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Abstract: Tropical peri-urban ecosystems are essential for the urban population’s well-being through
the goods and services they provide. Unfortunately, these ecosystems are subjected to anthropogenic
pressures for various reasons. This study aims to assess the diversity and structure of the peri-urban
ecosystems that provide the most edible insects in Kinshasa. A total of 360 people were interviewed
to identify the two insect species most frequently consumed. The tree inventory was carried out in
50 plots (2500 m? each), of which 25 were in Acacia plantations, 10 were planted Milletia forests, and
15 were natural Millettia forests. The diameters of each tree, dbh > 10 cm, were measured. Principal
component analysis (PCA) was used to distinguish the forest communities. Diversity indices were
used to assess floristic variability and structural parameters were used to characterize forest stands.
Two insects were identified as being the most commonly consumed in Kinshasa: Gonimbrasia jamesoni
(28%) and Cirina forda (27%), found the in Acacia plantation, and in the planted Milletia forests and
natural Milletti forest, respectively. The results indicate floristic (higher in the Acacia plantation) and
structural variability between stands. The structure of the stands indicates good news for all forests,
except the planted forest. The high frequency/dominance of A. auriculiformis and M. laurentii in the
peri-urban ecosystems of Kinshasa would therefore be optimal conditions (under natural conditions)
for good production of these two caterpillar species.

Keywords: Acacia auriculiformis; Millettia laurentii; diversity and structure; peri-urban ecosystem;
Kinshasa province; edible insects

1. Introduction

Natural peri-urban ecosystems in the tropics contribute to the well-being of urban
populations through the goods and services they provide. Unfortunately, in recent decades,
these ecosystems have been subjected to anthropogenic pressures for a variety of reasons,
thereby considerably altering their structure and jeopardizing their sustainability [1].

For instance, in 2000, the total area of degraded forests and woodlands in 77 tropical
countries was estimated at around 800 million hectares (40%), including 500 million hectares
(25%) of primary and secondary forests [2]. In Africa, the annual deforestation rate is
50% [3]. This situation has been exacerbated by the widespread adoption of unsustainable
development models, which have led to substantial and irreversible losses of biological
diversity. Around 60% of ecosystem services identified in the 2005 Millennium Ecosystem
Assessment have been degraded or used unsustainably [4,5].

In humid tropical Africa, peri-urban forest ecosystems represent diverse and structured
habitats. They display spatial floristic heterogeneity, which is expressed to a large extent
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by continuous changes in floristic composition and/or species stand structure at local and
regional scales [6]. Within this floristic and structural heterogeneity, certain preferential
arrangements are easily distinguishable, for example, clusters of specific biological types,
clusters of trees in certain topographic or physiographic positions, and even clusters of
species due to particular biotopes [6]. Several studies have attempted to explain the causes
of this plant diversity, by taking into account factors such as climate, soil, and species
temperament [7]. Other research carried out in the tropics has highlighted the influence of
soil properties on the spatial distribution of species [8]. Today, sensitive natural peri-urban
ecosystems such as forest patches, which are essential for influencing climate change as
carbon sinks, require knowledge of their characteristics for their sustainable management.

In particular, wooded green spaces are valuable for their multiple ecosystem services,
which include regulating water flows and urban climates, reducing noise levels, and
providing nutritional services [9-13].

Although studies on shrubs and trees in urbanized areas are beginning to emerge in
developing countries, the literature generally highlights the need for greater knowledge
about wooded green spaces [10,14,15], particularly on aspects relating to their improved
management [16]. However, wooded green spaces are present in both peri-urban and
urban areas, depending on the ecological context of the region and the history of the urban
planning process [12], which is the case in Kinshasa, the capital of the Democratic Republic
of Congo (DRC).

In the specific case of the province of Kinshasa, the ecosystems are subjected to the
same disturbances that have led to their extinction. These ecosystems are used as storage
reservoirs for basic vital needs while serving as drains for solid and biological waste. They
are therefore more likely to be exploited and misused. This situation is exacerbated by
rapid urbanization [17]. Thus, land use and land cover change in African cities are reducing
the cover of green spaces [17-19].

The phytosociological approach, based on the analysis of floristic or structural data, or
a combination of the two, would make it possible to identify several types of factors ex-
plaining the heterogeneity of tropical rainforests. However, certain ecological factors (mode
of dissemination, ecological barrier, type of substrate, microclimate, etc.) are considered to
have a major influence on the structure and composition of stands at different scales [7,8].

The general objective of this study is to contribute to the sustainable management of
urban biodiversity in Kinshasa in the context of strong urbanization.

Specifically, the aim is to (i) identify the two (2) species of insects most commonly
consumed in Kinshasa; (ii) assess the diversity and structure of plant formations providing
the insects most commonly consumed in Kinshasa; (iii) establish correlations between the
dendrometric parameters studied.

2. Material and Methods
2.1. Presentation of the Study Framework

The Kinshasa Province covers an area of 9965 km? [18]. It extends along the southern
bank of the “Pool Malebo” and constitutes a huge crescent covering a flat, low-lying area
with an average altitude of about 300 m. Located between 4° and 5° south latitude and
between 15° and 16°32’ east longitude, the Kinshasa Province is bordered to the east by the
provinces of Mai-Ndombe, Kwilu, and Kwango, to the west and north by the Congo River,
forming the natural border with the Republic of Congo, and to the south by the province of
Kongo Central (Figure 1).
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Figure 1. Location of the Kinshasa Province in the DRC (with the 4 surveyed communes and the
3 tree inventory sites) and the situation in Central Africa and Africa.

The population has grown strongly and continuously since its inception. This pop-
ulation growth should be seen in the global context of unprecedented urban population
growth [19].

The climate is tropical, hot, and humid. The average annual temperature is 25 °C and
the average annual rainfall is 1400 mm, with an average of 112 rainy days per year, peaking
in April with 18 rainy days [20].

The vegetation, which in the past consisted of gallery forests in the wet valleys of the
Guineo-Congolese ombrophile-type and grassy formations, is characterized by pre-forest
fallows that have been severely degraded and intensively exploited in the form of forest
rejects of various ages. In addition, a small group of typically ruderal vegetation can be
found along a strip of railway track a few meters wide [21].

2.2. Site Sampling and Data Collection

Concerning ethnobotanical and ethnoentomological surveys, the first stage of the
work consisted of identifying four communes (Mont Ngafula, Kasa-Vubu, Masina, and
Maluku) based on the culture of the local populations with regard to the consumption of
insects, the geographical position, accessibility, and frequency of supply of edible insects.

Based on this choice, the second stage of the work was devoted to pre-surveys carried
out on a sample of four well-targeted respondents (non-timber forest products (NTFPs)
depot manager, head of household, restaurant manager, and head of the environment
department) per commune, i.e., 16 respondents aged 45 or over, with at least 25 years of
service/residence in the commune.

The third stage of the work involved surveys of a sample of 360 people, using a pre-
established questionnaire. These included 30 heads of household, 30 restaurant managers,
and 30 edible insect sellers per commune. The respondents identified were 45 years of age
or older and had been in the profession for at least 10 years and lived in the area for at least
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20 years. The information sought is notably the names (vernacular or scientific/glossary of
insects) of the most commonly consumed insects, their periods of appearance, their places
of origin (province/city), their types of habitats (plant formations), etc.

The inventories (floristic, ecological, and forestry) were carried out simultaneously
in the Acacia plantations, Millettia plantations, and Millettia natural forest on 50 plots of
50 m x 50 m, i.e., 2500 m?. These include 25 plots in the Acacia plantation, 10 plots in the
Millettia planted forest, and 15 plots in the Millettia natural forest. These different numbers
of plots inventoried per formation result from the sampling rate.

In each area, the circumference of all tree stems with Diameter at Breast Height (dbh)
> 10 cm was measured using a tape measure. Species were identified based on the edge
(color, smell), the characteristics of the bark, the leaves, and possibly the flowers and fruits
of the trees surveyed.

For the Millettia formations, following a large difference in dbh between the individuals
and the search for a source plant, the location of the plots was chosen based on the criterion
of locating in the center of each plot a sufficiently fruiting M. laurentii plant isolated at a
minimum distance of 75 m from the others, at dbh > 90 cm. An herbarium was made and
systematically contained more or less two specimens per species. Botanical determination
was carried out at the Laboratory of Ecology and Forest Management (LECAFOR) and
the Herbarium of the University of Kisangani (UNIKIS) for problem species. The Flora
(Volume I to V) of [22], the criteria described by [23], and the general characteristics of
the architecture were used for the determination. For the Millettia formations, following
a high difference in dbh between the individuals and the search for a mother plant, the
location of the plots was chosen based on the criterion of locating in the center of each plot
a sufficiently fruiting M. laurentii plant isolated at a minimum distance of 75 m from the
others, at dbh > 90 cm (Figure 2). The heterogeneity of the Acacia plantation was the only
criterion for location plots.

50 m

o 50 m

. Crown

Seedman

Figure 2. Experimental setup for collecting inventory data.

Data Analysis

The survey data were entered into the Excel spreadsheet and then processed with the
R software, which made it possible to discriminate between the two insect species most
consumed in Kinshasa, their periods of appearance, their places of origin or supply, their
habitat types, and other related information [24]. Principal component analysis (PCA) on
an abundance table crossing “plots x species” of floristic data was carried out to determine
the main structuring axes and thus provide a good approximation of the response of species
to an environmental factor [25]. To determine the dominant species for each formation, the
Importance Value Index (IVI) was calculated. This index represents for each species I the
sum of its relative density (DR), its relative dominance (DoR), and its relative frequency (FR).
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This index varies between 0 and 300; it allows species to be ranked in order of ecological
importance [26]. This index was evaluated using the formula below.

IVI(i) = DR(i) + DOR(i) + FR(i)

The diversity index (H’) of [27] was calculated for each forest stand to assess the
heterogeneity and diversity of a biotope using the following formula:

() (3

where ni is the number of individuals of a species i and N is the total number of individuals
of all species in the biotope.
To measure the species diversity, the [28] index was used. This index was calculated

by the following formula:
D—1_ (Zni(”i - 1))

N(N—1)

where ni is the frequency of species I, N is the sum of the frequencies of all species in the
sample, and D is the Simpson’s index.

Fisher’s alpha diversity index (x) has been calculated to compare the diversity of
different forest stands in an ecosystem. This index has the advantage of being insensitive
to the sampling method and only requires knowledge of the total number of individuals
and species in a forest community [29]. It was calculated from the following relationship:

S = aln(1 + %)

where « represents Fisher’s alpha diversity, N is the number of individuals, and S is the
number of species.

To better discuss the Shannon index, it is often accompanied by the Piélou index (J) or
the equitability index (E) [30]. Its formula corresponds to the ratio between H' and Hmax.
This index, therefore, varies between 0 and 1.

_ Hr
" Hmax

These indices are the most widely used for the study of tropical vegetation diver-
sity [31].

The basal area (G) was calculated for each individual [32] by plot and then by forest
formation according to the following formula:

T2
G= ZD
where G is the basal area and D is the diameter at 1.30 m above ground level.

For some structural parameters (density, basal area, biomass, etc.), the box plot (x) or
whisker box was used. This box shows the first and third quartiles as well as the median,
which is shown as a line inside the box; the whiskers show the minimum and maximum
values. If there are outliers or ‘outliers’, these will be shown above the maximum.

Above-ground biomass (AGB) was determined from an allometric equation applicable
to plant species in Congo Basin forests [33]. The equation considered in the present study
uses two sets of input data, the dbh and wood density.

AGBest = esp [0.046 + 1.156 x log (WSG) + 1.123 x log(D) + 0.436 x (log(D))> — 0.045 x (log(D))°]

The international database (Dryad) provides species-specific wood densities by geo-
graphical area [34]. However, there is a lack of information on the wood density of many
African species. Genus-wide wood density can be estimated from the average wood density
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of the species of the component species [35]. Thus, the wood density of the species was
averaged at the level of each genus. For genera without densities in the database, the
average value of all genera for the site was assigned.

In general, the density (@) of wood is predicted from the species (CTFS Wood Density;
http:/ /www.fao.org/docrep/w4095e /w4095e0c.htm, accessed on 21 December 2022). If
the surveyed trees are not identified or if the surveyed species does not have a known
density, a strategy for replacing missing values is needed. Usually, this strategy is either
taxonomic (use of incomplete taxonomic information: genus, family, etc.) or local (wood
densities of nearby trees).

To test the differences in biomass between the data of the studied forest stands, one-
way analyses of variance were used. The difference is significant between the data if the
p-value is less than 0.05. For the parameter that was tested, the p-value was given.

It should also be noted that ecological survey data related to abiotic, biotic, and edaphic
factors were combined to observe certain interactions and their impacts on the functioning
of the ecosystems under study.

3. Results
3.1. Entomophagic Assessment in Kinshasa

In the Kinshasa Province, survey data revealed the most consumed and traded insect
species. Mainly nine (9) species of insects from peri-urban ecosystems are the most traded.
These are Gonimbrasia jamesoni (Druce), Cirina forda (Westwood), Brachytrupes membranaceus
(Drury), Macrotermes bellicosus (Smeathman), Cymothoe caenis (Drury), Imbrasia obscura (But-
ler), Bunaea alcinoe (Stoll), Tettigonia viridissima (Linnaeus), and Rhynchophorus ferrugineus
(Olivier). Of the species traded, two are the most commonly consumed, namely G. jamesoni
(28%) and Cirina forda (27%) (Figure 3).

Macrotermes

bellicosus
7% Tettigonia
viridissima

Cymothoe caenis
6%

Insects eaten in Kinshasa

Bunaea alcinoe
5%

3% Imbrasia obscura
6%
Rhynchophorus
ferrugineus
0% Brachytrupes
Cirina forda membranaceus
18%

27%

onimbrasia
jamesoni
28%

Figure 3. Species of insects consumed and traded in the Kinshasa Province.

The most consumed insects come from five peripheral localities of the Kinshasa
Province. The province of Grand Bandundu is the main supply point (37%), followed by
Grand Bas-Congo (21%) then Grand Equateur (19%), Tshopo province (13%), 8% exclusively
in the outskirts of Kinshasa, and 2% from undetermined areas (Figure 4a). The plant
formations that provide edible insects are Acacia plantation (55%), Millettia planted forest
(29%), and Millettia natural forest (16%) (Figure 4b). These plant formations are dominated,
respectively, by A. auriculiformis and M. laurentii.
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Figure 4. Origin of the 2 most consumed insect species in DRC (a) and their plant formation providers
in Kinshasa (b).

3.2. Structure of Forest Stands
3.2.1. Typology of Identified Forest Stands

Following PCA, three forests stand out. These are the Acacia plantation, Millettia

planted forest, and Millettia natural forest (Figure 5).
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Figure 5. PCA ordination of the studied forest formations (individuals and variables). Legend. P.A:
Acacia Plantation, FP.Mil: Millettia Planted Forest, and FN.Mil: Millettia Natural Forest.

The stand of Acacia plantations (class 1) is characterized by:

high values for the variables A. auriculiformis and A. mangium (from the most extreme
to the least extreme);

low values for variables such as M. laurentii, Oncoba welwitschii, Lannea welwitschii,
Cassia spectabilis, Dracaena mannii, Markhamia tomentosa, Strychnos variabilis, Voacanga
africana, M. eetveldeana, and Bosqueopsis gilettii (from the most extreme to least extreme).

The stand of Millettia plantation (class 2) is characterized by:

high values for variables such as M. laurentii, C. spectabilis, O. welwitschii, Vitex wel-
witschii, Mangifera indica, V. congolensis, L. welwitschii, Persea americana, Lagerstroemia
speciosa, and Delonix regia (from the most extreme to the least extreme).

low values for the variables A. auriculiformis and A. mangium (from the most extreme
to least extreme).

The natural forest stands with Millettia (class 3) are characterized by:

high values for variables such as V. africana, Bosqueopsis gilettii, Trichilia gilletii, M.
eetveldeana, Hymenocardia ulmoides, Dracaena mannii, Psydrax palma, M. drastica,
Macaranga monandra, and Gaertnera paniculata (from the most extreme to
least extreme).
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- low values for the variables A. auriculiformis and A. mangium (from the most extreme
to least extreme).

The hierarchical tree can be drawn on the factor map with the individuals colored

according to their people. Figure 6 shows the greater floristic similarity of group 2 (Acacia
plantation) and group 3 (Millettia plantation) than group 1 (natural forest).

cluster 1
cluster 2
P
w i
uwr
” 5
5 =
- s
< o1 8=
} £
o~ 1 ._,3*‘" §
]
.
= + + + + + + -
4 2 0 2 4 6 8 10

Dim 1 (19.47%)

Figure 6. Hierarchical tree on the factorial plan according to the floristic compositions per plot.

3.2.2. Floristic Report

A total of 4320 individuals were inventoried, of which 2906 were in the Acacia plan-
tation, 508 in the Millettia planted forest, and 906 in the Millettia natural forest. These
were distributed, respectively, in 2, 37, and 31 species, according to the previous order
of forest formations under study. The most important species according to the IVI are
A. auriculiformis (188.30), M. laurentii (93.04), and M. laurentii (92.96) in Acacia plantations,
Millettia plantations, and natural Millettia forests, respectively (Table 1).

Table 1. The five best-represented species in the different forest formations under study.

PA
Species Name AbRel (N/ha) DoRel (m?/ha) FR (%) VI
Acacia 73.63 64.66 50 188.30
auriculiformis
Acacia mangium 26.37 35.34 50 111.70
EP.Mil
Millettia laurentii 35.43 48.09 9.52 93.04
Oncoba | 12.80 3.50 8.57 24.86
welwitschii
Dracaena mannii 6.50 12.79 4.76 24.05
Millettia 5.71 4.87 3.81 14.38
eetveldeana
Anthocleista
schweinfurthii 6.50 1.38 5.71 13.59
FEN.Mil
Millettia laurentii 41.50 41.97 9.49 92.96
Dracaena mannii 9.60 13.98 6.33 2991
Oncoba 7.06 2.44 7.59 17.10
welwitschii
Trichilia gilletii 3.86 6.24 5.06 15.16
Millettia drastica 4.64 6.18 3.80 14.61

Legend. AbRel = Relative Abundance, DoRel = Relative Dominance, FR = Relative Frequency, IVI = Significant
Value Index, P.A: Acacia Plantation, FN.Mil: Natural Forest at Millettia, FP.Mil: Planted Forest in Millettia.
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The most representative family in terms of species is Fabaceae, at 100%, 42%, and 51%
in the Acacia plantation, Millettia planted forest, and Millettia natural forest, respectively
(Figure 7).

P.A F.P.Mil.
£ Fabaceae/
Autres Faboxsleae
Phyllant 27% 42 A)
haceae
5%
Asparag
aC(Zae Logani‘:a: & Flacourti
6% ceae ceae
7% 13%
F.N.Mil
Other
26% P TN Fabaceae/
,,I SN Faboideae
’,/ :::::::::::::::: 51%
Meliaceae _ F SOSNSNNAN
4% _\ L
Lamiaceae/ 255::::::::::::::::::
Viticoideae DB
4% 2 Y
Flacourticeae : S
6% Asparagaceae
9%

Figure 7. The five families best represented in the forest stands studied. Legend. P.A: Acacia
Plantation, FEP.Mil: Millettia Planted Forest, and FN.Mil: Millettia Natural Forest.

The indices calculated for each of the formations studied show, spatially speaking, a
high specific diversity, except for the Acacia plantations (Table 2). The highest diversity is
observed in the Millettia planted forest (0.76) and the lowest in the Acacia plantations (0.37).
Millettia forests (planted and natural) have relatively similar diversity indices.

Table 2. Diversity indices were calculated for each forestry training course under study.

EF Ha N.Ind. N.S N.Genera N.Family H’ D S Eq
PA 6.25 2905 2.0 1.0 1.0 0.54 0.37 0.35 0.79
EP.Mil 6.0 507 31.0 31.0 20.0 1.82 0.76 4.27 0.78
EN.Mil 2.5 905 37.0 39.0 23.0 1.72 0.69 4.04 0.74

Legend. EF: Forest Training; Ha: Hectare; N. Ind: Number of individuals; N.S: Number of species; H': Shannon’s
diversity index; D: Simpson’s diversity index; S: Fisher’s alpha diversity index («); Eq: Equitability Index;
P.A: Acacia Plantation, EP.Mil: Millettia Planted Forest, and FN.Mil: Millettia Natural Forest.
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3.2.3. Structural Characteristics of Forest Stands Identified

a. Density and basal area

The average densities and land areas obtained within the forest stands were
116 trees/ha, 203 trees/ha, and 242 trees/ha and 10.68 m?/ha, 22.00 m2?/ha, and
22.36 m2/ha, respectively, in the Acacia plantation, Millettia plantations, and Millettia
natural forests. The difference in density and basal area was not significant between
the forest stands identified (W = 0.90358, p-value = 0.3955 for density and W = 0.91981,
p-value = 0.504 for basal area). In addition, the dispersion of density and basal area values
for each stand studied shows high variability in density and the basal area within plots of
the same stand and from one stand to another in the study area (Figure 8a,b).
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Forest stands Forest stands

Figure 8. Density dispersion: (a) and basal area dispersion (b) of the forest stands studied. Legend.
P.A: Acacia’s Plantation, EP.Mil: Millettia’s Planted, FN.Mil: Millettia’s Natural Forest.

b. Diametric structure

Taking into account the variation in the density of individuals in relation to the
diameter classes in the forest formations studied, this density of individuals decreases as
the number of diameter classes increases, with a shift observed in classes two and four in
Millettia’s natural forest and Millettia’s planted forest, respectively (Figure 9).

400 +

300 - OP.A
250 B F.P.Mil

B F.N.Mil

Density (Nbr.Ind/ha)
N
o
(e]

[10-20] [20-30] [30-40] [40-50] [50-60] [60-70] [70-80] >80

Diameter Classes (cm)

Figure 9. Distribution of tree stem density by diameter class in the studied forest stands. Legend.
P.A: Acacia Plantation, FP.Mil: Millettia Planted forest, EN.Mil: Millettia Natural Forest.
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C. Biomass estimation

The estimated above-ground biomass varies from stand to stand. The estimated
average is 110.99 £ 13.55 t/ha in the Acacia plantation, 156.85 & 37.19 t/ha in the planted
Millettia forest, and 208.46 + 43.03 t/ha in the natural Millettia forest. The statistical analysis
shows a non-significant difference between the values of the different stands identified
(W =0.87792, p-value = 0.2597).

However, in each stand identified, some biomass values seem to deviate from the
average. This shows the variability of biomass within the same forest stand and between
the different stands studied in these peri-urban areas (Figure 10).

f=]
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@

Biomass (t/ha)
200
1

100
I

T T T
PA F.P.Mil F.N.Mil

- Forest stands
Figure 10. Dispersion of above-ground biomass in the studied forest stands. Legend. P.A: Acacia
Plantation; FP.Mil: Millettia Forest planted; FN.Mil: Millettia Natural Forest.
v Biomass distribution in the different plant strata of forest formations

The distribution of above-ground biomass in the different diameter classes shows
a variation. In the three forest formations studied, biomass decreases with increasing
diameter, except in Millettia forests, where classes 1, 2, and 3 do not respect this principle
(Figure 11).
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Figure 11. Biomass variation by diameter classes in the studied forest stands. Legend. P.A: Acacia
Plantation, FP.Mil: Millettia Forest planted, FN.Mil: Millettia Natural Forest.
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The distribution of biomass in the different plant strata shows a dominance of small-
diameter stems (Figure 12).

ASOO | @Small tree
£400 - mBig tree

P.A F.P.Mil F.N.Mil

Forest stands

500 -[E1Small tree 400 - £ Medium shaft
;,; 400 B Medium shaft E 300 -|MBig tree
Z 300 2 200 -
g 200 g
& E 100 -
a 100 _ 0 |
0 —= PA  FEPMil F.NMil

P.A F.P.Mil F.N.Mil
Forest stands

Forest stands

Figure 12. Biomass distribution in the strata of the studied forest stands. Legend. P.A: Acacia
Plantation, FEP.Mil: Millettia Planted Forest and EN.Mil: Millettia Natural Forest.

3.3. Correlation Studies

By taking into consideration the basal area, above-ground biomass, species rich-
ness, and density of forest stands, various correlations are identified. The correlation
varies according to the pair of parameters considered. The correlation between basal area
and species richness is positive and significant in natural Millettia forests (r* = 0.421 and
p =0.008). In contrast, there was no correlation in the Acacia plantations (Figure 13).
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Figure 13. Correlation between basal area and species richness of the studied forest stands.
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The correlation between biomass and species richness was positive but not significant
in natural Millettia forests (r> = 0.071 and p = 0.0339) and no correlation was found in Acacia
plantations (Figure 14).

250

AGB (t/ha)
150

o
w0 —e— Acacia plantation

—e— Millettia planted forest (r2=0.0011, p=0.772)
o —e— Millettia natural forest (r?=0.071, p=0.339)

I I I

| T
0 5 10 15 20
Species richness

Figure 14. Correlation between biomass and species richness of forest stands studied.

Furthermore, the correlation between biomass and density was positive and significant
in Acacia plantations (r? = 0.927 and p < 0.05) and in Millettia plantations (r? = 0.721 and
p = 0.002) (Figure 15).

——  Acacia plantation (r?=0.927, p=0.05)
—e— Millettia planted forest (r2=0.721, p=0.002)
_|—e— Millettia natural forest (r?=0.855, p=0.05)

AGB (t/ha)
150 250
|

50

T T ! I T T T

0 50 100 150 200 250 300 350
Density (Nbr.Ind/ha)

Figure 15. Correlation between biomass and density of studied forest stands.

Finally, the correlation between biomass and basal area was positive and significant
in Acacia plantations (r? = 0.809 and p < 0.05) and positive and low in Millettia plantations
(r2 =0.526 and p = 0.018) (Figure 16).
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Figure 16. Correlation between biomass and basal area of studied forest stands.

4. Discussions
4.1. Supply of Consumed Insects to the Province of Kinshasa and Hyper-Entomophagy in Kinshasa

This study has confirmed that a large number of insect species are edible in Kinshasa.
Studies [36-38] have cited numerous species of Termitidae (Isoptera), caterpillars of the
Lepidoptera families (mainly Attacidae and Notodontidae), and other families belonging
to the orders of insects consumed in DRC. For these authors, several species are consumed
in both rural and urban areas. This is consistent with the results obtained, which share a
similar geographical area and similar environmental conditions.

The Province of Kinshasa, the country’s main city, is supplied with food and other
forest products (wood and non-wood) by its peri-urban areas. As a result, the availability
of edible insects is more or less assured throughout the year (at least 10 months/year),
although in the respective provinces, the biomass and availability of insects can vary
significantly due to different climatic conditions [38]. According [37], to supply the Province
of Kinshasa, more than 95% of insect sellers in Kinshasa obtain their supplies mainly from
other stakeholders (wholesalers from the outlying provinces or producers in peri-urban
areas) due to different climatic conditions and plant species diversity. These results are in
line with those of [37,38], who also specify the commercial circuit in relation to this sector.
For this author, the Province of Kinshasa obtains a large proportion of its edible insects
from the provinces and a small proportion from the outskirts of Kinshasa.

4.2. Floristic and Structural Variability in Forest Stands

The present study shows a high specific and family diversity in the natural Millettia
stand compared to the Acacia and Millettia plantations. Many researchers have found higher
values in terms of species and families, respectively, in the forest stands of Isangi [13], in
the mainland forest of Mbiye Island in DR Congo [39], and in the Odzana National Park of
Brazzaville in Congo [40].

These differ in the results obtained. This difference in results would be due to the
difference in surface areas considered during the inventories, to the geographical position
of each study area (in relation to a conurbation), but also to the degrees and forms of
anthropogenic pressure exerted on the different stands compared. This confirms findings
made by [31] in the open forests in Togo (West Africa), showing that these types of stands
are subject to strong anthropization and deserve special attention.

The IVI of the present study shows a dominance of A. auriculiformis in the Acacia
plantation and M. laurentii in the Millettia stands, inducing a family dominance of Fabaceae
for all the formations under study. The abundance/dominance and frequency of A. auri-
culiformis and M. laurentii would be a key prerequisite for the production of Gonimbrasia
jamesoni and Cirina forda, respectively, in the plant formations under study. This condition
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would therefore require the establishment of plantations dominated by A. auriculiformis
and M. laurentii in order to maximize the production of these caterpillar species in the area.
In addition, this uniformity of the dominant family in all the formations would be due
to the dominance of two species (A. auriculiformis and M. laurentii, sometimes by human
choice), both belonging to the Fabaceae family. In DRC, in the forest of Isangi territory,
ref. [13] found a dominance of Fabaceae over Meliaceae, Malvaceae, and Euphorbiaceae. In
Ivory Coast, Nusbaumer showed that the dominant family in their study was Fabaceae.
On the other hand, in the ecosystems of the city of Lubumbashi (RDC), the data from forest
inventories carried out in the two ecosystems made it possible to identify 931 individuals,
including 610 in clear forest and 321 in wooded savannah, divided into 55 species belonging
to 23 families [41]. Generally, the species diversity of a forest formation varies with the area
and type of stand considered. On a local scale and in monodominant forests, this diversity
is lower than on a large scale and in heterogeneous or mixed forests. Forests that are richer
at the specific level are also richer at the family level [42]. Nevertheless, within the same
forest stand, ecological factors (edaphic, anthropogenic, and certain natural barriers) often
induce variability in the floristic composition. This is regularly noticeable along a transect
crossing, often contrasting edaphic environments.

For this study, the highest diversity was observed in the forest planted with Millettia
and the lowest in the Acacia plantation. This would be due to the fact that in the Acacia
plantation, there is only one stratum (absence of undergrowth), but also to the criterion
of the choice of individuals to be planted (anthropogenic force/plantation), hence the
dominance of A. auriculiformis. The high diversity in the planted forest would be due to
a highly diversified collection at the time of planting. Climate disturbance, windthrow,
and anthropic pressure in this formation would also be at the basis of this floristic richness
induced by the differentiation of the forest stands in the study. This result is supported by
that of [43], suggesting that this diversity is due to the ecological spectra.

According to ref. [42], the densities of trees of at least 10 cm dbh vary between 300
and 800 trees/ha in tropical forests. For the present study, the average density in different
stands is lower than the average and below those observed in the Guinean—Congolese
area [37]. The density averages obtained in plots of the same forest formation also vary. This
shows the variability of the density within the same formation and between the different
formations under study. This variation in density and basal area between plots of the same
formation and between plots of different formations would be mainly due to anthropogenic
pressures (cutting of wood, etc.), thus causing heterogeneity in the number of tree stands
and their basal areas, a reality similar to the settlements of Isangi [13] and of Kisangani in
DRC [44] and of Atakpamé in Togo [45].

The basal area average of individuals with dbh > 10 cm in the natural Millettia forest
is slightly higher than that of the planted Millettia forest and twice that of the Acacia
plantation. This strong difference to the Acacia plantation would be due to the presence
only of A. auriculiformis and A. magium, characterized by the absence of large trees of
dbh > 40 cm. The basal area of tree strata (dbh > 10-30 cm) in tropical forests is between
27 and 32 m?/ha [40,43,44]. It generally increases from lower strata to superior strata. In
the different formations studied, except for the Acacia plantation, the basal area of trees
with a dbh between 10 and 30 cm is relatively the same proportion as that of trees above
30 cm. This shows that the Millettia stands studied would recover well if they were not
disturbed by certain human activities (encroachment of seedlings, grazing by ruminants,
cutting of bald wood or lumber).

The diametric structure in our stands shows that small-diameter individuals are much
more numerous overall for all stands. These distributions are generally in the shape of an
“inverted ]J”, which is common in natural tropical forests [13], except for the forest planted
with Millettia, where the distribution of individuals is bell-shaped. The abundance of
medium-diameter stems (class 4) for the Millettia forest could be explained by the presence
of a more favorable ecological gradient for this stand.
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4.3. Basal Area-Specific Richness, Biomass-Specific Richness, Biomass Density, Biomass and Basal Area

Overall, the correlation between all parameters studied is positive in the natural forest
and zero in the Acacia plantation. This could be justified by the age difference between the
stands under study (Acacia plantation, Millettia forest planted, and Millettia natural forest)
and the influence of man on the establishment of the latter, but also by the proximity of
these stands to dwellings and the lake of respect for nature conservation standards and
principles, which do not favor their perfect evolution.

This result corroborates that of Mavunda, who found a positive correlation between
biomass and species richness, biomass and density, and biomass and basal area in Isangi
forest stands. Similar to the findings of [46], aboveground tree biomass is correlated with
basal area, but also root mean square diameter. This similarity between the results of the
present study and those of Torti and Fousséni is due to the similarity of the parameters
that were taken into account to establish the correlations. On the other hand, as shown by
Mavunda, the aboveground biomass of trees was strongly correlated with large-diameter
trees (DBH > 60 cm). Similarly, Lewis found that the relationship between tree dbh quantiles
and floristic groups clearly shows that large trees are highly significantly correlated with
floristic axes. The largest trees were strongly correlated with NSCA 2 (Non-symmetric
Correspondence Analysis), indicating a high number of largest-diameter trees in J. seretii-
dominated forests in the dominant stands of the Kisangani region. This contradiction
between the results of the present study and those of [47,48] would be due to the stage of
evolution of the forest formations in relation to the results (evolving versus mature forest or
climax), but also to the choice of location of the plots (a reference to the feet of trees versus
random location) and the position of these forest formations in relation to agglomerations
(peri-urban versus forest or rural zone).

In the formations studied, in particular the planted Millettia forest and the natural
Millettia forest, the biomass has relatively similar values, at 156.85 t/ha and 208.46 t/ha,
respectively. The biomass of the Acacia plantation, 110.99 t/ha, contrasts with that of
the Millettia formations, indicating strong human action in this stand. Apart from Acacia
plantations, these values are within the range of estimates from studies by [43] in a tropical
rainforest in Cameroon, which reported biomasses ranging from 126 to 250 t/ha, and
significantly lower than the values found by [13] in the Isangi forest in the DRC. This
significant difference is due to the allometric equations used in these studies but also to the
proximity to the distances separating these formations from the agglomerations (favoring
anthropogenic pressure on the forests). Indeed, the study by [41,42] uses the local equation
integrating diameter, height, and specific gravity with a diameter distribution between
1 and 71 cm, which could underestimate large trees. In the present study, the equation used
does not include height, which could also create overestimates.

5. Conclusions

This study, which focuses on “Peri-urban ecosystems in the province of Kinshasa
(DR Congo): diversity and structure of plant formations”, aims to assess the diversity and
structure of plant formations in the peri-urban ecosystems in the Province of Kinshasa. This
evaluation was preceded by a preliminary study of the preference for edible insects among
the population of Kinshasa. Thus, the most commonly consumed species are Gonimbrasia
jamesoni and Cirina forda. These insects come from the greater Bandundu, the greater Bas-
Congo, greater Equateur (19%), and Tshopo province (13%), with 8% originating exclusively
in the outskirts of Kinshasa and 2% from undetermined areas.

Three forest stands were identified: Acacia plantation, Millettia planted forest, and
natural Millettia forest. Floristically, the most important species according to the IVI are
A. auriculiformis in the Acacia plantations and M. laurentii in the Millettia planted forest and
the natural Millettia forest. The highest diversity is observed in the Millettia planted forest.
The highest average density and basal area are observed in the Millettia natural forest stand.
The diameter structures show overall good forest recovery in all of the stands. The average
above-ground biomass is higher in the natural Millettia forest. The correlation between the
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parameters is positive and higher in the Millettia natural forest for most of the cases of the
correlations established in each stand studied.

The results show that the Acacia plantation has a strong potential for high production
of G. jamesoni, depending on the availability of food (leaves of A. auriculiformis).

The high frequency/dominance of A. auriculiformis and M. laurentii in the peri-urban
ecosystems of Kinshasa would therefore provide optimal conditions (under natural condi-
tions) for good production of these two caterpillars’ species, which are the most
widely consumed.

The results of this study will enable managers and planners to achieve rational and
sustainable management of the various urban ecosystems.

Author Contributions: Conceptualization, C.A.M. and M.D.; methodology, C.A.M. and EF,; software,
M.K. and D.M.-e.B.; formal analysis, C.A.M., B.B. and ] K.M.; investigation, C.A.M.; data curation,
C.A.M.,; writing original draft preparation, C.A.M.; writing review and editing, C.A.M., D.M.-e.B.
and K.A. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the World Bank through the Regional Center of Sustainable
Cities in Africa (CERViDA-DOUNEDON), Funding number IDA 5360 TG.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Informed consent was obtained from all subjects.
Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank the World Bank and the University of Lomé
(UL) via the Regional Center of Excellence for Sustainable Cities in Africa (CERViDA-DOUNEDON)
for their financial contribution and scientific supervision.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Newman, P; Jennings, 1. Cities as Sustainable Ecosystems: Principles and Practices; Island Press: Washington, DC, USA, 2012.

2. Rakotondrasoa, O.L.; Ayral, A.; Stein, J.; Rajoelison, G.L.; Ponette, Q.; Malaisse, F.; Ramamonjisoa, B.S.; Raminosoa, N.; Verheggen,
FJ.; Poncelet, M.; et al. Analysis of Anthropogenic Factors of Degradation of Tapia Woods (Uapaca Bojeri) of Arivonimamo. In
Les Vers a Soie Malgaches. Enjeux Ecologiques et Socio-Economigues; Presses Agronomiques de Gembloux: Gembloux, Belgium, 2013.

3. Lambin, E.F; Geist, H.].; Lepers, E. Dynamics of land-use and land-cover change in tropical regions. Annu. Rev. Environ. Resour.
2003, 28, 205-241. [CrossRef]

4. Millenniuma Ssessment. 2005. Available online: http:/ /www.millenniumassessment.org/en (accessed on 15 October 2021).

5. Mehdi, L.; Weber, C.; Di Pietro, E; Selmi, W. Evolution of the place of plants in the city, from green space to green fabric. VertigO
2012, 12, 12670.

6. Frédéric, F; Sasson, A. (Eds.) Ecosystémes Forestiers Tropicaux d’Afrique; Recherches sur les Ressources Naturelles; ORSTOM: Paris,
France, 1983; Volume 19, p. 475, ISBN 92-3-202041-6.

7. Torti, S.D.; Coley, P.D.; Kursar, T.A. Causes and consequences of monodominance in tropical lowland forests. Am. Nat. 2001, 157,
141-153. [CrossRef]

8.  Mavunda, C.A.; Kanda, M,; Folega, F.; Egbelou, V.; Bosela, EB.; Drazo, N.A.; Yoka, ].; Dourma, M.; Akpagana, K. Spatio-temporal
dynamics of land cover changes under anthropogenic impact in the city of Kinshasa (DRC) from 2001 to 2021. Geo. Eco. Trop.
2022, 46, 137-148.

9.  Bolund, P; Hunhammar, S. Ecosystem services in urban areas. Ecol. Econ. 1999, 29, 293-301. [CrossRef]

10. Nagendra, H.; Gopal, D. Street trees in Bangalore: Density, diversity, composition and distribution. Urban For. Urban Greening
2010, 9, 129-137. [CrossRef]

11. Ortega—Alvarez, R.; MacGregor-Fors, I. What matters most? Relative effect of urban habitat traits and hazards on urban park
birds. Ornitol. Neotrop. 2010, 21, 519-533.

12.  Shackleton, S.; Chinyimba, A.; Hebinck, P.; Shackleton, C.; Kaoma, H. Multiple benefits and values of trees in urban landscapes in
two towns in northern South Africa. Landsc. Urban Plan. 2015, 136, 76-86. [CrossRef]

13. Mavunda, C.A.; Bosela, EB.; Djomo, A.; Mukiranya, ] K. Biodiversity and carbon stocks in the different forest stands of Isangi, DR
Congo. Int. |. Innov. Appl. Stud. 2019, 26, 1180-1192.

14. Mensah, ].T. Modelling demand for liquefied petroleum gas (LPG) in G hana: Current dynamics and forecast. OPEC Energy Rev.
2014, 38, 398-423. [CrossRef]

15. Etshekape, P.G.; Atangana, A.R.; Khasa, D.P. Tree planting in urban and peri-urban of Kinshasa: Survey of factors facilitating

agroforestry adoption. Urban For. Urban Green. 2018, 30, 12-23. [CrossRef]


https://doi.org/10.1146/annurev.energy.28.050302.105459
http://www.millenniumassessment.org/en
https://doi.org/10.1086/318629
https://doi.org/10.1016/S0921-8009(99)00013-0
https://doi.org/10.1016/j.ufug.2009.12.005
https://doi.org/10.1016/j.landurbplan.2014.12.004
https://doi.org/10.1111/opec.12032
https://doi.org/10.1016/j.ufug.2017.12.015

Sustainability 2023, 15, 11823 18 of 19

16.

17.

18.

19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Toit, M.].D,; Cilliers, S.S.; Dallimer, M.; Goddard, M.; Guenat, S.; Cornelius, S.F. Urban green infrastructure and ecosystem services
in sub-Saharan Africa. Landsc. Urban Plan. 2018, 180, 249-261. [CrossRef]

Sikuzani, Y.; Cabala, K.; Halleux, ].M.; Bogaert, J.; Munyemba, K. Characterization of the urban spatial growth of the city of
Lubumbashi (Haut-Katanga, DR Congo) between 1989 and 2014. Tropicultura 2018, 38, 98-108.

De Saint Moulin, L.; Kalombo, T. Atlas of the Administrative Organization of the Democratic Republic of Congo; Cepas: Tampa, FL,
USA, 2005.

Pourtier, R. Democratic Republic of Congo Facing the Demographic Challenge; Ifri: Paris, France, 2018.

Kinyamba, S.S.; Nsenda, EM.; Nonga, D.O.; Kaminar, T.M.; Mbalanda, W. Monograph of the City of Kinshasa; ICREDES: Kinshasa,
Congo, 2015.

Habari, M. Floristic, Phytogeographical and Phytosociological Study of the Vegetation of Kinshasa and the Middle Basins of the
N’djili and N’sele Rivers in DR Congo. Ph.D. Thesis, University of Kinshasa, Kinshasa, Democratic Republic of Congo, 2009.
Lebrun, J.-P.; Stork, A.L. Enumeration of Flowering Plants of Tropical Africa. 4 Gamopetals: Ericaceae to Lamiaceae; Conservatoire et
Jardin Botaniques de la Ville de Genéve: Geneva, Switzerland, 1997.

Letouzey, R. Phytogeographic Study of Cameroon; CSAI: Wallingford, UK, 1968.

Husson, F; Lé, S.; Pages, J. Analyse de Données Avec R; Presses Universitaires de Rennes: Rennes, France, 2016.

Legendre, P; Legendre, L. Numerical Ecology; Elsevier: Amsterdam, The Netherlands, 2012.

Curtis, J.T.; Mcintosh, R.P. The interrelations of certain analytic and synthetic phytosociological characters. Ecology 1950, 31,
434-455. [CrossRef]

Shannon, C.E. A mathematical theory of communication. Bell Syst. Tech. ]. 1948, 27, 379-423. [CrossRef]

Simpson, E. Measuring diversity. Nature 1949, 163, 688. [CrossRef]

Leigh, E.G.; de Lao, S.L. Fisher’s Alpha: Measuring Tree Diversity; Center for Tropical Forest Science: Copenhagen, Denmark, 2000;
pp- 7-12.

Magurran, A.E. Why Diversity? Ecological Diversity and Its Measurement; Springer: Dordrecht, The Netherlands, 1988.

Dourma, M.; Batawila, K.; Guelly, K.A.; Bellefontaine, R.; de Foucault, B.; Akpagana, K. The flora of open forests with Isoberlinia
spp. in the Sudanian zone in Togo Running title: Flora of open forests with Isoberlinia. Acta Bot. Gallica 2012, 159, 395-409.
[CrossRef]

Troupin, G. Methods for the Quantitative Study of Vegetation; JSTOR: New York, NY, USA, 1971.

Fayolle, A.; Ngomanda, A.; Mbasi, M.; Barbier, N.; Bocko, Y.; Boyemba, F.; Couteron, P.; Fonton, N.; Kamdem, N.; Katembo, J.;
et al. A regional allometry for the Congo basin forests based on the largest ever destructive sampling. For. Ecol. Manag. 2018, 430,
228-240. [CrossRef]

Chave, J.; Andalo, C.; Brown, S.; Cairns, M.A.; Chambers, ].Q.; Eamus, D.; Folster, H.; Fromard, F.; Higuchi, N.; Kira, T.; et al. Tree
allometry and improved estimation of carbon stocks and balance in tropical forests. Oecologia 2005, 145, 87-99. [CrossRef]

Slik, J.E,; Arroyo-Rodriguez, V.; Aiba, S.I.; Alvarez-Loayza, P.; Alves, L.F,; Ashton, P; Balvanera, P; Bastian, M.L.; Bellingham,
PJ.; Van Den Berg, E.; et al. An estimate of the number of tropical tree species. Proc. Natl. Acad. Sci. USA 2015, 112, 7472-7477.
[CrossRef]

Malaisse, F. Human consumption of Lepidoptera, termites, Orthoptera, and ants in Africa. In Ecological Implications of Minilivestock:
Potential of Insects, Rodents, Frogs and Snails; Routledge: London, UK, 2005; pp. 175-230.

Nsevolo, PM. Contribution to the Study of Entomophagy in Kinshasa. Master’s Thesis, Académie Universitaire Louvain, Louvain,
Belgium, 2012.

Kelemu, S.; Niassy, S.; Torto, B.; Fiaboe, K.; Affognon, H.; Tonnang, H.; Maniania, N.K,; Ekesi, S. African edible insects for food
and feed: Inventory, diversity, commonalities and contribution to food security. J. Insects Food Feed 2015, 1, 103-119. [CrossRef]
Nshimba, S. Floristic, Ecological and Phytosociological Study of the Forests of Mbiyé Island in Kisangani, RD Congo.
Ph.D. Thesis, Faculty of Sciences Free University of Brussels, Brussels, Belgium, 2008.

Kouka, L.A. Research on the flora, structure and dynamics of forests in Odzala National Park. Acta Bot. Gallica 2002, 149, 225-235.
[CrossRef]

Sikuzani, Y.U.; Boisson, S.; Cabala Kaleba, S.; Nkuku Khonde, C.; Malaisse, F.; Halleux, ].M.; Bogaert, J.; Munyemba Kankumbi,
F. Dynamique de l'occupation du sol autour des sites miniers le long du gradient urbain-rural de la ville de Lubumbashi, RD
Congo, Biotechnol. Agron. Société Environ. Biotechnol. Agron. Société Environ. 2020, 24, 14-27.

Condit, R.; Ashton, P.S.; Baker, P.; Bunyavejchewin, S.; Gunatilleke, S.; Gunatilleke, N.; Hubbell, S.P.; Foster, R.B.; Itoh, A;
LaFrankie, J.V.; et al. Spatial patterns in the distribution of tropical tree species. Sciernce 2000, 288, 1414-1418. [CrossRef] [PubMed]
Nkura, X.M.; Ayingweu, C.L.; Katula, H.B. Floristic and phytogeographical analysis of the ecosystems of Kimpolo I and its
surroundings in Kinshasa (Democratic Republic of Congo). Int. |. Innov. Appl. Stud. 2018, 23, 355-364.

Dede, Y.N. Inventory of the Urban Flora of Kisangani (PO/DR Congo); Universite de Kisangani: Kisangani, Democratic Republic of
Congo, 2014.

Folega, F. Urban forestry and atmospheric carbon sequestration potential in the urban and peri-urban area of Kpalimé (Togo).
Rev. Sci. Environ. Univ. Lomé Togo. 2017, 14, 7-28.

Lewis, S.L.; Sonké, B.; Sunderland, T.; Begne, S.K.; Lopez-Gonzalez, G.; Van Der Heijden, G.M.; Phillips, O.L.; Affum-Baffoe, K,;
Baker, T.R,; Banin, L.; et al. Above-ground biomass and structure of 260 African tropical forests. Philos. Trans. R. Soc. B Biol. Sci.
2013, 368, 20120295. [CrossRef]


https://doi.org/10.1016/j.landurbplan.2018.06.001
https://doi.org/10.2307/1931497
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1038/163688a0
https://doi.org/10.1080/12538078.2012.737118
https://doi.org/10.1016/j.foreco.2018.07.030
https://doi.org/10.1007/s00442-005-0100-x
https://doi.org/10.1073/pnas.1423147112
https://doi.org/10.3920/JIFF2014.0016
https://doi.org/10.1080/12538078.2002.10515956
https://doi.org/10.1126/science.288.5470.1414
https://www.ncbi.nlm.nih.gov/pubmed/10827950
https://doi.org/10.1098/rstb.2012.0295

Sustainability 2023, 15, 11823 19 of 19

47. Katembo, ].M.; Libalah, M.B.; Boyemba, F.B.; Dauby, G.; Barbier, N. Multiple stable dominance states in the Congo Basin forests.
Forests 2020, 11, 553. [CrossRef]

48. Bastin, J.-F; Barbier, N.; Réjou-Méchain, M.; Fayolle, A.; Gourlet-Fleury, S.; Maniatis, D.; De Haulleville, T.; Baya, F.; Beeckman,
H.; Beina, D.; et al. Seeing Central African forests through their largest trees. Sci. Rep. 2015, 5, 13156. [CrossRef]

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/10.3390/f11050553
https://doi.org/10.1038/srep13156

	Introduction 
	Material and Methods 
	Presentation of the Study Framework 
	Site Sampling and Data Collection 

	Results 
	Entomophagic Assessment in Kinshasa 
	Structure of Forest Stands 
	Typology of Identified Forest Stands 
	Floristic Report 
	Structural Characteristics of Forest Stands Identified 

	Correlation Studies 

	Discussions 
	Supply of Consumed Insects to the Province of Kinshasa and Hyper-Entomophagy in Kinshasa 
	Floristic and Structural Variability in Forest Stands 
	Basal Area-Specific Richness, Biomass-Specific Richness, Biomass Density, Biomass and Basal Area 

	Conclusions 
	References

