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Abstract: This study assessed the structure and composition of a Miombo woodland
stand subjected to selective logging through a forest inventory, measuring all trees with
DBH ≥ 10 cm across 34 plots (1 ha each) for diameter, height, stem quality, and health
status. The stand had a mean stem density of 255 stems/ha, basal area of 15 m2/ha,
above ground biomass of 110 Mg/ha, and total volume of 145 m3/ha. The Fabaceae family,
particularly Brachystegia spiciformis, dominated the composition. Diversity indices revealed
moderate diversity (Shannon = 2.3, Simpson = 0.8, Pielou = 0.6), with a few dominant
species. The diameter distribution followed a reverse J-shaped pattern typical of Miombo
woodlands. The study (LevasFlor. (2024). Plano De Maneio Da LevasFlor, LDA) highlighted
common features of selectively logged woodlands, including a low occurrence of large-
diameter individuals from high-value commercial species, prevalence of disturbance-
tolerant species, and limited regeneration for some species. These findings underscore the
need for management strategies that balance ecological and socio-economic factors, mitigate
logging impacts, promote regeneration, and ensure long-term sustainability. Effective
policies are crucial for maintaining the ecological integrity and economic value of Miombo
woodlands while addressing climate resilience and biodiversity conservation.

Keywords: selective logging; woodland structure; species composition

1. Introduction
Mozambique has four forest types, namely mopane, mecrusse, semi-deciduous, and

semi-evergreen forests [1]. Among these, the predominant forest type in the country is
the semi-deciduous forest, which includes Miombo woodlands (MW’s), that covers two-
thirds of the country’s forested area [1]. These woodlands provide a wide range of socio-
economic benefits, on which communities living in their vicinity are highly dependent [2–4].
Additionally, these woodlands provide ecosystem services including mitigating the effects
of climate change [2,5].

The structure and composition of these woodlands are influenced by rainfall gradi-
ent [6], species tolerance to shade and fire [7–9], edaphic factors, herbivory, successional
stage, as well as past and current land use and management practices [10–12]. The rainfall
gradient divides MWs into dry and wet Miombo [6]. According to [7–9], usually, pioneer
species are highly intolerant to shade but highly tolerant to fire, while climax species show
high shade tolerance and low fire tolerance. Thus, after a disturbance, MWs undergo
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an ecological succession process, in which pioneer species that are light-demanding and
fire-tolerant are gradually replaced by shade-tolerant species that are more susceptible
to fire, indicating a dynamic process where each stage facilitates the next [8,9]. However,
climax MWs also include species that are tolerant to both shade and fire [7–9]. Within
this successional process, the typical and dominant Miombo species are primarily from
the genera Brachystegia, Julbernardia, and Isoberlinia [6,13], which are characteristic of
intermediate successional stages [7–9]. These species are moderately sensitive to fire and
require some degree of shading to establish [7–9]. However, within a single stand, there is
a significant overlap in the presence of these species groups [8,14], and as noted by [15], the
distinctiveness of this grouping may be debatable.

Additionally, the structure and composition of MWs can be affected and altered by
the wood extraction to which they are subjected, mainly through commercial logging,
charcoal production, and fuelwood collection [3,16,17]. The following methods support
these extractions, namely complete coppice, clear-cutting, coppice with standards, and
selective logging [18]. Among these wood exploitation methods, selective logging is the
most prominent in Mozambique [19], as well as at global level [20–22]. This predominance
of selective logging stems from the belief that this practice promotes the maintenance of
woodland structure and canopy cover by minimizing disturbance, and is therefore widely
regarded as a good forestry practice for preserving biodiversity and sustainability [20,22].

However, selective logging by targeting a few of the largest trees of high-value com-
mercial timber species [23–25] can change the structure, composition, and value of these
woodlands [26–28], unless practiced at very low harvest intensities [21,29,30]. Additionally,
this practice has the disadvantage of favoring the regeneration of shade-tolerant species
at the expense of light-demanding species, which are generally the most valuable species
in Miombo woodlands [24,25]. This is because the canopy gaps caused by the fall of in-
dividual trees due to selective logging are not large enough to promote the regeneration
and vigorous growth of light-demanding species [5,31,32]. The selective logging also lacks
interventions that promote adequate regeneration, growth, or quality of future trees within
MWs [2,3]. This factor, combined with the promotion or inhibition of grass growth, due
to its influence on the frequency and intensity of fire, can also affect species composition
based on the fire tolerance of these species [7,8,32]. Hence, this practice has been shown to
alter structure, composition, and commercial value of these woodlands [26–28], especially
through reduction of stem density, basal area, total and merchantable wood volume, and
stand biomass [21,30], leading to its degradation or even deforestation [29].

Looking at the dynamics of MWs, it is evident that a study promoting an effective
description and understanding of the stand’s structure and composition is crucial for
evaluating the economic, ecological, and climatic value of the stand [33]. This can provide
guidance on the availability of resources, as well as the impacts and benefits resulting
from different levels and combinations of their exploitation. This information can guide
management strategies, optimizing the exploitation, conservation or even the restoration
of these woodlands [34–41]. Finally, this description can also work as a baseline study [38].

The parameters of structure and composition are therefore useful tools for the qual-
itative and quantitative description and monitoring of the resources of a stand [40–42].
Furthermore, characterizing these stands based on the percentage of wood from differ-
ent categories (e.g., commercial species, commercial species with marketable diameters,
high-value species, rare species) can provide valuable insights into the current and future
merchantable value of the forest [43–45]. It can also shed light on the potential effects
of interventions, such as timber exploitation, on woodland resilience, species reduction,
biomass extraction, and consequently on carbon sequestration, storage and removal [43–46].
Thus, this study aimed to describe the structure and composition parameters of a Miombo
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woodland under selective logging based on the following trees categories: all species
combined, each high-value species, the most abundant species in the stand, and the most
abundant non-commercial species. The structural description was based on the mean
per hectare of stem density, basal area, total volume, stem volume, and above ground
biomass, while the composition description included the Shannon index, Simpson index,
and Pielou index.

The findings will improve our understanding of the structure, composition, and
various values of this woodland, as well as how logging can affect these parameters in
this and other woodlands. This knowledge will support adaptive forest management by
optimizing harvesting intensities to create suitable gap sizes for seedling establishment and
developing fire management strategies to maintain stand integrity.

2. Materials and Methods
2.1. Study Area

The study was conducted in the woodland concession of LevasFlor, Lda, located in
Sofala Province, central Mozambique (Figure 1). The region has a tropical savanna climate
with an annual rainfall of 1000–1200 mm, primarily occurring between November and
March. The mean annual temperature ranges from 24 to 26 ◦C [47,48]. The terrain is
predominantly flat, with elevations between 0 and 200 m.a.s.l. Soils are sandy, well drained,
and characterized by low nutrient content and water retention capacity. The vegetation
consists mainly of semi-deciduous Miombo woodlands [47,48].
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Since its establishment in 2005, the LevasFlor woodland concession in Sofala Province
has covered 46,239 ha, subdivided into 20 annual cutting blocks. Logging is carried out
through selective harvesting, regulated by species-specific minimum cutting diameters and
an annual allowable cut (AAC). The AAC is determined based on the individual volume of
80% of the trees with commercial quality for each species, ensuring that 20% of the trees
of each exploited species with acceptable commercial quality remain in the stand. The
harvesting of 80% of the trees with commercial quality equates to an average of two trees
per hectare (LevasFlor, 2024).

The company’s primary silvicultural practices in the concession include reforestation,
natural regeneration management, and fire protection [47–49]. Regeneration management
focuses on species with strong resprouting ability, such as Pterocarpus angolensis and Mil-
lettia stuhlmannii [49]. In areas with high regeneration density, stem density is reduced
to approximately 10,000 stems per hectare, maintaining a spacing of 2–2.5 m. Thinning
is conducted based on sapling quality and overall health [49]. Advanced regeneration
(DBH ≥ 10 cm) is selectively removed considering species, form, vigor, ecological signifi-
cance, rarity, and economic value, while maintaining a minimum spacing of 5 m between
retained trees [49].

2.2. Methods
2.2.1. Data Collection

The data for this study were obtained from an inventory conducted in 34 permanent
plots established between March and June 2022. Each plot measured 100 × 100 m and
was oriented in a north–south direction. The plots were georeferenced by recording the
coordinates of their vertices using a GPS Garmin Etrex 32x (Garmin Ltd., Olathe, KS, USA).
During the inventory, all trees, standing snags, lianas, and palms with a DBH ≥ 10 cm were
identified and tagged. For each marked tree, DBH, total height, and commercial height
(measured up to the first major branch or defect affecting timber value) were recorded.
The height was measured using a Nikon Hypsometer (Nikon Corporation, Tokyo, Japan).
Additionally, growth form (trees, standing snags, lianas, and palms), stem quality, and
health status were documented. Species identification, including local and scientific names,
was conducted by specialized concession personnel. For species not identifiable in the
field, voucher specimens were collected, pressed, and sent to the Herbarium of Eduardo
Mondlane University in Maputo for identification. The identification at the herbarium was
carried out using taxonomic keys.

During the inventory, trees were categorized into three main groups: (1) living or dead
individuals, (2) commercial or non-commercial species, and (3) trees with merchantable
or non-merchantable wood. The commercial/non-commercial classification followed the
Mozambican law on tree harvesting, which defines species into sub-groups: precious,
first-, second-, third-, and fourth-class species. In this study, these groups were reclassified
as (i) high-value commercial trees (precious and first-class), (ii) normal commercial trees
(second-, third-, and fourth-class species), and (iii) non-commercial trees species. Addition-
ally, trees were classified by stem quality and health status into the following categories:
excellent stem, good stem, usable stem, usable stem but a threat, not usable stem, fallen but
still alive, and dead. This visual classification was based on parameters such as straightness,
tapering, trunk defects (e.g., injuries, diseases, rot), and the number and height of the first
branches. An “excellent stem” was straight, with minimal tapering, had no trunk defects,
thin branches, and a healthy appearance. A “good stem” was straight, with minor tapering,
had no significant trunk defects, moderately thick branches, and a healthy condition. A
“usable stem” had at least one characteristic preventing it from being classified as good, but
could still be used for timber. The “usable stem but a threat” category included trees with
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visible pathogens or conditions that posed risks to other trees in the stand. “Not usable
stem” trees could not be processed for timber. “Fallen but still alive” included trees that
had fallen but remained alive, while “dead trees” were those that had died.

2.2.2. Data Analysis

The data from forest inventories were analyzed on a per-hectare basis. The initial
analysis categorized all inventoried trees by their status (alive or dead), health condi-
tion, and stem quality. This was the only evaluation conducted for all inventoried trees.
Subsequent analyses focused on trees with a minimum DBH of 10 cm and classified as
alive. Living trees were further categorized into five groups: all living trees, commercial
species, non-commercial species, merchantable trees, and high-value species. For struc-
tural characterization, the mean values of structural parameters were calculated, while
compositional indices were used for describing species composition. The inclusion of trees
with a minimum DBH of 10 cm is based on the assumption that this size class adequately
represents the woodland’s floristic composition and physical structure [50]. In cases where
the most abundant species in each category significantly influenced the structural parame-
ter under analysis, particularly the diameter distribution, it was excluded and analyzed
separately. The stand parameters assessed in this study included stem density (number of
stems or plants per unit area), frequency (proportion of samples where a species occurs),
volume, basal area, and biomass [51]. Total tree volume and stem volume were calculated using
Equation (1) and Equation (2), respectively [52].

Vtotal =
π ∗ DBH2

4
∗ Ht ∗ 0.65 (1)

Vstem =
π ∗ DBH2

4
∗ Hc ∗ 0.80 (2)

where
Vtotal is total volume (m3), Vstem is stem volume (m3), DBH is diameter at breast height

(m), Ht is total height (m), Hc is commercial height (m).
The above ground biomass (AGB) of each tree was calculated using Equation (3) [53]

AGB = 0.1754 ∗ DBH2.3238 (3)

The computed stand parameters were then distributed by species across eight DBH
classes: 10 ≤ DBH < 20, 20 ≤ DBH < 30, 30 ≤ DBH < 40, 40 ≤ DBH < 50, 50 ≤ DBH < 60,
60 ≤ DBH < 70, 70 ≤ DBH < 80, and DBH ≥ 80 cm.

The species composition and diversity were determined using the Shannon Diversity
Index, Simpson’s Diversity Index, Pielou’s equitability index and Importance value index.
The Shannon Diversity Index (H) was calculated using Equations (4) and (5) [54].

H = −∑s
i=1 ∗(p i ∗ ln(p i)) . . . (4)

pi =
ni
N

(5)

where
ni is the number of individuals of species i;
N is the total number of individuals of all species.
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The Simpson’s Diversity Index (q) was computed using Equation (6) [55,56].

q = ∑s
i=1 ∗

(
ni − 1
N − 1

)2
≈

(ni
N

)2
(6)

where
ni is the number of individuals in the ith species;
N equals the total number of individuals.
The Pielou’s equitability index was calculated using Equation (7) [57]

E =
H

lnS
(7)

where
E is the Pielou’s equitability index;
H is Shannon index;
S is the total number of species in all stands.
The importance value index was determined using Equation (8) [58]

IVIi = 100 ∗
(

ni
N

+
di
D

+
xi
X

)
(8)

where
IVIi is Importance value index;
ni is the number of sampling units where the ith species is present (species frequency);
N is total number of sampling units;
di is the number of individuals of the Ith species present in the sample population;
D is total number of individuals in the sample population (D = Σdi);
xi is the sum of the size parameter (generally basal area or volume) for the ith species;
X is the total of the size parameter across all species (X = Σxj).

3. Results
3.1. Stand Structure
3.1.1. Stand Structure by Stem Quality and Health Status

Across all 34 plots, we measured a total of 9300 trees, of which 8635 were live standing,
640 were dead standing, and 25 were still alive but fallen trees. In terms of stem quality
and health status, 90% of the inventoried individuals exhibited an excellent commercial
stem quality for timber processing, while 1% of the individuals were classified as good
(Figure 2). Stem quality unsuitable for processing also constituted approximately 1% of the
individuals. In terms of volume, excellent stems accounted for 91%, the good stems formed
1%, the dead and unusable trees accounted for approximately 7% of the total wood volume.
On average, we found 19 dead trees per ha, totaling to a wood volume of 9 m3/ha. Out of
a total of 58 species, 42 (74%) had dead individuals while 15 species (26%) did not have
any dead individual recorded. Brachystegia spiciformis alone accounted for 37% of the dead
individuals, followed by Millettia stuhlmannii 10% and Combretum zeyheri 8%.

Of the total dead trees, approximately 50% occurred at the regeneration level (DBH 10
to 20 cm class) while 74% were within the DBH range of 10 to 30 cm (Figure 3). Only one
plot recorded no dead individuals in the 10–20 cm DBH class, while two plots had no dead
individuals in the 20–30 cm DBH class. Conversely, dead individuals in the DBH 70–80 cm
and >80 cm were found in only one plot each. Additionally, in the 60–70 cm DBH class,
dead individuals were recorded in only six plots. These findings highlight the uneven
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distribution of mortality across diameter classes, suggesting potential size-dependent
mortality patterns within the stand.

 

 

 

 

Figure 2. Average of stem density by stem quality and health across 34 plots. Numbers in blue are
the averages.

Forests 2025, 16, x FOR PEER REVIEW 7 of 34 
 

 

did not have any dead individual recorded. Brachystegia spiciformis alone accounted for 
37% of the dead individuals, followed by Millettia stuhlmannii 10% and Combretum zeyheri 
8%. 

 

Figure 2. Average of stem density by stem quality and health across 34 plots. Numbers in blue are 
the averages. 

Of the total dead trees, approximately 50% occurred at the regeneration level (DBH 
10 to 20 cm class) while 74% were within the DBH range of 10 to 30 cm (Figure 3). Only 
one plot recorded no dead individuals in the 10–20 cm DBH class, while two plots had no 
dead individuals in the 20–30 cm DBH class. Conversely, dead individuals in the DBH 
70–80 cm and >80 cm were found in only one plot each. Additionally, in the 60–70 cm 
DBH class, dead individuals were recorded in only six plots. These findings highlight the 
uneven distribution of mortality across diameter classes, suggesting potential size-de-
pendent mortality patterns within the stand. 

 
Figure 3. Average of stem density of dead trees for DBH classes across 34 plots. Numbers in red are
the averages.

3.1.2. Stand Structure by Stem Density, Basal Area, Above Ground Biomass, Stem and Total
Volume for All Trees Within the Stand

We observed a total of 8660 live trees, constituting stems density of 255 ± 21 stems/ha,
basal area of 15.43 ± 0.95 m2/ha, AGB of 109.68 ± 6.83 Mg/ha, and total volume of
145 ± 10.11 m3/ha (Figure 4).
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StemVol: volume of wood stem (m3/ha), AGB: above ground biomass (Mg/ha).

Within the stand, five tree species (Brachystegia spiciformis, Pseudolachnostylis maprouneifo-
lia, Millettia stuhlmannii, Combretum zeyheri, and Cleistanthus holtzii) contributed highly
to the total volume as showed in Figure 5. Four species were found in all 34 plots, ex-
cept for Combretum zeyheri, which was present in only 33 plots. These same species had
higher contributions for other stand parameters (stems, basal area and biomass) as indicated
(Appendix A). From the five dominant species, Brachystegia spiciformis alone accounted
for approximately 58% of the stand volume, followed by Pseudolachnostylis maprouneifolia
and Amblygonocarpus andongensis with each contributing only about 10% of the Brachys-
tegia spiciformis volume fraction. A similar scenario applies to the above ground biomass
(Appendix A).
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3.1.3. Diameter Distribution of Stand Structural Variables, i.e., Stem Density, Basal Area,
Above Ground Biomass, Stem and Total Volume

The distribution of the number of stems per hectare by DBH classes follows a reverse
J-shaped trend with many individual trees in lower DBH class and few in the upper DBH
classes (Figure 6A). Trees from the 10–60 cm DBH classes were recorded across all plots.
However, individuals in the 60–70 cm DBH class were absent in five plots, while those in the
70–80 cm class were not recorded in 12 plots. Additionally, individuals with DBH > 80 cm
were present only in two plots. These patterns indicate a decreasing occurrence of trees
with increasing DBH. We did not include 33 species which had only less than 25 individuals
in the analysis.Forests 2025, 16, x FOR PEER REVIEW 10 of 34 
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The distribution of basal area, stem volume, total volume and AGB are shown in
Figure 6B–E. The total volume was mostly concentrated in middle DBH classes. The same
pattern was exhibited for stem volume, basal area and above ground biomass. We found 48% of
the stand volume was within the diameter range of 30 to 50 cm, while less than 10% of the
stand volume was constituted each by DBH 10 to 20 cm and DBH ≥ 60 cm. Importantly, B.
spiciformis dominated within all the structural parameters with contribution of 42% for total
stem density, 58% total basal area, 65% of the stem volume, 64% of the total wood volume,
and 59% of the above ground biomass.

3.2. Tree Species Composition
3.2.1. Species Richness, Importance Value Index, and Family

We found a total of 8660 live trees across 34 plots, consisting of 57 species and 25 fami-
lies. The first four species with the highest IVI (Table 1) occurred in all 34 plots while the
fifth one occurred only in 33 plots. The tree species with the highest IVI was Brachystegia
spiciformis, followed by Pseudolachnostylis maprouneifolia, and least was Combretum zeyheri.
The five species with the highest IVI are also predominantly light-demanding, according
to the literature [7,8,24,27]. Note that the first four are commercial timber species while
the fifth is the only non-commercial timber species in this category. Of the total species
(57), 33 species (58%) are commercial, of which 25 species (44%) have individuals with
diameters exceeding the MCD; nine species (16%) were classified as high-value species,
with seven species having trees with DBH above MCD.

Table 1. IVI of the first five most abundant species.

IVI Position Scientific Name Frequency Min (trees/ha) Max (trees/ha) Mean (trees/ha) Value of IVI

1 Brachystegia spiciformis 34 34 231 108 0.66

2 Pseudolachnostylis maprouneifolia 34 5 47 20.5 0.38

3 Millettia stuhlmannii 34 10 31 19.5 0.38

4 Amblygonocarpus andongensis 34 3 26 11.3 0.37

5 Combretum zeyheri 33 0 45 16.5 0.35

IVI Position: position of each species in the ranked IVI.

3.2.2. Composition of Rare Tree Species

The data on rare species included eight singletons, namely; Dalbergia nitidula, Dyospiros
mespiliformis, Margaritaria discoidea, Markhamia obtusifolia, Sphaerocoryne gracilis, Vangueria
infausta, Ximenia caffra and Ziziphus abyssinica (14% of species with living individuals) and
the following two doubletons (Albizia adianthifolia and Celtis gomphophylla) (4% of species
with living individuals). Of these species, three are classified as commercial: Dyospiros
mespiliformis (precious class), Albizia adianthifolia (second-class), and Celtis gomphophylla
(third-class). The remaining species are considered non-commercial.

3.2.3. Tree Species Diversity

Tree species diversity was assessed using the Shannon Diversity Index, Simpson’s
Diversity Index, and Pielou’s Equitability Index. The Shannon index was 2.3, Simpson’s
index was 0.8, Pielou’s equitability was 0.6.

3.3. Structural Variables of a Selectively Logged Stand by Tree Categories
3.3.1. Stem Density, Basal Area, Above Ground Biomass, Stem and Total Volume for All
Trees Categories

The structural variables (stem density, basal area, AGB, stem volume, and total volume)
are categorized by tree type: all trees, commercial trees, non-commercial trees, merchantable
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trees, high-value species, and merchantable high-value trees (Figure 7). Of the living trees,
commercial species comprised 86%, merchantable species 14%, high-value species 11%, and
merchantable high-value species 1%. For basal area, biomass, and volume, the proportions
shifted: commercial species accounted for 95%, merchantable species 45%, high-value
species 6%, and merchantable high-value species 2% (Figure 7).
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3.3.2. Diameter Distribution by Tree Species Categories

The diameter distribution of stem density exhibited a continuous decreasing trend
across all categories: the entire stand, commercial species, high-value species, and non-
commercial species (Figure 8). Most trees were concentrated in the smallest diameter class
(10–20 cm), with the lowest proportion in Brachystegia spiciformis (26%) and the highest in
non-commercial species (83%). Other categories had at least 50% of their trees within this
class. When combining the first two diameter classes (10–30 cm), Brachystegia spiciformis still
had the lowest proportion (56%), while non-commercial species remained the highest (95%).
Most species have a minimum cutting diameter of 40 cm, and under this threshold, only
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10% of trees exceeded this size, except for Brachystegia spiciformis (21%) and non-commercial
species (2%).
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and Milletia stuhlmannii (F). Numbers in red are the averages.
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Twenty-five species had individuals exclusively in the first two diameter classes
(DBH < 30 cm). Although there is a trend for species to exhibit individuals solely in the first
diameter class, three species (Xeroderris stuhlmannii, Diospyros mespiliformis, and Markhamia
obtusifolia) did not exhibit individuals in the first diameter class (Appendix A). Only seven
species (Brachystegia spiciformis, Burkea africana, Erythophloeum suaveolens, Scolopia stolzii,
Xeroderris stuhlmannii, Diospyros mespiliformis, and Markhamia obtusifolia) showed a lower
number of individuals in the first diameter class. However, out of the seven species, five
species (Erythophloeum suaveolens, Scolopia stolzii, Xeroderris stuhlmannii, Diospyros
mespiliformis, and Markhamia obtusifolia) had a stand density of less than 5 stems/ha.
Among the remaining two species, Brachystegia spiciformis exhibited a higher number
of individuals in the second class, whereas Burkea africana showed higher number of
individuals in the third DBH class. The species Brachystegia spiciformis and Amblygonocarpus
andongensis which belong to the five most abundant species did not exhibit a reverse J-
shaped trend (Appendix A). The commercial species Burkea africana, Mimusops obtusifolia
also did not exhibit a reverse J-shaped trend.

The DBH distribution of high-value species, including Millettia stuhlmannii, Pterocarpus
angolensis, Balanites maughamii, and Albizia versicolor, followed a decreasing trend, resulting
in a reverse J-shape (Appendix A). However, for Pterocarpus angolensis, Balanites maughamii,
and Albizia versicolor, this pattern occurred within a low number of individuals (Balanites
maughamii: 15, Albizia versicolor: 3) or was restricted to only the first two size classes (Ptero-
carpus angolensis and Albizia versicolor) (Appendix A). Consequently, Pterocarpus angolensis,
Albizia versicolor, and Diospyros mespiliformis showed a complete absence of individuals
with a DBH above the minimum cutting diameter (MCD). This pattern was less clear for
Spirostachys africana and Afzelia quanzensis that, however, contained the same number of
individuals within at least two consecutive diameter classes. Notably, all high-value species,
except Millettia stuhlmannii, exhibited a density of less than one individual per hectare
across most diameter classes. Combretum zeyheri lacked merchantable individuals as it was
not considered a commercial species. Additionally, Xeroderris stuhlmannii (commercial),
Diospyros mespiliformis (high-value species), and Markhamia obtusifolia (non-commercial)
had no trees within the 10–20 cm DBH class.

For total volume and other variables, commercial species and Brachystegia spiciformis
showed a peak in intermediate diameter classes, followed by a sharp decline from the
40–50 cm class onward (Figure 9). In contrast, high-value species (excluding Millettia
stuhlmannii) exhibited a steadily increasing trend, with Millettia stuhlmannii itself showing
the same pattern, while non-commercial species followed a parabolic pattern.

Of the 57 species, 33 (58%) are commercial and 24 (42%) are non-commercial. The
commercial species account for 7445 trees (86% of the total), while the non-commercial
species make up 1215 trees (14% of the total). Among the commercial species, eight (Albizia
adianthifolia, Celtis gomphophylla, Tamarindus indica, Parinari curatellifolia, Piliostigma thoningii,
Antidesma venosum, Albizia versicolor, and Pterocarpus angolensis) lacked individuals with a
DBH equal to or greater than their respective MCD. The stand contained 1231 merchantable
trees (14%) and 7429 non-merchantable trees.

The high-value species exhibited low abundance and frequency, comprising nine
species (16%). Sixteen plots (47%) showed the simultaneous occurrence of both precious
and first-class species, while nine plots (26%) contained merchantable individuals from
these classes. Six plots (18%) recorded the simultaneous absence of exploitable individuals
from both the first and second classes.
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The Brachystegia spiciformis was the most abundant commercial species, occurring in
all plots and exhibiting the highest structural parameters, including among merchantable
trees (Appendix A). Millettia stuhlmannii was the most abundant high-value species, present
in all plots, although its merchantable individuals were found in only 20 plots. The
merchantable wood of Millettia stuhlmannii represented less than 5% of the merchantable
wood of Brachystegia spiciformis. Erythophloeum suaveolens was the only high-value
species in which merchantable individuals occurred in more plots than non-merchantable
ones. Among the high-value species, Diospyros mespiliformis had no individuals with a
DBH smaller than its MCD (regeneration). The highest density of merchantable individuals
within high-value species was recorded for Spirostachys africana (6 trees/ha), followed by
Millettia stuhlmannii and Balanites maughamii (3 trees/ha). All other high-value species had
a density of no more than 1 tree/ha in any plot.

4. Discussion
4.1. Structural Dynamics and Mortality Patterns

In the Miombo eco-region, the number of dead trees is mostly examined in the context
of firewood harvesting [59], although some scholars recognize its value in the context of
the carbon sink [60]. Tree mortality in Miombo is more frequent in suppressed trees [61].
Our study found a tree mortality of 7% which is comparable to the value of 5.9% found in
Miombo [62]. Surprisingly, our value was nearly twice the average value of 3.1% found
for tree mortality in a Miombo experiment [63]. However, in areas of late burning and
thinning, tree mortality was higher at average of 5.1% [63], suggesting the possibility of our
higher observed mortality to be related to the past fire occurrence. Again, most of the tree
mortalities in our study were observed in the smaller diameter classes, and are consistent
with the findings for MW [61]. We obtained a volume of 9 m3/ha for dead trees in our
study, which is lower than the value of 20 m3/ha recommended for effective management
of woodlands [64]. The low volume observed in our study may be attributed to the fact
that, during silvicultural interventions, the removal of dead, diseased, and low-vigor trees
is implemented, which could contribute to the reduction in mortality recorded within the
stand. In MWs, most of the tree mortalities are related to fire disturbances [7–9], implying
that the high deaths of trees in the smaller diameter classes (Figure 3) could be linked to
past fire incidences.

We observed an average stem density of 255 stems*ha−1 (Figure 4), which is interme-
diate of the values observed in MWs, i.e., 183 stems*ha−1 [65], and 3616 stems*ha−1 [66].
Our stem density observed is related to the minimum DBH 10 cm included in our study
compared to the higher value of stem density observed with the inclusion of DBH 1.5 cm
in MW [66]. Again, we obtained a total basal area of 15.43 m2*ha while other studies re-
ported basal areas of 9.65 to 18.50 m2*ha [67], 7.78 to 9.13 m2*ha [68], 18.97 m2*ha [28], and
14.34 m2*ha in MWs [69].

The wood volume values obtained in the present study (Figure 4) are slightly higher
than those reported by [67], (65.99 m3 ha−1, with a range of 54.49 to 104.47 m3 ha−1), [68],
(43.9 to 76.03 m3 ha−1) and [66] 78.57 m3/ha, close to the value found by [60],
(142.36 ± 52.17 m3 ha−1). The biomass values obtained in the present study (Figure 4)
are higher than those reported by [68], (29.31 to 43.56 Mg·ha−1), and fall within the ranges
defined by [70] for all Miombo categories, being also close to the value reported by [60] of
95.86 ± 35.16 Mg ha−1, and were lower than the values found by Miapia et al., (2021) [66].
Specifically, old-growth Miombo biomass ranged from 22.57 to 228.19 Mg·ha−1, with an
average of 114.5 Mg·ha−1; disturbed Miombo varied from 3.15 to 160.47 Mg·ha−1, with
an average of 56.81 Mg·ha−1; and regrowth Miombo ranged from 0.19 to 163.98 Mg·ha−1,
with an average of 40 Mg·ha−1 [71]. This overlap between the classes of different cate-
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gories, combined with the large variation in values within each category, suggests that
other factors, such as rainfall, species composition, and variable growth conditions also
influence biomass values across these woodlands [71,72]. Thus, the management strategies,
and silvicultural interventions, appear to be maintaining a moderate level of disturbance,
which results in intermediate values within this range.

In general, the structural values obtained in our study are consistent with other val-
ues and patterns reported in logged Miombo woodlands. The high variability of these
parameters across the region can be attributed to the interplay of multiple factors, forest
management practices, silvicultural interventions, land-use history [5,73,74], gap sizes [75]
and environmental factors [10,76,77]. Additionally, the predominance of typical Miombo
species can be attributed to their adaptation to the varying degrees of disturbance com-
monly present in these woodlands [7–9]. Thus, although the values observed align with
the broad regional range, the specific structural patterns in the stand analyzed may be
primarily driven by local climatic conditions, management strategies, and silvicultural
interventions. These factors appear to be maintaining a moderate level of disturbance
while simultaneously promoting regeneration, which results in intermediate values within
this range.

4.2. Distribution of Parameters by DBH Classes

Our stem diameter distribution for most species and tree categories observed in the
stand conformed to a reverse-J distribution, which is typical of natural forests and is
a common phenomenon in Miombo woodlands [11,78,79]. The reverse J-shaped curve
of forest structure in a stand is an indicator of the occurrence of shade-tolerant species
and population stability [51,80], which is the case of Miombo woodlands, indicating a
continuous recruitment in a sustainable system [65,80]. However, the presence of this
pattern at the stand level does not necessarily imply sustainability at the species level
within the population [30], as our study noted that same tree species such as Brachystegia
spiciformis, Burkea africana, Erythophloeum suaveolens, Scolopia stolzii, Xeroderris stuhlmannii,
Diospyros mespiliformis, Markhamia obtusifolia, Pterocarpus angolensis, Albizia versicolor, among
others, had distorted J-shaped patterns. This pattern indicates that several species in this
stand are disturbed, resulting in a potential lack of species population sustainability [81]. A
study also revealed that even dominant tree species such as Millettia stuhlmannii did not
have a stable population [82], suggesting that many factors could be affecting population
stability and sustainability of many species including the dominant species within both a
stand and landscape in the MWs.

The distribution of total volume (Spiecker’s volume distribution) in our study
(Figure 6B) did not conform to the expected J-shaped structure for a natural forest [67], but
a similar pattern was observed in MWs in Tanzania [60]. Overextraction of large diameter
trees tends to reduce the volume, which is expected to be higher in larger stems compared
to medium stems, resulting in more volume being concentrated within the medium DBH
category than larger DBH categories. However, this pattern is similar to that obtained
by [83] when modelling a teak plantation in Nigeria as well as the one found by [60] for a
Miombo woodland in Tanzania.

4.3. Species Composition, Dominance Patterns, and Ecological Implications of Disturbance in
Managed Miombo Woodlands

The most abundant family and species in our study was the Fabaceae and Brachys-
tegia spiciformis, respectively, following the common pattern in disturbed Miombo [84].
The Fabaceae and Combretaceae families, as well as the species B. spiciformis and Millettia
stuhlmannii, are typically dominant in many parts of disturbed MWs [85–87]. While the
genera such as Pterocarpus, Pseudolachnostylis, Terminalia and Burkea are fire tolerant and gen-
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erally dominate early stages of regrowth [7,88], these facts indicate historical disturbances
and other management practices are creating favorable conditions for the occurrence of
these families and species that are usually more pronounced in disturbed MWs [84,85,89].
Additionally, these results highlight the structural importance of B. spiciformis within the
stand (Figure 5, Table 1), as well as its predominance in MWs [18,51]. These data indi-
cate that the Fabaceae and Combretaceae family and the species B. spiciformis and Millettia
stuhlmannii are well adapted to the ecological conditions of the MW eco-region. This
dominance of these families and species is related to their adaptation to varying levels of
disturbance, climate, management practices, and soil nutrients [65,90]. These families and
species equally contribute a greater percentage to carbon sequestration in MWs [91] as a
result of their better performance in gaps rather than under the canopy, suggesting that
the practice of selective logging has a high potential to affect the long-term performance of
these species, as it does not allow for the creation of gaps with the minimum dimensions
required by them [5,24,25]. We did not find Julbernardia globiflora among the species with
the highest IVIs in our study, suggesting our area is more disturbed as the species is more
predominant in intact Miombo woodlands. This is in line with a study in a MW which
observed reduction/decline in the stem density of Julbernardia globiflora with an increase
in degradation [89]. The Julbernardia globiflora has been shown to regenerate well under
moderate shade compared to overly dense canopy [7,14]. These patterns reinforce the idea
that selective logging can contribute to significant ecological changes that potentially lead
to a reduction in biodiversity or at least a change in species composition.

Our findings on rare species, including singletons (14.04%) and doubletons (3.51%),
suggest a relatively low occurrence of some species and our values are lower than those
reported, i.e., 39.3% and 11.3% [92], 34.2% and 17.9% [93]. This pattern of singletons and
doubletons relates to species ecological behaviors but also can be influenced by manage-
ment interventions such as selective logging, natural thinning, and fire disturbance; thus,
putting them at risk of local extinction.

4.4. Impact of Management on Species Diversity in Miombo Woodlands

The diversity index values observed in the present study (Shannon = 2.3, Simpson index = 0.8)
are slightly lower than the Shannon index range (2.54 and 3.04) reported in MWs [65].
However, our value is within the 2.66 and 1.78 reported for communal and protected areas,
respectively [77], close to the Shannon index value of 2.27 also reported in MWs [60]. The
fact that the value falls between the values of communitarian and protected woodland
suggests that the woodland, due to the selective logging, suffered moderate impacts on
species diversity. In communal areas, where resource extraction is more intensive, the
lower diversity index value (1.78) likely reflects a greater disturbance. On the other hand,
the higher value (2.66) found in protected areas suggests that, without logging pressures,
species diversity is better preserved. Importantly, the high value of the Simpson index shows
that this woodland exhibits dominance of certain species [60].

4.5. Relationship Between Structural Variables and Tree Categories

We found a higher number of commercial species (33 species) in our study compared
to only seven commercial species reported in MWs [65]. The deviation could be attributed
to the difference in the site conditions and sampling size since the seven species were
only for an area of 4 ha compared to our 34 ha inventoried. This applies equally to the
proportions of merchantable stem density and merchantable volume (45%) in our study, which is
considerably higher than the total merchantable volume of 25% reported by [65]. Our higher
value of merchantable volume could also be a result of better silvicultural management
within the logging concessions that promote good growth of commercial species, but it
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could also be due to the fact that the harvestings were conducted under strict regulations
that do not cause overexploitation.

The diametric distribution of structural parameters (basal area, volume, and biomass)
generally exhibited a sharp decline in the merchantable diameter classes. This pattern is
also observed in the diameter distribution of stem density across all high-value species (with
the exception of Millettia stuhlmannii), resulting in some species (e.g., Pterocarpus angolensis,
Albizia versicolor, and Diospyros mespiliformis) lacking individuals in these diameter ranges,
which is in line with the findings reported by [80]. Thus, the volume distribution profile in
the present study differs from that obtained by [65], which showed an increasing trend for
commercial species. The lower values for structural parameters in the merchantable diam-
eter classes can be explained by the concentration of logging activities in these diameter
classes [94]. The distribution found in this study has the drawback of logging targets, the
largest trees with potentially better quality timber and lower growth potential, implying
less future carbon sequestration potential. They may have detrimental consequences for the
reproduction, regeneration and future quality and value of the stand, as the values indicate
a low number of large individuals which are the responsible for reproduction [73,95]. Con-
clusively, we recommend that species which are allowed to be harvested at minimum stem
diameters that fall within the middle DBH classes could also be removed to allow other com-
mercial species to continue to accumulate more merchantable volume and biomass, in order
to optimize long-term financial returns and carbon sequestration from logging [96–98].

Our study found only one high-value species, Millettia stuhlmannii, within the top
fifteen species with the highest IVI (Table 1), indicating a relatively low contribution of com-
mercially valuable species to structural parameters. Furthermore, the fact that only 18 of the
33 commercial species and only seven out of nine high-value species possess merchantable
individuals, suggests that selective logging by targeting the most robust and larger-sized
trees within high-value species, potentially caused this imbalance [23,25,65]. Other studies
also reported disproportionately low values for merchantable volumes from high-value
species [23,25]. Such imbalances could compromise the long-term sustainability of these
species by reducing the presence of reproductively mature individuals, thereby affecting
natural regeneration processes and the overall structural stability of the stand [23,25]. Also,
the stem density of high-value species such as Milicia excelsa, Pterocarpus angolensis and
Afzelia quanzensis were lower in this study (Figure 7) compared to the values reported
in MWs [44,99–101], implying that overexploitation could be leading to the regeneration
failure of these species. The biomass of high-value species such as Pterocarpus angolensis
and Afzelia quanzensis in this study were 0.56 Mg*ha−1 and 0.46 Mg*ha−1, respectively,
which were lower compared to the values reported for the same species, Pterocarpus an-
golensis (4.1 Mg*ha−1) and Afzelia quanzensis (9.9 Mg*ha−1) [101]. This low biomass for
these species may result from the species being commercially highly sought after in the
country as reported in other studies [27,102,103]. However, in commercial species with high
light requirements, this occurrence is typically more frequent and severe due to selective
logging not creating enough gap sizes required for their establishment [104]. Conversely, in
this study, Millettia stuhlmannii, which is one of the most valuable species, showed higher
structural parameters especially in merchantable volume (6.1 m3*ha−1), due to its tendency
of being gregarious and locally dominant in the Miombo habitats, to the extent of even
forming pure stands [24,27].

5. Conclusions
This study analyzed the structure and composition of a Miombo woodland stand sub-

jected to selective logging. The results show that the stand exhibits high stem density in the
smallest diameter class, with basal area, volume, and biomass concentrated in the middle
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diameter classes, typical of Miombo woodlands. The Fabaceae family and Brachystegia
spiciformis dominate the stand. The study confirms moderate species diversity, with certain
species exhibiting dominance. It also highlights the impact of selective logging, particularly
the reduced occurrence of large-diameter individuals in high-value commercial species.
These findings emphasize the need for socio-ecological considerations in management
practices to promote a sustainable balance between economic and ecological sustainability
in logged MWs.

Future research should prioritize experiments that reflect common forms of Miombo
woodland exploitation, monitoring their effects over time. The focus should be on regen-
eration, species succession, forest value variation, and biomass restoration. Comparative
studies between logged and untouched Miombo woodlands, enhanced by remote sensing
technologies, would provide valuable insights. From a policy perspective, these findings
highlight the need for legislation that incorporates differentiated interventions based on the
ecological needs of each species. Such interventions should respect species-specific charac-
teristics while promoting silvicultural practices that balance socio-economic, environmental,
and ecological factors.
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Appendix A

Table A1. Average by Plot of Structural Parameters by Species.

Scientific Name
10–20 20–30 30–40 40–50

N BA Vol AGB N BA Vol AGB N BA Vol AGB N BA Vol AGB

Brachystegia spiciformis 28 0.53 4.06 2.93 32 1.57 14.82 9.99 25 2.32 23.72 16.34 14 2.12 23.28 16.17

Amblygonocarpus andongensis 5 0.08 0.5 0.44 2 0.09 0.66 0.58 1 0.13 1.09 0.91 2 0.24 2.15 1.8

Pseudolachnostylis maprouneifolia 11 0.19 1.13 1.02 5 0.26 1.83 1.61 3 0.25 1.94 1.76 1 0.15 1.19 1.18
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Table A1. Cont.

Scientific Name
10–20 20–30 30–40 40–50

N BA Vol AGB N BA Vol AGB N BA Vol AGB N BA Vol AGB

Millettia stuhlmannii 11 0.19 1.17 1 5 0.24 1.74 1.48 2 0.2 1.76 1.41 1 0.11 1.01 0.82

Cleistanthus holtzii 7 0.12 0.84 0.67 4 0.19 1.52 1.18 2 0.14 1.27 1 1 0.09 0.89 0.66

Burkea africana 1 0.02 0.12 0.1 2 0.08 0.56 0.48 2 0.15 1.51 1.08 1 0.15 1.62 1.14

Julbernardia globiflora 2 0.03 0.17 0.13 2 0.08 0.6 0.48 1 0.12 1 0.87 1 0.12 1.03 0.88

Combretum zeyheri 14 0.21 1.18 1.14 2 0.1 0.62 0.6 0 0.01 0.05 0.05 0 0.03 0.03

Pteleopsis myrtifolia 5 0.08 0.59 0.45 2 0.1 0.8 0.62 1 0.05 0.47 0.35 0 0.03 0.29 0.2

Lannea antiscorbutica 5 0.09 0.55 0.49 2 0.11 0.82 0.67 1 0.05 0.44 0.38 0 0.01 0.12 0.1

Mimusops obtusifolia 1 0.02 0.1 0.08 0 0.02 0.15 0.12 0 0.02 0.16 0.14 0 0.05 0.38 0.36

Mundulea sericea 1 0.01 0.05 0.05 0 0.01 0.08 0.06 0 0.01 0.12 0.1 0 0.03 0.33 0.24

Spirostachys africana 1 0.01 0.1 0.08 0 0.02 0.17 0.14 0 0.04 0.37 0.31 0 0.04 0.3 0.3

Acacia gerrardii 1 0.01 0.07 0.06 0 0.02 0.14 0.12 1 0.05 0.45 0.33 0 0.02 0.22 0.17

Combretum molle 5 0.07 0.38 0.36 0 0.02 0.13 0.13 0 0.01 0.06 0.06 0 0.04 0.03

Kigelia africana 1 0.01 0.07 0.06 1 0.03 0.22 0.17 0 0.02 0.18 0.13 0 0.02 0.2 0.15

Pterocarpus angolensis 3 0.05 0.34 0.28 1 0.04 0.36 0.27

Terminalia sericea 2 0.03 0.18 0.18 1 0.04 0.28 0.28 0 0.01 0.07 0.07

Turraea nilotica 6 0.09 0.41 0.45 0 0.01 0.04 0.06

Afzelia quanzensis 0 0.01 0.04 0.03 0 0.01 0.07 0.05 0 0.02 0.19 0.14 0 0.01 0.09 0.06

Sclerocarya birrea 0 0.01 0.01 0 0.02 0.02 0 0.02 0.16 0.12 0 0.02 0.17 0.13

Strychnos madagascariensis 2 0.02 0.12 0.13 0 0.02 0.14 0.13 0 0.01 0.05 0.04 0 0.03 0.03

Uapaca nitida 1 0.02 0.12 0.1 0 0.01 0.09 0.07 0 0.02 0.02

Balanites maughamii 0 0.03 0.02 0 0.04 0.03 0 0.01 0.01

Erythophloeum suaveolens 0 0 0.02 0.01 0 0.02 0.19 0.14

Hirtella zanguebarica 1 0.01 0.06 0.07 0 0.01 0.04 0.04 0 0.02 0.03

Vitex payos 0 0.01 0.01

Milicia excelsa 0 0.02 0.02 0 0.02 0.02 0 0.01 0.01 0 0.04 0.03

Maytenus guyansis 1 0.01 0.06 0.05 0 0.03 0.03

Acacia nigrescensis 0 0.02 0.01 0 0.03 0.02 0 0.04 0.04

Parinari curatellifolia 1 0.01 0.08 0.07

Erythophleum africanum 0 0 0.03 0.02 0 0.01 0.06 0.04

Dyospiros mespiliformis

Combretum hereroense 0 0.01 0.03 0.03 0 0.01 0.02

Xeroderris stuhlmannii 0 0.02 0.02 0 0.04 0.03

Scolopia stolzii 0 0.01 0.01 0 0.02 0.02 0 0.02 0.02

Euclea natalensis 0 0.02 0.02 0 0.01 0.01

Grewia transzambesica 0 0.02 0.02

Diplorhynchus condylocarpon 0 0.02 0.02

Tabernaemontana elegans 0 0.01 0.02 0 0.01

Antidesma venosum 0 0.01 0.01 0 0.01 0.01

Albizia versicolor 0 0.01 0.01 0 0.01 0.01

Tamarindus indica 0 0.02 0.01

Hugonia busseana 0 0.01 0.01

Piliostigma thoningii 0 0.01 0.01 0 0.01 0.01

Casearia gladiiformis 0 0.01 0.01

Garcinia livingstonei 0 0.01 0.01

Strichnos spinosa 0 0 0.01 0.01

Markhamia obtusifolia 0 0.01 0.01

Albizia adianthifolia 0 0.01

Celtis gomphophylla 0

Dalbergia nitidula 0

Margaritaria discoidea 0

Sphaerocoryne gracilis 0
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Table A1. Cont.

Scientific Name
10–20 20–30 30–40 40–50

N BA Vol AGB N BA Vol AGB N BA Vol AGB N BA Vol AGB

Vangueria infausta 0

Ximenia caffra 0

Ziziphus abyssinica 0

Total 116 1.98 12.78 10.69 65 3.1 26.12 19.58 39 3.65 35.19 25.7 21 3.24 33.76 24.73

Scientific Name
50–60 60–70 70–80 >80

N BA Vol AGB N BA Vol AGB N BA Vol AGB N BA Vol AGB

Brachystegia spiciformis 6 1.42 16.03 11.55 2 0.62 6.93 5.29 1 0.29 3.44 2.57 0 0.01 0.2 0.14

Amblygonocarpus andongensis 1 0.29 3.02 2.39 0 0.09 0.74 0.78 0 0.05 0.52 0.48 0 0.01 0.07 0.14

Pseudolachnostylis maprouneifolia 0 0.1 0.88 0.78 0 0.02 0.14 0.15

Millettia stuhlmannii 0 0.03 0.31 0.24 0 0.01 0.11 0.09

Cleistanthus holtzii 0 0.08 0.78 0.64 0 0.03 0.31 0.24 0 0.01 0.18 0.12

Burkea africana 0 0.04 0.5 0.36

Julbernardia globiflora 0 0.06 0.51 0.45 0 0.02 0.12 0.14

Combretum zeyheri

Pteleopsis myrtifolia 0 0.01 0.12 0.11 0 0.01 0.06 0.07

Lannea antiscorbutica

Mimusops obtusifolia 0 0.01 0.1 0.1 0 0.02 0.18 0.17 0 0.03 0.28 0.26

Mundulea sericea 0 0.06 0.65 0.48 0 0.02 0.18 0.15 0 0.01 0.14 0.13

Spirostachys africana 0 0.01 0.08 0.1

Acacia gerrardii 0 0.01 0.09 0.06

Combretum molle

Kigelia africana 0 0.01 0.1 0.07

Pterocarpus angolensis

Terminalia sericea

Turraea nilotica

Afzelia quanzensis 0 0.01 0.05 0.05 0 0.01 0.16 0.13

Sclerocarya birrea 0 0.01 0.11 0.1

Strychnos madagascariensis

Uapaca nitida 0 0.01 0.09 0.06

Balanites maughamii 0 0.01 0.09 0.12 0 0.01 0.03 0.07

Erythophloeum suaveolens

Hirtella zanguebarica

Vitex payos 0 0.01 0.12 0.11

Milicia excelsa

Maytenus guyansis

Acacia nigrescensis

Parinari curatellifolia

Erythophleum africanum

Dyospiros mespiliformis 0 0.01 0.1 0.06

Combretum hereroense

Xeroderris stuhlmannii

Scolopia stolzii

Euclea natalensis

Grewia transzambesica

Diplorhynchus condylocarpon

Tabernaemontana elegans

Antidesma venosum

Albizia versicolor

Tamarindus indica

Hugonia busseana

Piliostigma thoningii
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Table A1. Cont.

Scientific Name
50–60 60–70 70–80 >80

N BA Vol AGB N BA Vol AGB N BA Vol AGB N BA Vol AGB

Casearia gladiiformis

Garcinia livingstonei

Strichnos spinosa

Markhamia obtusifolia

Albizia adianthifolia

Celtis gomphophylla

Dalbergia nitidula

Margaritaria discoidea

Sphaerocoryne gracilis

Vangueria infausta

Ximenia caffra

Ziziphus abyssinica

Total 9 2.17 23.52 17.65 3 0.84 8.91 7.24 1 0.42 4.83 3.81 0 0.03 0.26 0.28

ScientificName
Merchantable Total

N BA Vol AGB N BA Vol AGB

Brachystegia spiciformis 23 4.46 49.87 35.72 108 8.88 92.47 64.98

Pseudolachnostylis maprouneifolia 4 0.52 4.16 3.88 21 0.96 7.12 6.51

Millettia stuhlmannii 1 0.15 1.44 1.15 20 0.77 6.1 5.05

Combretum zeyheri 16 0.32 1.88 1.82

Cleistanthus holtzii 1 0.12 1.28 1.01 13 0.66 5.79 4.51

Amblygonocarpus andongensis 3 0.69 6.5 5.59 11 0.99 8.74 7.52

Lannea antiscorbutica 0 0.01 0.12 0.1 8 0.27 1.93 1.65

Pteleopsis myrtifolia 0 0.05 0.47 0.38 8 0.28 2.32 1.8

Turraea nilotica 6 0.1 0.46 0.51

Julbernardia globiflora 1 0.19 1.66 1.47 6 0.41 3.42 2.95

Burkea africana 1 0.19 2.13 1.5 5 0.44 4.31 3.16

Combretum molle 5 0.1 0.62 0.58

Pterocarpus angolensis 4 0.1 0.7 0.56

Terminalia sericea 0 0.01 0.07 0.07 3 0.09 0.54 0.52

Strychnos madagascariensis 2 0.05 0.34 0.33

Mimusops obtusifolia 1 0.11 0.96 0.91 2 0.16 1.34 1.23

Spirostachys africana 1 0.1 0.75 0.72 2 0.13 1.01 0.94

Acacia gerrardii 2 0.11 0.98 0.73

Kigelia africana 0 0.03 0.3 0.22 2 0.08 0.76 0.57

Mundulea sericea 2 0.16 1.55 1.21

Uapaca nitida 0 0.01 0.11 0.08 1 0.04 0.31 0.26

Parinari curatellifolia 1 0.01 0.08 0.07

Hirtella zanguebarica 0 0.02 0.03 1 0.02 0.12 0.14

Afzelia quanzensis 0 0.02 0.21 0.18 1 0.06 0.6 0.47

Maytenus guyansis 1 0.01 0.09 0.08

Sclerocarya birrea 0 0.01 0.11 0.1 1 0.05 0.48 0.38

Balanites maughamii 0 0.03 0.13 0.21 0 0.03 0.2 0.26

Combretum hereroense 0 0.01 0.04 0.05

Euclea natalensis 0 0.03 0.03

Milicia excelsa 0 0.01 0 0.01 0.09 0.09

Grewia transzambesica 0 0.02 0.02

Acacia nigrescensis 0 0.01 0.04 0.04 0 0.01 0.09 0.08

Diplorhynchus condylocarpon 0 0.02 0.02

Erythophloeum suaveolens 0 0.02 0.19 0.14 0 0.02 0.21 0.15

Tabernaemontana elegans 0 0.02 0.02

Tamarindus indica 0 0.02 0.01
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Table A1. Cont.

ScientificName
Merchantable Total

N BA Vol AGB N BA Vol AGB

Vitex payos 0 0.01 0.12 0.11 0 0.01 0.13 0.11

Antidesma venosum 0 0.02 0.02

Hugonia busseana 0 0.01 0.01

Piliostigma thoningii 0 0.01 0.01

Scolopia stolzii 0 0.01 0.05 0.04

Albizia versicolor 0 0.02 0.02

Casearia gladiiformis 0 0.01 0.01

Erythophleum africanum 0 0.01 0.06 0.04 0 0.01 0.1 0.06

Garcinia livingstonei 0 0.01 0.01

Strichnos spinosa 0 0.01 0.01

Xeroderris stuhlmannii 0 0.04 0.03 0 0.01 0.06 0.05

Albizia adianthifolia 0 0.01

Celtis gomphophylla 0

Dalbergia nitidula 0

Dyospiros mespiliformis 0 0.01 0.1 0.06 0 0.01 0.1 0.06

Margaritaria discoidea 0

Markhamia obtusifolia 0 0.01 0.01

Sphaerocoryne gracilis 0

Vangueria infausta 0

Ximenia caffra 0

Ziziphus abyssinica 0

Total 36 7 71 54 255 15.43 145.38 109.68

N: number of stems (stems/ha), BA: basal area (m2/ha), Vol: total wood volume (m3/ha), AGB: above ground
biomass (Mg/ha). N value of zero indicates an average of less than 0.5 individuals per plot, Empty cells (without
numbers) indicate the absence of a tree.

Appendix B

Table A2. Family, Scientific Name, Shade and Fire Tolerance, Economic Value and Conservation
Status for the 57 Tree Species Registered in Sample Plots.

Specie Family Shade Tolerance/
Intolerance Fire Resistance Commercial

Value
Conservation

Value

1 Brachystegia spiciformis Fabaceae LD FS SC LC

2 P. maprouneifolia Euphorbiaceae LD FT TC NIL

3 Millettia stuhlmannii Fabaceae ST FT FiC NIL

4 A. andongensis Fabaceae LD FT SC NIL

5 Combretum zeyheri Combretaceae LD FT NC LC

6 Lannea antiscorbutica Anacardiaceae Ubiquitous FT FoC NIL

7 Pteleopsis myrtifolia Combretaceae LD FT SC NIL

8 Turraea nilotica Meliaceae LD NC LC

9 Burkea africana Fabaceae LD FT SC LC

10 Cleistanthus holtzii Phyllanthaceae TC NIL

11 Combretum molle Combretaceae LD FT NC LC

12 S. madagascariensis Loganiaceae LD NC NIL

13 Acacia gerrardii Fabaceae LD NC NIL

14 Kigelia africana Bignoniaceae LD TC LC



Forests 2025, 16, 569 24 of 29

Table A2. Cont.

Specie Family Shade Tolerance/
Intolerance Fire Resistance Commercial

Value
Conservation

Value

15 Julbernardia globiflora Fabaceae LD FS SC NIL

16 Pterocarpus angolensis Fabaceae LD FT FiC LC

17 Mundulea sericea Fabaceae LD NC LC

18 Mimusops obtusifolia sapotaceae ST FoC NIL

19 Terminalia sericea Combretaceae LD FT TC LC

20 Afzelia quanzensis Fabaceae FiC LC

21 Parinari curatellifolia Chrysobalanaceae LD FT SC LC

22 Spirostachys africana Euphorbiaceae LD P LC

23 Sclerocarya birrea Anacardiaceae LD SC LC

24 Uapaca nitida Euphorbiaceae LD TC LC

25 Hirtella zanguebarica Chrysobalanaceae FoC NIL

26 Maytenus guyansis Celastraceae ST NC LC

27 Balanites maughamii Zygophyllaceae LD FiC LC

28 Combretum hereroense Combretaceae FT NC LC

29 Milicia excelsa Moraceae LD P NT

30 Erythophloeum suaveolens Fabaceae FiC NIL

31 Grewia transzambesica Malvaceae LD NC LC

32 Acacia nigrescensis Fabaceae LD TC NIL

33 Vitex payos Lamiaceae LD TC LC

34 Euclea natalensis Ebenaceae ST NC LC

35 Scolopia stolzii Salicaceae ST NC NIL

36 Piliostigma thoningii Fabaceae LD TC LC

37 D. condylocarpon Meliaceae LD FT NC NIL

38 Erythophleum africanum Fabaceae TC NIL

39 Tabernaemontana elegans Apocynaceae LD NC LC

40 Tamarindus indica Fabaceae LD FoC LC

41 Hugonia busseana Linaceae ST NC

42 Albizia versicolor Fabaceae Ubiquitous FT FiC LC

43 Casearia gladiiformis Salicaceae NC LC

44 Strichnos spinosa Loganiaceae LD NC

45 Antidesma venosum Phyllanthaceae LD FoC LC

46 Garcinia livingstonei Clusiaceae NC LC

47 Celtis gomphophylla Cannabaceae LD TC LC

48 Xeroderris stuhlmannii Fabaceae TC

49 Dyospiros mespiliformis Ebenaceae LD P

50 Albizia adianthifolia Fabaceae Ubiquitous FT SC LC

51 Markhamia obtusifolia Bignoniaceae ST NC LC

52 Sphaerocoryne gracilis Annonaceae NC LC

53 Dalbergia nitidula Fabaceae LD NC LC

54 Margaritaria discoidea Phyllanthaceae NC LC

55 Ximenia caffra Olacaceae LD NC LC
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Table A2. Cont.

Specie Family Shade Tolerance/
Intolerance Fire Resistance Commercial

Value
Conservation

Value

56 Ziziphus abyssinica Rhamnaceae LD NC LC

57 Vangueria infausta Rubiaceae ST NC LC

58 Rourea orientales Cannabaceae NC LC

Light demanding (LD), shade tolerant (ST), fire sensitive—needs fire protection (FS), fire resistant (FR), precious
(P), first-class (FiC), second-class (SC), third-class (TC), fourth-Class (FoC), non-commercial (NC), least concern
(LC), near threatened (NT), not in the IUCN red List (NIL), empty cells indicate no consistent information found.

References
1. MITADER. Inventário Florestal Nacional; MITADER: Maputo, Mozambique, 2018.
2. Goodman, R.C.; Van Hensbergen, H.J.; Bengtsson, K.; Kaplan, A.; Persson, M. Commentary Transforming the tropical timber

industry could be the key to realizing the potential of forests and forest products. One Earth 2024, 7, 1142–1146. [CrossRef]
3. Gumbo, D.J.; Dumas-Johansen, M.; Muir, G.; Boerstler, F.; Xia, Z. Sustainable Management of Miombo Woodlands. Food Security,

Nutrition, and Wood Energy; Food and Agriculture Organization of the United Nations (FAO): Rome, Italy, 2018.
4. Makunga, J.E.; Misana, S.B. The Extent and Drivers of Deforestation and Forest Degradation in Masito-Ugalla Ecosystem, Kigoma

Region, Tanzania. Open J. For. 2017, 7, 285–305. [CrossRef]
5. Syampungani, S.; Chirwa, P.W.; Geldenhuys, C.J.; Handavu, F.; Chishaleshale, M.; Rija, A.A.; Mbanze, A.A.; Ribeiro, N.S.

Managing Miombo: Ecological and Silvicultural Options for Sustainable Socio-Economic Benefits. In Miombo Woodlands in a
Changing Environment: Securing the Resilience and Sustainability of People and Woodlands; Ribeiro, N.S., Katerere, Y., Chirwa, P.W.,
Grundy, I.M., Eds.; Springer Nature Switzerland AG: Cham, Switzerland, 2020; Chapter IV, pp. 101–131.

6. White, F. The Vegetation of Africa; UNESCO: Paris, France, 1983.
7. Syampungani, S. Vegetation Change Analysis and Ecological Recovery of The Copperbelt Miombo Woodland of Zambia. Ph.D.

Thesis, University of Stellenbosch, Stellenbosch, South Africa, 2008.
8. Lawton, A.R.M. A Study of the Dynamic Ecology of Zambian Vegetation. J. Ecol. 1978, 66, 175–198. [CrossRef]
9. Trapnell, C.G. Ecological Results of Woodland and Burning Experiments in Northern Rhodisia. J. Ecol. 1959, 47, 129. [CrossRef]
10. Bulenga, G.B.; Maliondo, S.M.S.; Katani, J.Z. Relationships Between Tree Species Diversity With Soil Chemical Properties in

Semi-Dry Miombo Woodland Ecosystems. Tanzan. J. For. Nat. Conserv. 2021, 90, 1–17.
11. Mario, A.J.; Mesa, S.A.R.; Serrote, C.M.L. The effect of anthropic activities on forest coverage in the Mecubúri Forest Reserve,

Mozambique. Nativa 2021, 9, 588–593. [CrossRef]
12. Ribeiro, N.; Ruecker, G.; Govender, N.; Macandza, V.; Pais, A.; Machava, D.; Chauque, A.; Lisboa, S.N.; Bandeira, R. The influence

of fire frequency on the structure and botanical composition of savanna ecosystems. Ecol. Evol. 2019, 9, 8253–8264. [CrossRef]
13. Chidumayo, E.N. Forest degradation and recovery in a miombo woodland landscape in Zambia: 22 years of observations on

permanent sample plots. For. Ecol. Manag. 2013, 291, 154–161. [CrossRef]
14. Kikula, I.S. The Influence of Fire on the Composition of Miombo Woodland of SW Tanzania. Oikos 1986, 46, 317–324. [CrossRef]
15. Frost, P. The ecology of miombo woodlands. In The Miombo in Transition: Woodlands and Welfare in Africa; Campbell, B., Ed.;

CIFOR: Jakarta, Indonesia, 1996; Chapter 2, pp. 11–57. [CrossRef]
16. Chidumayo, E.; Marunda, C. Dry Forests and Woodlands in Sub-Saharan Africa: Context and Challenges. In The Dry Forests

and Woodlands of Africa: Managing for Products and Services, 1st ed.; Chidumayo, E.N., Gumbo, D.J., Eds.; Center for International
Forestry Research (CIFOR): London, UK; Washington, DC, USA, 2010; Chapter I, pp. 1–9. [CrossRef]

17. Orthmann, B. Vegetation Ecology of a Woodland-Savanna Mosaic in Central Benin (West Africa): Ecosystem Analysis with Focus
on the Impact of Selective Logging. Ph.D. Thesis, Universität Rostock, Rostock, Germany, 2005.

18. Chirwa, P.W.; Syampungani, S.; Geldenhuys, C.J. The ecology and management of the Miombo woodlands for sustainable
livelihoods in southern Africa: The case for non-timber forest products. South. For. 2009, 70, 237–245. [CrossRef]

19. Republica de Mocambique, Boletim da República. 2020. Available online: https://gazettes.africa/akn/mz/officialGazette/
government-gazette-series-i/2020-03-27/60/por@2020-03-27/source (accessed on 20 December 2024).

20. Poudyal, B.H.; Maraseni, T.; Cockfield, G. Evolutionary dynamics of selective logging in the tropics: A systematic review of
impact studies and their e ff ectiveness in sustainable forest management. For. Ecol. Manag. 2018, 430, 166–175. [CrossRef]

21. Cazzolla Gatti, R.; Castaldi, S.; Lindsell, J.A.; Coomes, D.A.; Marchetti, M.; Maesano, M.; Di Paola, A.; Paparella, F.; Valentini, R.
The impact of selective logging and clearcutting on forest structure, tree diversity and above-ground biomass of African tropical
forests. Ecol. Res. 2014, 30, 119–132. [CrossRef]

22. Nasi, R.; Cassagne, B.; Billand, A. Forest management in Central Africa: Where are we? Int. For. Rev. 2006, 8, 14–20. [CrossRef]

https://doi.org/10.1016/j.oneear.2024.06.016
https://doi.org/10.4236/ojf.2017.72018
https://doi.org/10.2307/2259187
https://doi.org/10.2307/2257252
https://doi.org/10.31413/nativa.v9i5.13152
https://doi.org/10.1002/ece3.5400
https://doi.org/10.1016/j.foreco.2012.11.031
https://doi.org/10.2307/3565829
https://doi.org/10.17528/cifor/000465
https://doi.org/10.5860/choice.48-3271
https://doi.org/10.2989/SF.2008.70.3.7.668
https://gazettes.africa/akn/mz/officialGazette/government-gazette-series-i/2020-03-27/60/por@2020-03-27/source
https://gazettes.africa/akn/mz/officialGazette/government-gazette-series-i/2020-03-27/60/por@2020-03-27/source
https://doi.org/10.1016/j.foreco.2018.08.006
https://doi.org/10.1007/s11284-014-1217-3
https://doi.org/10.1505/ifor.8.1.14


Forests 2025, 16, 569 26 of 29

23. Perez-Verdin, G.; Monarrez-Gonzalez, J.C.; Tecle, A.; Pompa-Garcia, M. Evaluating the multi-functionality of forest ecosystems in
northern Mexico. Forests 2018, 9, 178. [CrossRef]

24. Sitoe, A.; Chidumayo, E.; Alberto, M. Timber and wood products. In The Dry Forests and Woodlands of Africa: Managing for Products
and Services, 1st ed.; Chidumayo, E.N., Gumbo, D.J., Eds.; Center for International Forestry Research: London, UK; Washington,
DC, USA, 2010; Chapter VI, pp. 131–153. [CrossRef]

25. Ribeiro, N.S.; de Miranda, P.L.S.; Timberlake, J. Biogeography and Ecology of Miombo Woodlands. In Miombo Woodlands in a
Changing Environment: Securing the Resilience and Sustainability of People and Woodlands, 1st ed.; Ribeiro, N.S., Yemi, K., Chirwa,
P.W., Grundy, I.M., Eds.; Springer Nature: Cham, Switzerland, 2020; Chapter II, pp. 9–55.

26. Damptey, F.G.; Adofo, E.; Duah-Gyamfi, A.; Adusu, D.; Opuni-Frimpong, E. Logging effects on seedling regeneration and
diversity in a tropical moist semi-deciduous forest in Ghana. Geol. Ecol. Landsc. 2023, 7, 269–280. [CrossRef]

27. Hofiço, N.D.S.A. Potencial de regeneração natural e crescimento de Millettia stuhlmannii taub. Em floresta de miombo como
Subsídio para o manejo sustentável. Ph.D. Thesis, Universidade Federal De Santa Maria, Santa Maria, Brazil, 2021.

28. Kalaba, F.K.; Quinn, C.H.; Dougill, A.J.; Vinya, R. Floristic composition, species diversity and carbon storage in charcoal and
agriculture fallows and management implications in Miombo woodlands of Zambia. For. Ecol. Manag. 2013, 304, 99–109.
[CrossRef]

29. Lisboa, S.N.; Grinand, C.; Betbeder, J.; Montfort, F.; Blanc, L. Disentangling the drivers of deforestation and forest degradation in
the Miombo landscape: A case study from Mozambique. Int. J. Appl. Earth Obs. Geoinf. 2024, 130, 103904. [CrossRef]

30. Workneh, Y.; Wasie, D. Effects of Selective Harvesting on Diversit, Structure and Regeneration of Woody Plants in Mixed
Plantation of Menagesha Suba Forest, Central Ethiopia. Int. J. For. Res. 2024, 2024, 1–20. [CrossRef]

31. Syampungani, S.; Geldenhuys, C.J.; Chirwa, P.W. Linking disturbances to sustainable management of the copperbelt miombo
woodland ecosystems of zambia. In Sustainable Management in Africa: Some Solutions to Natural Forest Management Problems in
Africa; Geldenhuys, C.J., Ham, C., Ham, H., Eds.; Department of Forest and Wood Science of Stellenbosch University: Matieland,
South Africa, 2008; pp. 71–87.

32. Ribeiro, N.S.; de Miranda, P.L.S.; Timberlake, J. Biogeography and Ecology of Miombo Woodlands. In Managing Miombo: Ecological
and Silvicultural Options for Sustainable Socio-Economic Benefit; Ribeiro, N.S., Katerere, Y., Chirwa, P.W., Grundy, M.I., Eds.; Springer
Nature: Cham, Switzerland, 2020; Chapter II, pp. 9–54.

33. Amonum, J.I.; Jonathan, B.A.; Japheth, H. Structure and Diversity of Tree Species at the College of Forestry and Fisheries,
University of Agriculture Makurdi, Benue State, Nigeria. Int. J. For. Hortic. 2019, 5, 20–27. [CrossRef]

34. Ribeiro, N.S.; Grundy, I.M.; Gonçalves, F.M.P.; Moura, I.; Santos, M.J.; Kamoto, J.; Ribeiro-Barros, A.I.; Gandiwa, E. People in the
Miombo Woodlands: Socio-Ecological Dynamics. In Miombo Woodlands in a Changing Environment: Securing the Resilience and
Sustainability of People and Woodlands; Ribeiro, N.S., Katerere, Y., Chirwa, P.W., Grundy, I.M., Eds.; Springer: Cham, Switzerland,
2020; Chapter III, pp. 55–100.

35. Matowo, G.S.; Sangeda, A.Z.; Katani, J.Z. The regeneration dynamics of Miombo tree species in Sub-Saharan Africa. Afr. J. Ecol.
Ecosyst. 2019, 6, 1–16.

36. Nangendo, G.; Steege, H.T.; Bongers, F. Composition of woody species in a dynamic forest–woodland–savannah mosaic in
Uganda: Implications for conservation and management. Biodivers. Conserv. 2006, 15, 1467–1495. [CrossRef]

37. Dziba, L.; Ramoelo, A.; Ryan, C.; Harrison, S.; Pritchard, R.; Tripathi, H.; Sitas, N.; Selomane, O.; Engelbrecht, F.; Pereira, L.;
et al. Scenarios for Just and Sustainable Futures in the Miombo Woodlands. In Miombo Woodlands in a Changing Environment:
Securing the Resilience and Sustainability of People and Woodlands, 1st ed.; Ribeiro, N.S., Katerere, Y., Chirwa, P.W., Grundy, I.M., Eds.;
Springer Nature: Cham, Switzerland, 2020; Chapter VI, pp. 191–235.

38. De Cáceres, M.; Martín-Alcón, S.; González-Olabarria, J.R.; Coll, L. A general method for the classification of forest stands using
species composition and vertical and horizontal structure. Ann. For. Sci. 2019, 76, 40. [CrossRef]

39. Sobola, O.O.; Oke, D.O.; Adedayo, A.G.; Olusola, J.A. Tree Species Composition, Richness and Diversity in the Northern
Guinea-Savanna Taraba State, Nigeria. Asian J. Res. Agric. For. 2021, 7, 1–11. [CrossRef]

40. Perring, M.P.; Standish, R.J.; Price, J.N.; Craig, M.D.; Erickson, T.E.; Ruthrof, K.X.; Whiteley, A.S.; Valentine, L.E.; Hobbs, R.J.
Advances in restoration ecology: Rising to the challenges of the coming decades. Ecosphere 2015, 6, 1–25. [CrossRef]

41. Congdon, R.A.; Herbohn, J.L. Ecosystem dynamics of disturbed and undisturbed sites in north Queensland wet tropical rain
forest. I. Floristic composition, climate and soil chemistry. J. Trop. Ecol. 1993, 9, 349–363. [CrossRef]

42. Fujimori, T. Ecological and Silvicultural Strategies for Sustainable Forest Management, 1st ed.; Elsevier Science B.V.: Amsterdam,
The Netherlands, 2001.

43. Victor, P.M.; Tshisikhawe, M.P.; Magwede, K. Population dynamics of Spirostachys africana Sond. a species highly exploited
amongst some communities of Limpopo Province, South Africa. Biodiversitas 2023, 24, 492–497. [CrossRef]

44. Kacholi, D.S. Population structure, harvesting rate and regeneration status of four woody species in Kimboza forest reserve,
Morogoro region—Tanzania. Plants Environ. 2020, 2, 94–100. [CrossRef]

https://doi.org/10.3390/f9040178
https://doi.org/10.1007/978-94-010-0969-0_12
https://doi.org/10.1080/24749508.2021.1952769
https://doi.org/10.1016/j.foreco.2013.04.024
https://doi.org/10.1016/j.jag.2024.103904
https://doi.org/10.1155/2024/3355857
https://doi.org/10.20431/2454-9487.0501004
https://doi.org/10.1007/s10531-005-1876-z
https://doi.org/10.1007/s13595-019-0824-0
https://doi.org/10.9734/ajraf/2021/v7i430133
https://doi.org/10.1890/ES15-00121.1
https://doi.org/10.1017/S0266467400007409
https://doi.org/10.13057/biodiv/d240157
https://doi.org/10.22271/2582-3744.2020.sep.94


Forests 2025, 16, 569 27 of 29

45. Temgoua, L.F.; Solefack, M.C.M.; Nyong, P.A.; Tadjo, P. Floristic diversity and exploitable potential of commercial timber species
in the Cobaba community forest in Eastern Cameroon: Implications for forest management. For. Sci. Technol. 2020, 16, 56–67.
[CrossRef]

46. Romero, F.M.B.; Jacovine, L.A.G.; Ribeiro, S.C.; Torres, C.M.M.E.; Silva, L.F.D.; Gaspar, R.D.O.; Rocha, S.J.S.S.D.; Staudhammer,
C.L.; Fearnside, P.M. Allometric equations for volume, biomass, and carbon in commercial stems harvested in a managed forest
in the southwestern amazon: A case study. Forests 2020, 11, 874. [CrossRef]

47. Chaúque, M. Relatório de Inventário Florestal Relatório de Inventário Florestal da Concessão Florestal de Condue, Distritos de Muanza e
Cheringoma, Província de Sofala; Pemba, Mozambique, 2020.

48. Falcão, M.P. Plano de Maneio Revisto 2017-2022 Levasflor; Maputo, Mozambique, 2017.
49. LevasFlor. Plano De Maneio Da LevasFlor; LDA: Beira, Mozambique, 2024.
50. Tchouto, M.G.P.; De Boer, W.F.; De Wilde, J.J.F.E.; Van Der Maesen, L.J.G. Diversity patterns in the flora of the Campo-Ma’an rain

forest, Cameroon: Do tree species tell it all? In Forest Diversity and Management; Hawksworth, D.L., Bull, A.T., Eds.; Springer:
Dordrecht, The Netherlands, 2006; pp. 293–314. [CrossRef]

51. Kershaw, J.J.A.; Ucey, M.J.; Beers, T.W.; Husch, B. Forest Mensuration, 5th ed.; John Wiley & Sons: West Sussex, UK, 2017.
52. Marzoli, A. Inventário Florestal Nacional-Avaliação Integrada Das Florestas de Moçambique; Ministério de Agricultura: Maputo,

Mozambique, 2007; p. 98.
53. Guedes, B.S.; Sitoe, A.A.; Olsson, B.A. Allometric models for managing lowland miombo woodlands of the Beira corridor in

Mozambique. Glob. Ecol. Conserv. 2018, 13, e00374. [CrossRef]
54. Mounmemi, H.K.; Ekué, M.R.M.; Forbi, F.P.; Banoho, L.P.R.K.; Tiokeng, B.; Maffo, N.L.M.; Betti, L.J.; Tchoupou, C.M.V.; Ntonmen,

A.F.Y.; Taedoumg, H.E.; et al. Assessing plant diversity change in logged and unlogged dense semi-deciduous production forest
of eastern Cameroon. Heliyon 2023, 9, e16199. [CrossRef]

55. Henderson, P.A. Practical Methods in Ecology, 1st ed.; Blackwell Science Ltd.: Malden, MA, USA; Oxford, UK; Victoria, Australia;
Berlin, Germany, 2003; Volume 30. [CrossRef]

56. Southwood, T.R.E.; Henderson, P.A. Ecological Methods, 3rd ed.; Blackwell Science Ltd.: Oxford, UK; London, UK; Edinburgh,
UK, 2000.

57. Nyirenda, H.; Assédé, E.P.S.; Chirwa, P.W.; Geldenhuys, C.; Nsubuga, F.W. The effect of land use change and management on
the vegetation characteristics and termite distribution in Malawian Miombo woodland agroecosystem. Agrofor. Syst. 2019, 93,
2331–2343. [CrossRef]

58. Zimudzi, C.; Chapano, C. Diversity, Population Structure, and Above Ground Biomass in Woody Species on Ngomakurira
Mountain, Domboshawa, Zimbabwe. Int. J. Biodivers. 2016, 2016, 4909158. [CrossRef]

59. Ryan, C.M.; Pritchard, R.; McNicol, I.; Owen, M.; Fisher, J.A.; Lehmann, C. Ecosystem services from southern African woodlands
and their future under global change. Philos. Trans. R. Soc. B Biol. Sci. 2016, 371, 20150312. [CrossRef] [PubMed]

60. Mwakalukwa, E.E.; Andrew, S.M. Structure, regeneration and carbon stocks of woody plants in the Litwang’ata village land
forest reserve, Southwest Tanzania. Folia Oecologica 2024, 51, 29–38. [CrossRef]

61. Desanker, P.V.; Prentice, I.C. MIOMBO—A vegetation dynamics model for the miombo woodlands on Zambezian Africa. For.
Ecol. Manag. 1994, 69, 87–95. [CrossRef]

62. Ryan, C.; Williams, M. How does fire intensity and frequency affect miombo woodland tree populations and biomass? Ecol. Appl.
2011, 21, 48–60. [CrossRef]

63. Mapaure, I. Short-term responses of shrub layer communities to dry season fires and tree thinning in semi-arid miombo
woodlands of north-western Zimbabwe. Afr. J. Plant Sci. 2013, 7, 414–425. [CrossRef]

64. Humphrey, J.; Bailey, S. Practice Guide: Managing Deadwood in Forests and Woodlands, 1st ed.; Forestry Commission: Edinburgh,
Scotland, 2012.

65. Maliondo, S.M.S.; Abeli, W.S.; Meiludie, R.E.L.O.; Migunga, G.A.; Kimaro, A.A.; Applegate, G.B. Tree species composition and
potential timber production of a communal miombo woodland in Handeni district, Tanzania. J. Trop. For. Sci. 2005, 17, 104–120.

66. Miapia, L.M.; Ariza-Mateos, D.; Lacerda-Quartín, V.; Palacios-Rodríguez, G. Deforestation and Biomass Production in Miombo
Forest in Huambo (Angola): A Balance between Local and Global Needs. Forests 2021, 12, 1557. [CrossRef]

67. Chingonikaya, E.E.; Munishi, P.K.T.; Luoga, E.J. Woody Vegetation Stocking, Composition and Diversity in Miombo Woodlands
in Tanzania: A Case Study of Mgori Forest Reserve in Singida District. Tanzan. J. For. Nat. Conserv. 2010, 80, 1–18.

68. Chamshama, S.A.O.; Mugasha, A.G.; Zahabu, E. Stand biomass and volume estimation for miombo woodlands at kitulangalo,
morogoro, tanzania. S. Afr. For. J. 2004, 200, 59–69. [CrossRef]

69. Mwakalukwa, E.E.; Meilby, H.; Treue, T. Floristic Composition, Structure, and Species Associations of Dry Miombo Woodland in
Tanzania. ISRN Biodivers. 2014, 2014, 1–15. [CrossRef]

70. Koirala, A.; Montes, C.R.; Bullock, B.P.; Wagle, B.H. Developing taper equations for planted teak (Tectona grandis L.f.) trees of
central lowland Nepal. Trees For. People 2021, 5, 100103. [CrossRef]

https://doi.org/10.1080/21580103.2020.1750493
https://doi.org/10.3390/f11080874
https://doi.org/10.1007/978-1-4020-5208-8_16
https://doi.org/10.1016/j.gecco.2018.e00374
https://doi.org/10.1016/j.heliyon.2023.e16199
https://doi.org/10.1111/j.1442-9993.2005.01460.x
https://doi.org/10.1007/s10457-019-00358-8
https://doi.org/10.1155/2016/4909158
https://doi.org/10.1098/rstb.2015.0312
https://www.ncbi.nlm.nih.gov/pubmed/27502377
https://doi.org/10.2478/foecol-2024-0003
https://doi.org/10.1016/0378-1127(94)90221-6
https://doi.org/10.1890/09-1489.1
https://doi.org/10.5897/AJPS2013.0993
https://doi.org/10.3390/f12111557
https://doi.org/10.1080/20702620.2004.10431761
https://doi.org/10.1155/2014/153278
https://doi.org/10.1016/j.tfp.2021.100103


Forests 2025, 16, 569 28 of 29

71. Bulusu, M.; Martius, C.; Clendenning, J. Carbon stocks in miombo woodlands: Evidence from over 50 years. Forests 2021, 12, 862.
[CrossRef]

72. Shirima, D.D.; Munishi, P.K.T.; Lewis, S.L.; Burgess, N.D.; Marshall, A.R.; Balmford, A.; Swetnam, R.D.; Zahabu, E.M. Carbon
storage, structure and composition of Miombo woodlands in Carbon storage, structure and composition of miombo woodlands
in Tanzania’s Eastern Arc Mountains. Afr. J. Ecol. 2011, 49, 332–342. [CrossRef]

73. Muvengwi, J.; Chisango, T.; Mpakairi, K.; Mbiba, M.; Witkowski, E.T.F. Structure, composition and regeneration of miombo
woodlands within harvested and unharvested areas. For. Ecol. Manag. 2020, 458, 117792. [CrossRef]

74. Handavu, F.; Syampungani, S.; Chisanga, E. The influence of stump diameter and height on coppicing ability of selected key
Miombo woodland tree species of Zambia: A guide for harvesting for charcoal production. Ecol. Nat. Environ. 2011, 3, 461–468.
[CrossRef]

75. Syampungani, S.; Geldenhuys, C.J.; Chirwa, P.W. Regeneration dynamics of miombo woodland in response to different anthro-
pogenic disturbances: Forest characterisation for sustainable management. Agrofor. Syst. 2015, 90, 563–576. [CrossRef]

76. Saka, M.G.; Nyiptem, E.I. Quantitative Analysis of Tree Species Composition and Diversity in Gashaka Gumti National Park
Nigeria. Int. J. Res. Agric. For. 2018, 5, 17–23.

77. Zisadza-Gandiwa, P.; Mabika, C.T.; Kupika, O.L.; Gandiwa, E.; Murungweni, C. Vegetation Structure and Composition across
Different Land Uses in a Semiarid Savanna of Southern Zimbabwe. Int. J. Biodivers. 2013, 2013, 692564. [CrossRef]

78. Ameja, L.G.; Ribeiro, N.; Sitoe, A.A.; Guillot, B. Regeneration and restoration status of miombo woodland following land use
land cover changes at the buffer zone of Gile National Park’s Central Mozambique. Trees For. People 2022, 9, 100290. [CrossRef]

79. Hofiço, N.D.S.A.; Fleig, F.D. Diversity and Structure of Miombo Woodlands in Mozambique Using a Range of Sampling Sizes. J.
Agric. Sci. Technol. B 2015, 5, 679–690. [CrossRef]

80. Jew, E.K.K.; Dougill, A.J.; Sallu, S.M.; O’Connell, J.; Benton, T.G. Miombo woodland under threat: Consequences for tree diversity
and carbon storage. For. Ecol. Manag. 2016, 361, 144–153. [CrossRef]

81. Mwavu, E.N.; Witkowski, E.T.F. Population structure and regeneration of multiple-use tree species in a semi-deciduous African
tropical rainforest: Implications for primate conservation. For. Ecol. Manag. 2009, 258, 840–849. [CrossRef]

82. Tshisikhawe, M.P.; Siaga, N.M.; Bhat, R.B. Population dynamics of Millettia stuhlmannii Taub. in Ha-Makhuvha, Vhembe district
of Limpopo province, South Africa. Phyton-Int. J. Exp. Bot. 2011, 80, 127–132. [CrossRef]

83. Egonmwan, I.Y.; Ogana, F.N. Application of diameter distribution model for volume estimation in Tectona grandis L.f. stands in
the Oluwa forest reserve, Nigeria. Trop. Plant Res. 2020, 7, 573–580. [CrossRef]

84. Buramuge, V.A.; Ribeiro, N.S.; Olsson, L.; Bandeira, R.R.; Lisboa, S.N. Tree Species Composition and Diversity in Fire-Affected
Areas of Miombo Woodlands, Central Mozambique. Fire 2023, 6, 26. [CrossRef]

85. Hofiço, N.D.S.A.; Costa, E.A.; Nanvonamuquitxo, S.J.A.; Fleig, F.D. Regulation of the Diametric Structure of the Miombo
Woodland Using the De Liocourt Method in Mozambique. Nativa 2018, 6, 407–414. [CrossRef]

86. Banda, T.; Schwartz, M.W.; Caro, T. Woody vegetation structure and composition along a protection gradient in a miombo
ecosystem of western Tanzania. For. Ecol. Manag. 2006, 230, 179–185. [CrossRef]

87. Nanvonamuquitxo, S.J.A.; Macueia, F.B.E.D.; Caravela, M.I. Structure and forest diversity of Miombo woodland in Taratibu,
North of Mozambique. Nativa 2019, 7, 778–783. [CrossRef]

88. Rodgers, W.A. The Miombo Woodlands. In East African Ecosystems and Their Conservation; McClanahan, T.R., Young, T.P., Eds.;
Oxford University Press: New York, NY, USA, 1996; Chapter 12, pp. 299–326. [CrossRef]

89. Bulenga, G.B.; Maliondo, S.M.S.; Katani, J.Z.; Nyberg, G. Tree Species Diversity and Edaphic Factors Associated with Different
Land Uses in Tropical Forest Ecosystems, Tanzania. Open J. Ecol. 2023, 13, 759–772. [CrossRef]

90. Bilew, A.; Kitessa, H.; Balcha, A. Floristic composition and structural analysis of Gelesha forest, Gambella regional State, Southwest
Ethiopia. J. Ecol. Nat. Environ. 2015, 7, 218–227. [CrossRef]

91. Sambou, S.; Faye, L.C.; Diop, F.N.; Dieng, S.D.; Mbow, C. Importance Value Index and Species Relative Contribution to Carbon
Stocks in Savanna Ecosystems: Implications for Climate Change Mitigation and Forest Management in Patako Forest (Senegal).
Int. J. Innov. Sci. Res. Technol. 2022, 7, 359–365.

92. Huang, W.; Pohjonen, V.; Johansson, S.; Nashanda, M.; Katigula, M.I.L.; Luukkanen, O. Species diversity, forest structure and
species composition in Tanzanian tropical forests. For. Ecol. Manag. 2003, 173, 11–24. [CrossRef]

93. Achury, R.; Staab, M.; Blüthgen, N.; Weisser, W.W. Forest gaps increase true bug diversity by recruiting open land species.
Oecologia 2023, 202, 299–312. [CrossRef]

94. Bwambok, E.; Konje, M. Impact of Anthropogenic Activities on Tree Species Density And Stem Size Distribution in Kisere
Fragment of the The Kakamega Forest, Kenya. Res. J. For. 2021, 8. Available online: https://researchjournali.com/view.php?id=
5735 (accessed on 11 December 2024).

95. Roque, R.H.; Sebbenn, A.M.; Boshier, D.H.; Filho, A.F.; Tambarussi, E.V. Logging Affects Genetic Diversity Parameters in an
Araucaria angustifolia Population: An Endangered Species in Southern Brazil. Forests 2023, 14, 1046. [CrossRef]

https://doi.org/10.3390/f12070862
https://doi.org/10.1111/j.1365-2028.2011.01269.x
https://doi.org/10.1016/j.foreco.2019.117792
https://doi.org/10.5897/JENE11.083
https://doi.org/10.1007/s10457-015-9841-7
https://doi.org/10.1155/2013/692564
https://doi.org/10.1016/j.tfp.2022.100290
https://doi.org/10.17265/2161-6264/2015.10.005
https://doi.org/10.1016/j.foreco.2015.11.011
https://doi.org/10.1016/j.foreco.2009.03.019
https://doi.org/10.32604/phyton.2011.80.127
https://doi.org/10.22271/tpr.2020.v7.i3.070
https://doi.org/10.3390/fire6010026
https://doi.org/10.31413/nativa.v6i4.5396
https://doi.org/10.1016/j.foreco.2006.04.032
https://doi.org/10.31413/nativa.v7i6.7198
https://doi.org/10.1093/oso/9780195108170.003.0006
https://doi.org/10.4236/oje.2023.1310046
https://doi.org/10.5897/JENE2015.0530
https://doi.org/10.1016/S0378-1127(01)00820-9
https://doi.org/10.1007/s00442-023-05392-z
https://researchjournali.com/view.php?id=5735
https://researchjournali.com/view.php?id=5735
https://doi.org/10.3390/f14051046


Forests 2025, 16, 569 29 of 29

96. Ratnam, W.; Rajora, O.P.; Finkeldey, R.; Aravanopoulos, F.; Bouvet, J.M.; Vaillancourt, R.E.; Kanashiro, M.; Fady, B.; Tomita, M.;
Vinson, C. Genetic effects of forest management practices: Global synthesis and perspectives. For. Ecol. Manag. 2014, 333, 52–65.
[CrossRef]

97. Miller, G.W.; Smith, H.C. A Practical Alternative to Single-Tree Selection? North. J. Appl. For. 1993, 10, 32–38. [CrossRef]
98. Grisez, T.J.; Mendel, J.J. The Rate of Value Increase for Black Cherry, Red Maple, and White Ash; Northeastern Forest Experiment

Station, Forest Service, US Department of Agriculture: Upper Darby, PA, USA, 1972.
99. Modest, R.; Maganga, S.; Hassan, S.; Mariki, S.; Muganda, M. Population Structure and Exploitation of Three Commercial Tree

Species in Nguru ya Ndege Forest Reserve, Morogoro—Tanzania. Ethiop. J. Environ. Stud. Manag. 2011, 3, 41–48. [CrossRef]
100. Mudekwe, J. The Impact of Subsistence Use of Forest Products and the Dynamics of Harvested Woody Species Populations in a

Protected Forest Reserve in Western Zimbabwe. Ph.D. Thesis, Univeristy of Stellenbosch, Stellenbosch, South Africa, 2007.
101. Mate, R.; Johansson, T.; Sitoe, A. Biomass equations for tropical forest tree species in mozambique. Forests 2014, 5, 535–556.

[CrossRef]
102. Joaquim-Meque, E.; Lousada, J.; Liberato, M.L.R.; Fonseca, T.F. Forest in Mozambique: Actual Distribution of Tree Species and

Potential Threats. Land 2023, 12, 1519. [CrossRef]
103. Gonçalves, F.M.P.; Revermann, R.; Gomes, A.L.; Aidar, M.P.M.; Finckh, M.; Juergens, N. Tree Species Diversity and Composition

of Miombo Woodlands in South-Central Angola: A Chronosequence of Forest Recovery after Shifting Cultivation. Int. J. For. Res.
2017, 2017, 6202093. [CrossRef]

104. Geldenhuys, C.J.; Ham, C.; Ham, H. (Eds.) Sustainable Management in Africa: Some Solutions to Natural Forest Management Problems
in Africa; Department of Forest and Wood Science of Stellenbosch University: Matieland, South Africa, 2008.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.foreco.2014.06.008
https://doi.org/10.1093/njaf/10.1.32
https://doi.org/10.4314/ejesm.v3i3.63964
https://doi.org/10.3390/f5030535
https://doi.org/10.3390/land12081519
https://doi.org/10.1155/2017/6202093

	Introduction 
	Materials and Methods 
	Study Area 
	Methods 
	Data Collection 
	Data Analysis 


	Results 
	Stand Structure 
	Stand Structure by Stem Quality and Health Status 
	Stand Structure by Stem Density, Basal Area, Above Ground Biomass, Stem and Total Volume for All Trees Within the Stand 
	Diameter Distribution of Stand Structural Variables, i.e., Stem Density, Basal Area, Above Ground Biomass, Stem and Total Volume 

	Tree Species Composition 
	Species Richness, Importance Value Index, and Family 
	Composition of Rare Tree Species 
	Tree Species Diversity 

	Structural Variables of a Selectively Logged Stand by Tree Categories 
	Stem Density, Basal Area, Above Ground Biomass, Stem and Total Volume for All Trees Categories 
	Diameter Distribution by Tree Species Categories 


	Discussion 
	Structural Dynamics and Mortality Patterns 
	Distribution of Parameters by DBH Classes 
	Species Composition, Dominance Patterns, and Ecological Implications of Disturbance in Managed Miombo Woodlands 
	Impact of Management on Species Diversity in Miombo Woodlands 
	Relationship Between Structural Variables and Tree Categories 

	Conclusions 
	Appendix A
	Appendix B
	References

