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Abstract: The uncontrolled logging of Pterocarpus tinctorius Welw. in the Kasenga territory in the
southeast of the Democratic Republic of the Congo is of significant socioeconomic benefit, but
above all, it is a threat to the stability of forest ecosystems. Based on Landsat images from 2009,
2013, 2017 and 2021, the landscape dynamics of the Kasomeno region in the Kasenga territory, a
P. tinctorius exploitation area, was quantified using a mapping approach coupled with landscape
ecology analysis tools. The results reveal a continuous loss of forest cover over all the periods
studied, mostly between 2013 and 2017, primarily through the dissection of patches. Also, through
the spatial process of attrition, the fields recorded a regressive dynamic between 2013–2017, a sign
of abandonment of agricultural activity in favour of P. tinctorius illegal logging. These landscape
dynamics are the consequences of strong anthropic activities in the study area, leading to an important
spatial expansion of the savannah. Consequently, the level of landscape disturbance doubled from
0.8 to 1.7 between 2009 and 2021. Our results suggest that, without regulatory enforcement, illegal
logging of P. tinctorius seriously compromises forest ecosystem health and household food security in
the region.

Keywords: landscape dynamics; anthropisation; miombo woodland; agricultural development;
landscape ecology

1. Introduction

Deforestation is the conversion of a forest into another form of spatial cover or the
long-term reduction of forest cover below a threshold of ten percent [1]. Many of the
nations with the highest rate of deforestation have significant proportions of their forest
losses come from tropical dry forests, which have few areas of protected legal status [2].
Indeed, tropical forests are among the richest ecosystems on the planet [3,4]. However,
they are experiencing a decrease in their surface area and fragmentation, which would be
responsible for the disappearance of 7% of the non-harvested species associated with these
habitats [5].

Among these forest ecosystems, Miombo woodlands are the largest seasonal tropical
and dry forest formation in Africa, covering around 2.4 million km2 [6]. This type of
vegetation, dominant in southern Africa, is characterised by the predominance of species
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belonging to Brachystegia, Julbernardia and Isoberlinia genera, of the Caesalpionioideae sub-
family [7–10]. These forests are undergoing a fairly strong anthropic pressure [11]. In
DR Congo, they cover nearly 23% of the total forest area and remain the most dominant
type (>50%) in the former Katanga province [12,13] where the expansion of subsistence
activities (agriculture, fuelwood harvesting and charcoal production), coupled with the
accelerated demographic trends and urbanisation [13], is one of the main causes of its
regression [13–15].

In this region, because of the degradation and loss of forests, various negative effects
of the deportation of forest ecosystems can be observed. For example, many non-wood
resources, including harvested products such as honey, mushrooms and caterpillars are
gradually disappearing due to the selective cutting of host plants [16]. This deterioration
also leads to a significant reduction in game fauna and a progressive lack of animal proteins
generally obtained from hunting (game products) and gathering by the village popula-
tion [8]. Another consequence is the albedo, which results in the reduction of the number
of rainy days [17].

Several studies have shown the impact of anthropogenic pressures (threats) on these
forests, including (peri-)urbanization, agricultural development, charcoal production, col-
lection of non-timber forest products, etc. [14,18,19]. These anthropogenic activities lead
to the reduction of miombo woodland cover and the rarefaction of its patches around
villages [20–24].

This is particularly the case in the Upper Katanga Province, where the average yield
of maize on family farms fluctuates around 800 kg per hectare, while the daily income is
estimated at less than $1 per day [25]. Thus, the exploitation of Pterocarpus tinctorius, a
species of tropical trees in the Fabaceae family, known as padauk [26], has been shown
to make a significant socioeconomic contribution, given that the owners of private forest
concessions use local farming households as labour to cut wood for sale [27]. Indeed, in a
fragile economic context, local people care little about the sustainability of forest resources
and are only concerned with short-term survival objectives [28]. For years, P. tinctorius
has been exploited in Zambia to supply Chinese furniture manufacturing markets [27].
The production of P. tinctorius in Zambia was estimated around 110,000 cubic meters per
annum [29]. Due to the damage caused by its exploitation on forest ecosystems, Zambia
made combatting illegal logging of P. tinctorius one of its priorities in 2013 [29]. This has led
to a rush of illegal logging of P. tinctorius in the Upper Katanga province in southern DR
Congo, committed by Chinese individuals from Zambia where the legislation has restricted
them [27]. Locally, this species is used in traditional pharmacopoeia and as a dye [30],
which made it one of the species prized by the Asian market for the manufacture of luxury
furniture [31].

The Kasenga territory in the Upper Katanga province is no exception to the illegal
exploitation of P. tinctorius and, in fact, is regarded as the epicentre of this illegal exploitation.
A large part of its population has abandoned agricultural activities in favour of P. tinctorius
exploitation. This exploitation results in deforestation, followed by fragmentation of the
forest landscape [18]. Moreover, this deforestation is amplified by the presence of paved
roads that facilitate the transport of logs to Lubumbashi city [32], as is the case in the
Kasomeno region.

In the current context of power dualism in DR Congo, the quantification of landscape
dynamics in rural areas seems very opportune. In the Kasomeno region, issues of land
use/cover allocation and disallocation with significant consequences on the landscape are
the responsibility of traditional authorities [33]. The interaction between legal structures
and indigenous legal systems is common to most post-colonial states in Africa, including in
the DR Congo. The two systems have merged into a legal framework that is itself a source
of conflict. In rural areas, access to land is governed by traditional authorities, each of
whom is responsible for a terroir within the village boundary. Access rights differ according
to whether or not one belongs to the lineage. For members of the lineage, access to the land
is free of charge and allocation is made by the lineage chief. In the case of a non-native
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resident or someone not in the village, access to the land is regulated by the payment of a
fee in cash or in kind to the customary chief. In this context, a thorough understanding of
the latter phenomenon requires the contribution of landscape ecologists who study land
use dynamics [34].

The present study assesses landscape dynamics within the Kasenga territory in re-
sponse to the illegal exploitation of P. tinctorius. It is based on the hypothesis that the
enthusiasm of local populations for the uncontrolled cutting of P. tinctorius has led to land-
scape dynamics in the form of the retreat and isolation of forest areas and the abandonment
of certain agricultural areas.

2. Materials and Methods
2.1. Study Area: Kasomeno Area in Kasenga Territory

The Kasomeno area and its periphery is located in the Kasenga territory (9◦21′–11◦22′ S
and 26◦9′–28◦41′ E), in the southeast of the Haut-Katanga province in D.R. Congo (Figure 1)
at an average altitude of about 970 m. In this region, the climate is dry tropical and type Aw5
according to the Köppen classification system [35,36]. It is characterised by an alternating
dry season (May to September) and rainy season (November to March), separated by two
transition months (April and October). Average annual temperatures vary between 16 ◦C
and 33 ◦C, while a total rainfall of around 1260 mm [37] falls on soils whose main types
are Ferralsols [38]. The miombo woodland was the dominant vegetation in the area. It is
currently in a fragmented state due to significant anthropogenic activities [18]. Until 2013,
the fields and charcoal production were the main activities of the local population. The
local population is currently estimated to be around 100,000 people. Between 2013 and
2017, commercial exploitation of P. tinctorius intensified in several villages in the Kasenga
territory, starting from the town of Kasomeno, which is considered the epicentre of the
activity, and therefore, the area chosen for our study.
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2.2. Landsat Image Choice and Preprocessing

The study area of 986 km2 was extracted from four Landsat type images (30 m spatial
resolution) taken in the dry season over the period 2009–2021 with a time step of 4 years
and from the Thematic Mapper (of 11 July 2009) and Operational Land Imager (of 6 July
2013, 17 July 2017 and 26 June 2021). These images were chosen mainly on the basis of
their availability, seasonality and the objective of the study [39,40]. Furthermore, their
use allowed for the cover of three important periods: (i) before the illegal exploitation
of P. tinctorius in the study area (2009–2013), (ii) the period of full illegal exploitation of
P. tinctorius (2013–2017) and (iii) the period of the prohibition of the illegal cutting of P.
tinctorius (after 2017). The (pre-) processing of Landsat images was carried out in ENVI 5.3
and ArcGIS 10.2.2.

The radiometric correction of the images involved the subtraction of the darkness due
to the state of the atmosphere at the time of shooting. The images were then georeferenced
using the WGS-84 reference ellipsoid in the UTM Zone 35S datum. Finally, the mosaicking
was carried out using only two Landsat image scenes from 2009 in order to cover the entire
study area.

2.3. Landsat Image Classification

Based on the false color composite, produced from the mid-infrared, near-infrared and
red spectral bands for best vegetation discrimination [41], an unsupervised classification of
Landsat images was performed. This allowed for the clustering of land use classes in the
landscape [20].

Subsequently, a supervised classification of Landsat images based on the maximum
likelihood algorithm was performed after defining localised training areas using a Garmin
64 s GPS (3 m accuracy). For effective representation of the land cover types, the training
areas were visited in June-July 2021, in the middle of the dry season, with at least 35 poly-
gons per land cover. Four land covers were retained following supervised classification,
namely “forests” (miombo woodland, including patches of dry dense forest and gallery
forest); “savannahs” (grassy and shrubby formation, characterised by a low density of
trees: the grassy formation is more often replaced by bare land in the dry season, after the
passage of bushfire); “fields” (agricultural land after harvesting or occupied by annual and
off-season crops); and “other land uses” (the built-bare ground complex, water bodies and
the unclassified). It should be noted that the “forest” land cover is considered natural in the
studied landscape. Furthermore, the validation of the classifications was based on the visit
of 210 GPS points, independent of those used for the supervised classification. These points
were used to construct the confusion matrix for each Landsat image after classification.
The calculation of two indices, namely the overall accuracy and the Kappa index (κ), made
it possible to test the reliability of the classification carried out [42,43]. Thus, an adopted
classification is only considered admissible and its results judiciously usable when the
Kappa index evaluated in the classification operations is greater than 61% [42,44].

2.4. Landscape Dynamics Assessment

To establish the relationships between landscape configuration and associated ecologi-
cal processes in quantifiable terms, landscape metrics were calculated [45]. At the level of
land cover, the class area (CA) and average area (am) of patches per land cover type; the
total number of patches per land cover (PN) and their total perimeter (p); and the fractal
dimension of the land cover (Df) were calculated. The higher the human pressure on the
landscape, the lower the values of the fractal dimension. Df is obtained from the slope of
the regression line of the Neperian Logarithms of the perimeters according to the areas
of the patches in the classes [46,47]. Finally, the largest Patch Index (LPI), defined as the
ratio of the largest patch in the land cover class to the total area of the same class [48], was
calculated. Subsequently, at the landscape scale, the disturbance index, (U) defined by the
ratio of the cumulative area of the anthropogenic classes in the landscape to the cumulative
area of the natural class [46], was calculated.



Land 2022, 11, 1541 5 of 14

In addition, three transition matrices (2009–2013, 2013–2017 and 2017–2021) were used
to quantify the frequencies of area conversion/transfer between land cover during the
periods studied [49]. For a more in-depth reading of these transition matrices, the stability
index at the level of each land cover was calculated [47].

Finally, the identification of the spatial transformation processes of the natural and
anthropic land cover (relevant according to the study objective) in the landscape was
based on the decision tree algorithm [45]. This decision tree algorithm is focused on the
evolutionary trend in patch number, class area and patch perimeter between two dates [45].
The value of t = 0.5 was used to dissociate the process of fragmentation from that of
dissection, with values greater than 0.5 suggesting dissection, while those less than or equal
to 0.5 indicated the prevalence of fragmentation [41].

3. Results
3.1. Classification and Land Cover Mapping in the Kasomeno Region between 2009 and 2021

Supervised classifications of Landsat images based on the maximum likelihood algo-
rithm gave overall accuracies of 91% to 96%, with Kappa (κ) values ranging from 0.89 to
0.94. These results are acceptable and can be used judiciously. Furthermore, visual analy-
sis of the maps (Figure 2) shows a continuous regression of forest areas in all directions,
including along roads, to the benefit of anthropogenic classes, notably savannahs, which
have expanded dramatically.
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3.2. Landscape Composition within the Area of Illegal Exploitation of P. tinctorius in the Region of
Kasomeno from 2009 to 2021

Forests have continuously lost their cover over all study periods (Table 1). Their
coverage in the landscape dropped from 54.8% in 2009 to 36.4% in 2021. In contrast, over
the same period, the savannahs showed a progressive dynamic. Their area has increased
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by around 19% in twelve years. Also, with the exception of the period from 2013 to 2017,
fields have increased their extent in the landscape over all periods between 2009 and 2021,
with the area increasing from 1.8% to 2.3%. On the other hand, the area of the landscape
covered by other land cover underwent a transition from a regression phase (2009 and
2013) to an increase (2013–2021).

Table 1. Transition probability matrix of land cover between 2009–2013, 2013–2017 and 2017–2021.
The initial and final dates are presented in the rows and the columns, respectively, with values in
boldface referring to the stability proportions. The values in the table are expressed as a percentage
(%) of the total area of the study area (986 km2).

Forests Savannahs Fields Other Land Cover Total 2009

Forests 47.2 6.6 0.3 0.7 54.8
Savannahs 3.8 30.9 0.9 2.8 38.4

Fields 0.0 1.0 0.6 0.2 1.8
Other land cover 0.0 2.7 0.2 1.8 4.9

Total 2013 51 41.2 2.0 5.5
Stability index 4.1 1.7 0.2 0.3

Forests Savannahs Fields Other land cover Total 2013

Forests 40.2 10.1 0.2 0.5 51.0
Savannahs 2.5 34.9 0.6 3.2 41.2

Fields 0.0 1.2 0.4 0.5 2.1
Other land cover 0.1 3.1 0.0 2.4 5.6

Total 2017 42.8 49.3 1.2 6.6
Stability index 3.0 1.7 0.2 0.3

Forests Savannahs Fields Other land cover Total 2017

Forests 31.7 10.4 0.4 0.4 42.9
Savannahs 4.5 41.4 1.3 2.1 49.3

Fields 0.0 0.7 0.4 0.2 1.3
Other land cover 0.2 4.4 0.2 1.7 6.5

Total 2021 36.4 56.9 2.3 4.4
Stability index 2.0 3.0 0.1 0.2

The Forests recorded major spatial changes over all three periods of the study (2009–2013,
2013–2017 and 2017–2021). Between 2009 and 2013, 47.2% of the forest-covered landscape
remained intact, while 6.6%, 0.3% and 0.7% of the landscape occupied by forests in 2009 were
converted to savannahs, fields and other land cover, respectively. Also, forests were invaded
between 2013 and 2017 by savannah (10.1%), fields (0.2%) and other land cover (0.5%). Over
the same period from 2013 to 2017, only 40.2% of the landscape occupied by forest remained
stable. Finally, over the period from 2017 to 2021, although forests have remained stable in the
landscape at 31.7%, it should be noted that 10.4% of the landscape occupied by forests in 2017
has evolved into savannahs, compared to 0.8% that has evolved into fields and other land cover.

Analysis of the stability of the land cover shows that forest was the most stable over
the 2009–2013 and 2013–2017 periods. A transition was noted over the 2017–2021 period,
with the appearance of a new land cover that was the most stable, namely the “savannah”.
In addition, beyond the stability observed in the “forest” class, weak forest regeneration
trends were noted over the 2009–2021 period, particularly from savannahs (10.7%) and
other land cover (0.3%).

3.3. Landscape Spatial Pattern Dynamics

For all the periods considered between 2009 and 2021, forest recorded the process of
patch dissection, materialised by a decrease in the class area in parallel with the increase in
the number of patches (Table 2). In contrast, the increase in the class area of savannah patches
was accompanied by a decrease in the number of patches (2009–2013 and 2013–2017) and an
increase in the number of patches (2017–2021), which is a clear indication of patch aggregation
and creation, respectively. Apart from the attrition of field patches (2013–2017) and other land
cover (2017–2021), which is reflected in the decrease in the number of patches and their class
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area, both classes recorded the creation of patches (2009–2013, 2017–2021 for fields; 2009–2013,
2013–2017 for other land cover), especially as the increase in the class area was due to the
increase in the number of patches.

Table 2. Land cover spatial pattern dynamics in 2009, 2013, 2017 and 2021, and identification of spatial
transformation processes (STP) based on the decision tree algorithm of Bogaert [47]. N: number of
patches per class, CA: class area in km2 (%), am: average area of the land cover in km2, Df: the fractal
dimension of the land cover and LPI: Largest Patch Index (%).

Forests Savannahs Fields Other Land Cover

N 2009 5957.00 5663.00 3405.00 8709.00

CA 2009 540.20 (54.80) 377.99 (38.40) 18.30 (1.8) 49.70 (4.9)

am 2009 0.09 0.07 0.01 0.01

Df 2009 1.47 1.46 1.42 1.49

LPI 2009 56.30 87.10 5.90 53.20

N 2013 6070.00 5570.00 3224.00 9234.00

CA 2013 503.90 (51.00) 406.30 (41.20) 20.60 (2.1) 55.50 (5.6)

am 2013 0.08 0.07 0.01 0.01

Df 2013 1.45 1.46 1.39 1.48

LPI 2013 61.40 51.80 0.00 20.70

STP 2009–2013 Dissection Aggregation Aggregation Creation

N 2017 7483.00 5469.00 2288.00 10,432.00

CA 2017 422.10 (42.90) 484.90 (49.30) 12.70 (1.30) 66.40 (6.50)

am 2017 0.06 0.09 0.01 0.01

Df 2017 1.48 1.45 1.35 1.45

LPI 2017 65.60 60.10 2.20 21.40

STP 2013–2017 Dissection Aggregation Attrition Creation

N 2021 7730.00 7082.00 3807.00 9617.00

CA 2021 358.70 (36.40) 559.70 (56.90) 22.60 (2.30) 45.20 (4.40)

am 2021 0.05 0.08 0.01 0.01

Df 2021 1.46 1.45 1.36 1.44

LPI 2021 38.40 94.20 1.10 31.00

STP 2017–2021 Dissection Creation Creation Attrition

Table 2 shows that between 2009 and 2021, all the land cover recorded values of the
fractal dimension greater than and close to 1, reflecting a slight simplicity of patch shapes.
Furthermore, the largest patch index value, which was low in 2009 for the savannah,
increased remarkably in 2021. Conversely, the largest patch index value is decreasing for
the forest, especially since it has gone from 56% in 2009 to 36% in 2021. All of this seems to
confirm the phenomenon of environmental degradation and, thus, the anthropisation of
forest ecosystems, as confirmed by the evolution of the landscape disturbance index, which
rose from 0.8 to 1.7 between 2009 and 2021 (Figure 3).



Land 2022, 11, 1541 8 of 14

Land 2022, 11, x FOR PEER REVIEW 9 of 15 
 

of forest ecosystems, as confirmed by the evolution of the landscape disturbance index, 

which rose from 0.8 to 1.7 between 2009 and 2021 (Figure 3). 

 

Figure 3. Evolution of the level of disturbance in the Kasomeno area in 2009, 2013, 2017 and 2021. 

4. Discussion 

4.1. Uncontrolled Logging of Pterocarpus Tinctorius Welw., Miombo Woodland Deforestation 

and Agricultural Lands Dynamics within Kasomeno Region 

Miombo woodland has been identified as one of the highest priority ecosystems for 

conservation due to its high level of endemism and its place as an important carbon res-

ervoir [8,10,50,51]. More than 100 million people depend on this forest for their daily re-

quirements of (non-)wood forest products [8,52]. However, the activities that have been 

identified as responsible for the increased pressure on miombo in the Upper Katanga re-

gion are agriculture and the persistent increase in the urban demand for wood energy 

[53]. 

But this study shows that the landscape dynamics of the study area were character-

ised by a regression of forests at a variable rate of deforestation over the three periods 

studied (0.9% between 2009 and 2013; 2% between 2013 and 2017; and 1.6% between 2017 

and 2021). The intensification of human activities in the study area and the trade in P. 

tinctorius (between 2013 and 2017) are the major causes of these different variations. In-

deed, since the start of the illegal exploitation of P. tinctorius in 2013 in Upper Katanga, 

particularly in the Kasenga territory, the study area has seen a significant increase in its 

population. Thus, anthropic pressures have multiplied, as was the case during the liber-

alization of the mining sector in 2002 in the Katangese Copperbelt area [18]. The attraction 

of the local population to illegal exploitation is largely explained by the socioeconomic 

situation in Democratic Republic of Congo, where most of the population lives on less 

than $1.25 per day in the context of a tight labour market. In addition, the country ranks 

low on the human development index list and is experiencing various other socioecolog-

ical difficulties [54]. Thus, the illegal exploitation of P. tinctorius provides an important 

livelihood strategy for the population, who have moved to occupy the exploitation sites. 

In the rural area of Kasomeno, households cultivate a maximum of 2 ha of maize, produc-

ing around 1600 kg. With a ton of maize costing nearly $400, households earn barely $640 

over the year, meaning $1.75 is earned per day per farming household. Yet, the members 

of local communities who walk through the forest cutting P. tinctorius earn about $5 a day 

(personal communication from the provincial environmental coordinator). The impact of 

having many people in the middle of the forest has implications in terms of soil degrada-

tion, ecosystem destruction and, ultimately, a loss of biodiversity [55,56]. 

The deforestation rates recorded in this study over the three periods studied are far 

higher than those estimated at the national level (0.2%) [57,58], though close to those (0.6–

1.8%) reported for the former Katanga province [59] or the region of Lubumbashi [60]. 

Almost 70% of the Congolese population lives in rural areas. Their activities are based on 

agriculture, gathering and wood exploitation. These activities, which also constitute the 

Figure 3. Evolution of the level of disturbance in the Kasomeno area in 2009, 2013, 2017 and 2021.

4. Discussion
4.1. Uncontrolled Logging of Pterocarpus tinctorius Welw., Miombo Woodland Deforestation and
Agricultural Lands Dynamics within Kasomeno Region

Miombo woodland has been identified as one of the highest priority ecosystems for
conservation due to its high level of endemism and its place as an important carbon
reservoir [8,10,50,51]. More than 100 million people depend on this forest for their daily
requirements of (non-)wood forest products [8,52]. However, the activities that have been
identified as responsible for the increased pressure on miombo in the Upper Katanga region
are agriculture and the persistent increase in the urban demand for wood energy [53].

But this study shows that the landscape dynamics of the study area were characterised
by a regression of forests at a variable rate of deforestation over the three periods studied
(0.9% between 2009 and 2013; 2% between 2013 and 2017; and 1.6% between 2017 and
2021). The intensification of human activities in the study area and the trade in P. tinctorius
(between 2013 and 2017) are the major causes of these different variations. Indeed, since
the start of the illegal exploitation of P. tinctorius in 2013 in Upper Katanga, particularly
in the Kasenga territory, the study area has seen a significant increase in its population.
Thus, anthropic pressures have multiplied, as was the case during the liberalization of the
mining sector in 2002 in the Katangese Copperbelt area [18]. The attraction of the local
population to illegal exploitation is largely explained by the socioeconomic situation in
Democratic Republic of Congo, where most of the population lives on less than $1.25 per
day in the context of a tight labour market. In addition, the country ranks low on the human
development index list and is experiencing various other socioecological difficulties [54].
Thus, the illegal exploitation of P. tinctorius provides an important livelihood strategy for
the population, who have moved to occupy the exploitation sites. In the rural area of
Kasomeno, households cultivate a maximum of 2 ha of maize, producing around 1600 kg.
With a ton of maize costing nearly $400, households earn barely $640 over the year, meaning
$1.75 is earned per day per farming household. Yet, the members of local communities who
walk through the forest cutting P. tinctorius earn about $5 a day (personal communication
from the provincial environmental coordinator). The impact of having many people in the
middle of the forest has implications in terms of soil degradation, ecosystem destruction
and, ultimately, a loss of biodiversity [55,56].

The deforestation rates recorded in this study over the three periods studied are far
higher than those estimated at the national level (0.2%) [57,58], though close to those
(0.6–1.8%) reported for the former Katanga province [59] or the region of Lubumbashi [60].
Almost 70% of the Congolese population lives in rural areas. Their activities are based
on agriculture, gathering and wood exploitation. These activities, which also constitute
the basis of their income and food, rely on natural resources [18,54]. The sale of forest
products, which is both a source of employment and income, involves the populations of
Lubumbashi city in the context of the Kasomeno area. The high demand for forest products
by households in Lubumbashi justifies the regression of woody forest resources in the
periphery of the city, the radius of which increases over time [20].
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The regression of forests in the study area has favoured the progression of anthro-
pogenic classes, mainly savannahs. This regression is believed to be a consequence of
multiple and repeated intrusion of local populations into the forests for various activities,
notably timber cutting [8,18]. Many authours also claim that the causes of the regression
in the quantity and quality of forest ecosystems are anthropogenic [57,58,60]. Ref. [8]
considers southern Katanga savannahs to be a result of forest landscape anthropisation.
Indeed, the opening of the forest canopy following various anthropogenic activities allows
light penetration favourable for the development of herbaceous species, most of which are
heliophilous [61]. Indeed, forest areas with frequent human activities generally show a
more noticeable opening of the canopy than the reference forest. This favours the devel-
opment of herbaceous species and leads to the conversion of forests into savannahs. In
fact, wooded, arboreal and shrub savannahs are rarely natural in the region and, therefore,
their importance increases with the increase in anthropogenic activities [8]. Subsequently,
when abandoned, savannahs with significant wooded, arboreal and shrub cover record a
densification of wooded pockets, thus corroborating the meagre tendency toward forest
regeneration recorded in this study.

In addition, the fields also lost their surface area between 2013 and 2017, which is a sign
of the abandonment of agricultural activities in the area. Alternatively, illegal P. tinctorius
exploitation seemed to be a secure and rapid source of income. Indeed, the high demand
for P. tinctorius over the abovementioned period has attracted several farming households,
some of whom are forced to pay less attention to their fields, as they only provide a very
low daily income compared to the sale of P. tinctorius. This situation is comparable to that of
the Mutshatsha territory in DR Congo where artisanal mining has led to the abandonment
of farming activities [18]. Also, some authours have noted that the artisanal exploitation of
natural resources generally pushes people in rural areas to abandon their land in search of
more remunerative activities [62]. On the other hand, ref. [63] believes that abandoning
farmland is a rational behaviour. The farmer stops farming when the costs of production
exceed the benefits of agricultural production [64,65].

Agriculture, as one of the activities on which the economy and food supply of Kasenga
households are based, has been adversely affected by the illegal exploitation of P. tinctorius.
A similar trend has been observed in the Kabonwule region of northern Ghana, where local
farmers have complained about the massive destruction of their farmland as a result of the
illegal exploitation of Pterocarpus erinaceus [64]. Apart from Ghana, illegal logging of the
species known as “rosewood” has spread to other African countries, notably Nigeria, Zambia
and Madagascar, due to the rapid increase in demand in Asia (mainly China) [29,65,66].

The results on the structural pattern analysis of the Kasomeno area revealed that the
forest, considered a natural ecosystem in the landscape, underwent dissection as a spatial
transformation process. It is recognised that when a natural landscape undergoes human-
influenced transformations, perforation comes before dissection, followed by shrinkage
or fragmentation [67]. This is not the case with the results of the present study. This may
be related to the very short time step in the present study on the one hand, and on the
other hand, it may be due to the government measure declaring the ban on the exploitation
of P. tinctorius after 2017. This measure reduced the extent of deforestation, but did not
reverse the trend. Also, the decrease in the pressure on forest ecosystems, favoured by the
same measure, has resulted in a weak reconstitution of forest patches in some parts of the
study area. The limitation of the extent of the anthropisation of miombo woodland, resulting
from better implementation of forest protection measures, was demonstrated in the Bururi
Forest Reserve near Bujumbura city [68]. Ref. [69] indicated that current human pressures
on forest resources prevent the regeneration of natural plant formations, which are thus
seriously threatened. Furthermore, the fractal dimension calculated for all classes revealed
a slight simplicity in their task forms. This can be explained by the fact that the exploitation
or cutting of P. tinctorius was done in a selective way, and it is almost rare to find stands
grouped in the same places.
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4.2. Implications for Sustainable Miombo Woodland Management and Food Security

Despite the significant socioeconomic contribution of the exploitation of P. tinctorius in
the study area, it has strongly contributed to the imbalance of ecosystems [27]. This can
be explained by the fragile economic context in which these populations find themselves,
which only allows them to display minimal concern for the sustainability of natural re-
sources, which do not pertain to short-term survival objectives [28,70]. Forest ecosystems
are undeniably necessary for the survival of local populations [54]. Woody species provide
humans with leaves, flowers, fruits, seeds and products made from plants such as farming
tools (axe and knife handles), furniture (chair, bed, stool), household utensils (mortar, pestle,
basket) and cleaning products (rope, incense, soap). Some authours argue that natural
vegetation is a vital element and a precious capital for humans, providing for the multiple
needs of a fast-growing population [71]. However, in the context of the Kasomeno region,
illegal logging has led to a reduction in patch size and isolation for many species. The
same form of logging has been identified in Indonesian villages as one of the factors that
have contributed to the imbalances in forest ecosystems [72,73]. In addition, the Kasomeno
area is located less than 75 km from Kundelungu National Park where several human
intrusions have been reported. With the remoteness of the forest resources, the risk of
local communities exploiting the park resources is clearly high. It is important to improve
criminal justice efforts to combat illegal logging [74,75] and implement an integrated and
participatory management policy through community forestry. This approach has worked
well in Mampu and the Batéké Plateau in southwestern D.R. Congo, in the province of
Kinshasa [76]. There is a link between the stability of natural resources and the poverty
of populations [77]. This poverty often affects people living in rural areas, whose depen-
dence on forests is deeply rooted in history [78]. However, the success of the approach
to sustainable forest management in these environments depends mainly on reducing
poverty through the development of other income-generating activities, including agricul-
ture. However, our results also point to the abandonment of farming activities by a fringe
of the population, to the benefit of the illegal exploitation of P. tinctorius. This situation
threatens the food security of populations that depend heavily on agricultural crops, but
also on the collection of non-timber forest products (NTFPs), for their subsistence [63,71,79].
One of the unfortunate and visible consequences of this situation is the presence of large
quantities of imported manufactured goods on local markets. In a region where yields of
the main crops are clearly low compared to the optimum, the rush of farming households
to exploit P. tinctorius will lead to food insecurity beyond the region’s borders, particularly
in Lubumbashi city where some markets are supplied by agricultural produce from the
adjacent rural area. It is important to make agriculture competitive with other economic
activities in the region through better supervision of producers by public services. Farming
households should also be trained in agroforestry [80], in particular the practice of planting
crops next to indigenous miombo species of economic interest, notably P. tinctorius, a po-
tential candidate species for the restoration of degraded miombo due to its abundance of
biomass [81]. Finally, despite the efficiency and feasibility of our methodology, the study
was not able to identify the spectral signature of P. tinctorius communities or quantify their
spatiotemporal dynamics using satellite images of very fine spatial resolution. Furthermore,
it did not integrate the perception of local communities. Nevertheless, our study confirmed
the main trends in landscape dynamics in southern Katanga, where the ecological balance
of forest landscapes is significantly disturbed and will be even more so in the coming
decades. The objective of such a study is to alert decision-makers and populations to the
evolutionary trend of natural vegetation formations if current practices are not rapidly
modified; this is considered in a context where the economic growth of this rural area will
continue to depend on slash-and-burn agriculture and forest exploitation for a long time to
come, not to mention a galloping demography.
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5. Conclusions

The aim of this study was to assess the landscape change in Kasenga territory in
response to the illegal exploitation of P. tinctorius. Our results confirm the view that
forest cover has experienced a marked regression in area between 2013 and 2017, with the
configuration of the study area undergoing significant changes over this 12-year period.
The landscape matrix, which was characterised by forest in 2009, is dominated by savannah
in 2021. On the other hand, during the same period, the surface area and number of
agricultural tasks have also decreased, as a consequence of the abandonment of agricultural
activities. The imbalance of forest ecosystems has materialised through forest dissection
and conversion to savannahs, and other land uses, which have extended their hold on the
landscape through the creation and aggregation of patches. These results were supported
by the analysis of the level of disturbance in the landscape, which doubled between 2009
and 2021, reflecting the anthropisation of the natural class.

The present study was limited to the detection and quantification of anthropogenic
effects on the landscape. Our results are necessary to address the negative impacts associ-
ated with the illegal exploitation of P. tinctorius in the study area and show the urgency of
putting policies in place to improve the socioeconomic conditions of the populations in the
short-term. These results can be supported by the analysis of other anthropogenic factors
responsible for forest degradation in the region, allowing for the prediction of changes that
may occur in the future, in order to develop research and conservation options.
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