensure a viable future, stakeholders must align conservation
efforts with forest-dependent communities’ socio-economic
realities, fostering a more holistic approach to managing Malawi’s
natural resources.
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