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Abstract: The study of the floristic diversity of street trees and the concerns of the population is conducted in Brazzaville. The 
theme is oriented on the place and the interest of the trees of alignment in the urban development. The methodology is based on 
the systematic counting of woody trees with a diameter at breast height (dbh) ≥ 10 cm, of 32 arteries selected according to the 
number of trees in the line and the degree of urban development. The concern of the populations is informed via a questionnaire 
whose informants are selected following a non-probability sampling for convenience. The floristic inventory lists 1867 woody 
trees organized into 42 species, 32 genera and 16 families. The allochthonous portion dominates a flora with senescent 
individuals (Terminalia mantaly, Millettia laurentii, Pithecellobium dulce, Albizia lebbeck) and of dbh ≥ 70 cm. Despite a 
dominance of Fabaceae and Combretaceae, the biodiversity indices reveal a low degree of diversification whose equitability of 
taxa supports floristic similarity between boroughs. In terms of concerns, while there is unanimity about the ecosystem goods and 
services derived from avenue trees, the choice of taxa reveals divergences correlated with socio-professional categories. Finally, 
the poor practice of street trees in urban development gives a negative opinion of this stand with regard to the disservices caused 
to roads and structures. The roles and functions of the tree being recognized by all, the increase of the woody cover based on local 
species is desired in order to serve as a reservoir of biodiversity and fulfill the educational action, while underpinning the 
satisfaction of the daily needs of the populations. 

Keywords: Avenue Trees, Urban Development, Phytodiversity, Ecosystem Services, Disservices, Biodiversity Index, 
Brazzaville (Congo) 

 

1. Introduction 

In Africa, the management and development of cities very 
often escape the control of political decision-makers, which has 
worrying repercussions at the socio-ecological level [1]. Urban 
cities face major challenges in terms of resilience (sustainable 
development and improvement of the quality of life of citizens), 
which involves guaranteeing the balance of ecosystems while 
remaining engines of economic development [2-4]. In urban 
areas, and everywhere else, the contribution of trees is 
multiform and is expressed in terms of ecosystem services 
[5-13]. These services cover several fields such as the guarantee 

of air quality, carbon sequestration, retention of dust and other 
impurities, climate regulation, the well-being of populations, 
the source of food, energy and therapy, mitigation of urban heat 
islands. From these achievements, the tree provides 
socio-economic and environmental functions that are gathered 
under the term ecosystem services [14-20]. 

In the Congo and particularly in Brazzaville, the 
demographic explosion of the last decades has induced an 
exceptional and uncontrolled urbanization. This evolutionary 
dynamic is leading to the regression of urban vegetation cover. 
In fact, although the development of the city during the 
accelerated municipalization process has provided it with 
physical communication and road infrastructures, this has 
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often been done at the expense of avenue trees and green 
spaces [21, 22]. Direct disservices to natural ecosystems 
continues to encroach on the area of urban trees, which are 
reduced to non-functional spaces that are constantly 
deteriorating [23]. Notwithstanding the fact that the tree is a 
formidable natural element of adaptation to climate change 
and other urban environmental issues, its dimension is poorly 
perceived in the development policies of Resilient Cities [12, 
24]. Without wishing to remind it, the tree generates direct 
benefits to riparian populations through provisioning services, 
and indirect ones via regulatory and cultural services whose 
scope goes far beyond its life range [25-31]. 

In a context marked by the problems of climate change and 
sustainable development coupled with the impoverishment of 
society and the occupation of urban space, the social demand 
for trees is an ideal response to improve the quality of life in 
resilient cities [32-37]. Since the 19th century, the tree has 
become an essential element in urban planning around which 
concepts such as vegetal urbanism and urban hygiene and 
even urban ecology have been conceived [6, 7, 19, 38, 39]. 
Thus, there is a particular focus on ecosystem services and 
safeguarding biodiversity in urban environments [36, 40-43]. 

In Brazzaville, the majority of avenue trees are exotic and 
senescent. Established to provide ecological and landscape 
functions, avenue trees provide raw materials for handicrafts, 
herbal medicine and the socioeconomic base of the 
populations [44]. However, the level of senescence of trees is 
such that their role in mitigating the effects of climate change, 

including the ability to sequester more Carbon is low, 
notwithstanding other ecosystem services. By ensuring more 
than partially the expected ecological functions, city managers 
and populations are called to develop sustainable and binding 
policies for a resilient and attractive environment [22, 32-35, 
45]. In a globalized world, the issue of sustainable 
development is inviting itself at all institutional levels, for a 
resilient and attractive environment. As a result, the place of 
the tree and particularly in urban areas is a cardinal element in 
the design of development policies. 

Spatial planning in the context of urban resilience and the 
well-being of city dwellers is a major concern of 
municipalities. Its foundation is the improvement of 
knowledge on the perception of trees by the population and 
their place in urban planning. Specifically, the study evaluates 
the perception of residents and users on the social-ecological 
functions of street trees and assesses the impacts on roadways. 

2. Material and Method 

2.1. Presentation of the Study Environment 

Brazzaville, the political and administrative capital of the 
Republic of Congo, lies between 15.2061 - 15.3175 S, - 
4.2183 - 4.2992 E (Figure 1). The surface area of Brazzaville 
is about 32640 hectares (or 32640 km²) of which 1/4 covers a 
formerly marshy plain and 3/4 of the plateaus and hills, whose 
altitude barely reaches 300 m [46]. 

 

Figure 1. Geographic location of the study site. 
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The climate is AW3 [47-52] characterized by: a cool dry 
season from June to September; a wet and warm rainy season 
from October to May, with a pronounced slowdown in 
January and February [53, 54]. Annual rainfall is about 1400 
mm and the average annual temperature is about 25°C with a 
small thermal amplitude that does not exceed 5-6°C [53, 54]. 
Heat peaks are observed in the months of March, April and 
November. Relative humidity is above 70%. An absolute 
minimum is noted in August and September, a relative 
minimum in February and March. The minima vary from 50 to 
60%, while the maxima are above 80% [46, 55]. 

2.2. Vegetation and Flora of Brazzaville 

The Brazzaville region belongs to the Léfini natural region 
corresponding to the Léfini phytogeographic district [56]. The 
urban area of Brazzaville currently includes two forest islands 
resulting from the degradation of the Patte d'Oie forest. 
Originally, Brazzaville and its surroundings were covered by 
forests and savannahs characterized by a Trachypogon 

thollonii and Annona senegalensis group with two subgroups: 
Hyparrhenia diplandra and Bridelia ferruginea characterize 
the clay soils; Loudetia demeusii and Hymenocardia acida the 
sandy soils [55]. Forests develop on the plateaus in the form of 
groves of very small area and often of anthropogenic origin. 
The degraded and secondarized mesophilic forests occupy 
about 5% of the surface. This forest type is also found in the 
hilly areas bordering the city, where gallery forests dominate 
[55]. 

The urban forest ecosystem is centered on riparian forests 
and mesophilic and tropophilic patches resulting from the 
degradation of the Patte d'Oie forest [56-59]. In addition to 
these natural facies, there are artificial woody formations, 
mainly of Corymbia sp. and Pinus caribaea, to which are 
added: 

1) Linear trees, planted in a linear and regular manner along 
arterial roads, mainly Acacia mangium, Terminalia 

superba, Terminalia mantaly, Terminalia catappa, 

Mangifera indica, Millettia laurentii, Peltophorum 

pterocarpum; 
2) Yard trees, especially fruit trees, which occupy the 

empty space next to the buildings: Mangifera indica, 

Persea americana, Dacryodes edulis, Carica papaya, 

Ficus carica, Cocos nucifera, Trilepisium 

madagascariense, Elaeis guineensis, Spondias dulcis, 

Hura crepitans, Gardenia ternifolia; 
3) Fence trees that form living hedges limiting private 

concessions: Dracaena fragrans, Newbouldia laevis, 

Quisqualis indica, Clerodendron inerme. 
4) Garden trees (landscaped area planted with trees and 

shrubs) which are: Senna siamea, Millettia sp., 

Corymbia sp., Pinus caribaea, Lagerstroemia speciosa, 

Terminalia catappa, Hura crepitans, Albizia lebbeck. 

2.3. Material 

The material consists of arboreal woody trees of "diameter 

at breast height (dbh) ≥ 10 cm" present along the arteries for 
the phytodiversity study. Identification of trees and shrubs is 
done in situ for common species and ex situ at the National 
Herbarium (IEC) for the others. The nomenclature adopted is 
that of Lebrun and Stork [60] and the taxonomic order results 
from APG IV [61]. 

Arterial discrimination is based on the number of trees, at 
least ten aligned individuals of dbh ≥ 10 cm in a 700-meter 
stretch, roadway and/or structure development. To these very 
flexible selection criteria, only 32 arteries in four districts 
(Makélékélé, Bacongo, Poto-poto and Moungali) out of nine 
met the challenge. It is interesting to note that the selected 
arteries are distributed in the four oldest districts of the city. 

2.4. Study Methodology 

The literature review made it possible to assess the state of 
knowledge on topics related to urban and peri-urban forestry 
in general, and urban arboriculture in Brazzaville in particular. 
Finally, to refine the development of data collection tools, 
including survey sheets and interview guides. 

2.4.1. Collection of Phytodiversity Data 

Systematic enumeration of all alignment trees of dbh ≥ 10 
cm in the 32 selected arteries and collection of dendrometric 
data (dbh, height). Other parameters monitored are the vital 
space reserved for the tree during development, the spacings 
separating (i) roadways and alignment trees, and (ii) 
disservices caused to infrastructure are recorded. Finally, the 
opinions of residents and users were collected using an 
open-ended questionnaire. 

2.4.2. Group of Informants 

A non-random sampling is used for the selection of 
informants. The survey is of interest to users, residents along 
the arterial roads, and people working along the wooded 
arterial roads. In addition, the interviews are of interest to 
resource persons involved in the management of urban trees. 
The focus was on their approach or vision of the current state 
and prospects of urban forestry. Taking gender into account, 
informants should be at least 15 years old. 

2.5. Data Processing and Analysis 

2.5.1. Biodiversity Parameters 

The analysis of qualitative floristic diversity was based on 
inventory data, without incorporating epiphytes, parasites and 
hemiparasites present on the said phorophytes. These taxa 
include orchids, pteridophytes, loranthus, lichens, bryophytes 
and fungi. 

Ecological Spectra 

1) The gross spectrum 

The gross spectrum (BS) is the frequency of scoring of 
plants belonging to different types. 

SB (%) = (Number of species per family)/(Total number of 
species) x 100 

2) The weighted spectrum 
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The weighted spectrum (WS) focuses on the floristic 
biodiversity of each taxon (family). This index allows us to 
know the degree of coverage of each taxon. 

SP (%) = (Number of individuals of species or family)/(Total 
number of individuals of species or family) x 100 

2.5.2. Biodiversity Indices 

Species diversity is an essential ecological dimension that 
can be assessed by: 

1) Effective species richness or absolute diversity (N) 

Species richness is the total number of species in a sample 

N = eH 

2) Jaccard's similarity coefficients 

Jaccard's similarity coefficient, the most commonly used in 
ecology, gives the same information value to the presence and 
absence of species. 

Jaccard: S (%) = (C/(A+B)-C) x 100 

Where A = number of species present in the first station, B 
= number of species present in the second station and C = 
number of species common to both stations. 

3) Shannon Index 

The Shannon index expresses diversity by taking into 
account the number of species and the abundance of 
individuals within each species. 

H’= - ∑ ����(��)�
	
�  

4) Maximum diversity index 

The maximum floristic diversity provides information on 
the degree of diversity that a phytocenosis in the case of a 
homogeneous distribution of the constituent individuals of the 
flora. 

H'max = Ln (S) 

With S = total of the species. 
5) Pielou's equitability index 

Pielou's equitability index or regularity index is the ratio of 
Shannon's diversity index to the theoretical maximum 
diversity index in the stand [57, 58]. 

Eq. = H'/H'max 

6) Alpha-Fisher diversity index 

The Alpha-Fisher diversity index is insensitive to sampling 
effort. The Alpha-Fisher diversity index only requires 
knowledge of the total number of individuals in a plant 
community and the corresponding number of species. 

S = αln(1+�/
) 

Where "S" is the species richness and "N" is the number of 
individuals. 

7) Gehu and Gehu's rarefaction index 

Ri ꞊ [1 - (ni/N)] x 100 

Where "ni" represents the number of arteries where the 

species is encountered; "N" represents the total number of 
arteries inventoried. 

Species with a rarefaction index of less than 80% are 
considered very frequent and abundant in the selected arteries, 
while those with a rarefaction index of more than 80% are 
considered rare, vulnerable and endangered in the locality. 

8) Absolute frequency 

Frequency = (Number of arteries where the taxon is 
present)/(Total number of arteries) X 100 

9) Relative frequency 

Relative frequency = (Frequency of taxon)/(Σ frequencies of 
taxa)× 100 

2.5.3. Structural Parameters 

Diametric structure 

Diameter structure indicates the number of stems 
inventoried by diameter class. The persistence of a species in 
the forest community depends largely on its representation in 
the different diameter classes [62]. 

3. Results 

3.1. Phytodiversity Data 

The inventory of the woody flora of the 32 sections of 
arteries in the city of Brazzaville reveals 1867 individuals of 
dbh ≥ 10 cm corresponding to 15 families, 31 genera and 42 
species (Table 2). The specific contribution singled out 
Fabaceae (30.95%), Arecaeae and Moraceae, with 11.90% of 
the taxa (Figure 2A). However, the best floristic contributions, 
at least 100 individuals, highlight the Combretaceae (39.37%), 
Fabaceae (34.35%), Arecaceae (9.05%) and Myrtaceae 
(5.73%) (Figure 2B). The analysis of the floristic composition 
shows ratios of 1/3 local species and 2/3 non-native species. 
The coverage of avenue trees, although evident, differs from 
one district to another. These differences would explain the 
level of development that each district benefits from. Apart 
from Moungali, which cannot be compared to the other three, 
the differences in the number of individuals are on average 
twice as great. However, the analysis of specific diversity 
reveals very marked differences between the districts (Table 
3). 

3.2. Diameter Structure of Stands 

Within the stands of Brazzaville, the diametric structure of 
the woody plants shows significant variations in the number of 
individuals according to the diameter classes. Diameter 
classes 2 and 3 are better represented in the arteries studied 
(Figure 3). The overall distribution shows an irregular (erratic) 
decreasing trend. The evolution of individuals from small to 
large diameter classes is irregular. The artificial feature of the 
system could explain this observation, which is under 
anthropic control. This observation suggests more than one 
source of explanation, notably the lack of maintenance of 
avenue trees, anthropic mutilations that cause standing dead 
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and malformed trunks. 

  

Legend: brut (A) and Weighted (B) 

Figure 2. Floristic spectrum of street trees in Brazzaville. 

 

Figure 3. Evolution of the diametric structure of avenue woody plants. 

3.3. Biodiversity Index Data 

3.3.1. Coefficient of Similarity 

Jaccard's similarity coefficient reveals a very low degree of 
homogeneity in the floristic composition of Brazzaville's 
arteries (Table 1). This index indicates a clearly different 
floristic composition between (i) the arteries and (ii) the 
districts. Except for Poto-Poto and Bacongo where the 
similarity coefficient is at least 59%, all other rates oscillate in 
the range of 16 to 41%. Moungali is the district that stands out 
the most from the others. 

3.3.2. Rarefaction Index of Géhu and Géhu 

The rarefaction index reveals 15 species (36.58%) 

frequently present in the inventoried arteries (Figure 4). 
However, 27 species have a high rarity index, placing them in 
the classes of rare or very rare taxa. These taxa, which 
constitute the majority of the inventory (63.41%), would be 
qualified as vulnerable or threatened with extinction (Figure 
5). This data should be qualified, however, for taxa of recent 
or accidental introduction in alignment. This non-exhaustive 
cohort is composed of Polyalthia longiflora, Cananga 

odorata, Pentaclethra macrophylla, Manilkara zapota, 

Ricinodendron heudelotii. Finally, the decline of the taxa 
known for a long time as street trees would be attributable to a 
deficiency of maintenance. The plausibility of the event would 
be the anthropic character that affects almost all the ecological 
parameters of this stand. 
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Figure 4. Common species in street rows. 

 

Figure 5. Synopsis of rare taxa found in alignment. 

3.3.3. Indices of Biological Diversity 

The indices of biological diversity reveal a very low degree of diversification in general and varying from one district to 
another (Table 2). The subtlety of floristic homogeneity is thought to be the source of the insidious trend of underlying 
gregariousness in Makélékélé and Moungali. 

Table 1. Overview of biodiversity index data. 

Indexes Bacongo Makélékélé Moungali Poto-poto Mean 

Shannon (H’) 2.85 1.36 1.35 2.63 2.05 ± 0.40 

H’max 6 6.18 4.44 6.79 5.85 ± 0.50 

Equitability (J) 0.81 0.5 0.69 0.76 0.69 ± 0.07 

Alpha-Fisher 8.50 2.93 1.81 6.49 4.93 ± 1.55 

Absolute diversity 17.29 3.9 3.86 13.87 9.73 ± 3.45 
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Table 2. Floristic richness and distribution of woody plants. 

Taxa Bacongo Makélékélé Moungali Poto-poto Total 

Anacardiaceae 7 8 - 61 76 
Mangifera indica L.* 5 8 - 61 74 
Spondias mombin L.* 2 - - - 2 
Annonaceae - - - 48 48 
Cananga odorata (Lam.) Hook F. & Thomson* - - - 44 44 
Polyalthia longifolia (Sonn.) Thwaites* - - - 5 5 
Arecaceae 31 3 37 98 169 
Borassus aethiopum Mart. - - 1 5 6 
Cocos nucifera L.* 6 - - 43 49 
Elaeis guineensis Jacq. 8 3 - 32 43 
Phoenix sp. 3 - 1 - 4 
Roystonea regia (Kunth) O. F. Cook* 14 - 35 18 67 
Combretaceae 92 333 18 292 735 
Terminalia catappa L.* 5 9 - 34 48 
Terminalia mantaly H. Perrier* 75 324 17 257 673 
Terminalia superba Engl. & Diels 12 - 1 1 14 
Euphorbiaceae 9 4 - 1 14 
Euphorbia tirucalli L. 9 4 - - 13 
Ricinodendron heudelotii (Baill.) Pierre ex Heckel - - - 1 1 
Fabaceae 203 128 30 285 647 
Acacia auriculiformis A. Cunn. ex Benth.* 17 12 - 25 54 
Acacia floribunda (Vent.) Willd.* 21 - - - 21 
Acacia mangium Willd.* 8 14 - 3 25 
Albizia lebbeck (L.) Benth.* 12 20 4 68 104 
Delonix regia (Bojer) Rafin* 5 4  7 16 
Millettia laurentii De Wild. 59 34 26 66 185 
Millettia mannii Baker 5 3  - 8 
Pentaclethra macrophylla Benth. 1 - - - 1 
Peltophorum pterocarpum (DC.) Backer ex K. Heyne* 15 - - 63 78 
Pithecellobium dulce (Roxb.) Benth.* 57 41 - 26 124 
Senna siamea (DC.) Irwin & Barneby* 3 - - 26 29 
Tamarindus indica L.* - - - 1 1 
Lauraceae 1 2 - 3 6 
Persea americana Mill.* 1 2 - 3 6 
Malvaceae 3 - - 2 5 
Ceiba pentandra (L.) Gaertn.* 1 - - 2 3 
Sterculia sp.* 2 - - - 2 
Moraceae 14 1 - 12 27 
Ficus benghalensis L.* 7 - - 5 12 
Ficus elastica Roxb. ex Hornem.* 5 - - 2 7 
Ficus exasperata Vahl 2 - - 4 6 
Ficus polita Vahl - - - 1 1 
Ficus septica Burm.f. - 1 - - 1 
Myrtaceae 26 5 - 76 107 
Corymbia sp.* 22 5  32 59 
Corymbia torelliana (F. Muell.) K. D. Hill & L. A. S. Johnson* 4 - - 44 48 
Peraceae 1 - - - 1 
Chaetocarpus africanus Pax 1 - - - 1 
Pinaceae 5 - - 12 17 
Pinus caribaea Morelet* 5 - - 12 17 
Sapotaceae 3 - - - 3 
Manilkara sp. 3 - - - 3 
Strelitziaceae 4 - - 2 6 
Ravenala madagascariensis Sonn.* 4 - - 2 6 
Verbenaceae 6 - - - 6 
Tectona grandis L. F.* 6 - - - 6 
Total 405 484 85 893 1867 

(*) Naturalized and non-native taxa 

3.4. Tree Perception Data 

3.4.1. Informant Group 

The group of informants consisted of 231 people of all genders. In addition to gender, the survey took into account age, marital 
status, socio-professional qualification and level of education (Table 3). The heterogeneity of the composition of the group of 
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informants is a fundamental asset for a good coverage of the study area. 

Table 3. Profile of the informant group. 

Characteristics 
 

Number of citations Frequency of citation (%) 

Genre 
Men 125 54.11 

Women 106 45.89 

Age groups 

15 - 25 years old 20 8.66 

25 - 35 years old 57 24.68 

35 - 45 years old 74 32.03 

Over 45 years old 80 34.63 

Marital status 

Single 128 55.41 

Married 86 37.23 

Widowed 4 1.73 

Divorced 20 8.66 

Qualification 

Retired 5 2.16 

Unemployed 12 5.19 

Worker 4 1.73 

Farmer 5 2.16 

Shopkeeper 42 18.18 

Craftsman 7 3.03 

Trainee 30 12.99 

Civil servant 74 32.03 

Employee 54 23.38 

Level of education 

Primary 8 3.46 

Secondary 71 30.74 

Higher 141 61.04 

Unschooled 11 4.76 

 

3.4.2. Perception of Avenue Trees and Society 

The duality between the perception of the avenue tree and 
society puts more emphasis on regulatory services in general 
(Table 4). A closer look at the survey data reveals that 
society's perception of the avenue tree is a function of the 
informant's social position. Indeed, the appreciation of each 
individual is most often dependent on the expected benefits. 
This finding is due to two main reasons: the majority of the 
cohort is non-fruit bearing and dominated by non-native taxa. 
In terms of the frequency of quotations and without 
distinguishing between levels of education, the involvement 
of men is very clear, with rates of over 50% of informants. 

In addition, the level of knowledge of the environmental role 
of lineage trees evolves in proportion to the level of education 
(from primary to secondary to higher education). The level of 
education would allow us to sort out and refine the subtlety of 
the informants' real perception of ecosystem services and 
disservices. These functions interest more than 40% of the 
respondents and cover more than one ecosystem service. 
Among the informants, 61.50% admit the impact of street trees 
on the urban microclimate. However, the other functions have 
low frequencies of quotations ranging from 0.83 to 5.09% for a 
male participation oscillating from 42.86 to 70.59% and a 
female participation ranging from 29.41 to 57.14%. 

Table 4. Perception of ecosystem services by gender. 

Perception Ecosystem services Frequency of citations (%) Men (%) Women (%) 

Overall 

shading 11.06 56.50 43.50 
air quality 8.74 54.43 45.57 
power supply 6.97 57.94 42.06 
aesthetics 6.80 53.66 46.34 
air pollution control (retention of dust, ashes, and other substances) 6.47 55.56 44.44 
erosion 6.03 56.88 43.12 
windbreak 5.81 60.00 40.00 

Level of education 

recreational area 5.09 58.70 41.30 
raw material for crafts 4.37 58.23 41.77 
source of inspiration 4.31 60.26 39.74 
open-air workshop for small crafts 4.09 62.16 37.94 
rainwater interception 3.21 62.07 37.93 
air pollution control 3.01 66.07 33.93 
urban eco-tourism 2.93 64.15 35.85 
noise reduction 1.94 42.86 57.14 
therapeutic source 1.88 70.59 29.41 
psychological effects 1.11 60.00 40.00 
water infiltration 0.83 66.67 33.33 
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3.4.3. Perception of the Vegetation Cover and Floristic 

Composition 

The assessment of the evolution of the vegetation cover 
makes it possible to evaluate the efforts made in recent years 
in the fight against global climate change through the planting 
of trees. The data collected are very mixed and reflect the 
perception of the population from one neighborhood to 
another. The perception of the population depends on social 
categories (socio-professional, marital status and level of 
education). A detailed analysis of the data collected, according 
to gender, reveals a strong involvement of women in 
environmental issues (Figure 6). This female participation is 
associated with the impoverishment of the society, whose 
members' energy and financial needs are dependent on the 
ecosystem services, particularly the supply of trees. The study 
shows that 22.52% of the informants affirmed the regression 
of the number of trees in the forest. On the other hand, 4.35% 
consider the paving of arteries to be sufficient. 15.36% of the 
respondents speculate on the senescence of the trees of 
alignment; while a minor fringe of 3.77% find them juvenile. 
According to the needs and social situation of the informants, 
the dreamed floristic composition reflects more than one 
expectation. In fact, 8.12% want ornamental trees to be 
introduced in an alignment; 7.34% prefer fruit trees; 2.42% 

advocate medicinal plants; and finally, 5.89% of respondents 
advocate shade-providing plants. From the different opinions, 
the general result reveals a mixed appreciation of street trees. 
While recognizing the place of avenue trees in urban planning, 
expectations are diverse and guided by interests related to 
individual satisfaction, hence the difficult choice of the 
appropriate taxon. 

A consensus emerged among the group of informants on the 
future of avenue trees. The unifying parameters are monitoring, 
maintenance, replacement and increasing the vegetation cover. 
About 48.60% of the respondents advocate the replacement of 
senescent flora by juvenile subjects; 47.90% advise to maintain 
and care for the existing. Finally, in view of the disservices on 
structures and roads, a minority of respondents (2.57%) 
suggested razing everything and replanting it, respecting the 
minimum requirements for trees in line. Thus, 7.34% of the 
informants express the wish to privilege local flora. 
Notwithstanding the danger and disservices caused to roads, 
people and their property, which accentuate a negative 
perception of street trees, the actors agree on the cardinal values 
of urban arboriculture. Among other values, let's list the 
conservation and the valorization of the local flora, the taking 
into account of the ecosystem services, notably of regulation. 

 

Figure 6. Perception of alignment plants by gender. 

3.4.4. Benefits Resulting from the Exploitation of Avenue 

Trees 

Linear trees are the basis of a pecuniary and artisanal 
activity, supporting it directly or indirectly (Figure 7). 
Following a decreasing order of frequency of quotation of 
activities, 11.53% of respondents authenticate an exploitation 
for artisanal purposes. The manufacture of benches was cited 

by 6.15% of respondents; 10.70% found a source of wood 
energy; 9.82% collected bark for various reasons and 
specifically 7.45% used it as a basis for traditional 
pharmacopoeia. Finally, for the same reason related to the 
satisfaction of health care, 8.93% exploit the roots of the said 
trees; in an exceptional way, 5.62% cite the food use of taxa 
such as Mangifera indica, Persea americana, Tamarindus 
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indica, Elaeis guineensis, Cocos nucifera, Spondias mombim. 
Concomitantly to the exploitation of the different organs and 
notwithstanding the motive, 90.48% of the respondents certify 
that the avenue trees contribute to the formation of the 
families' income. Avenue trees are providers of ecosystem 
goods and services. In addition to the provisioning services 
that anyone can claim, the interest of the craft overrides any 
value by sequestering carbon for a very long time. Thus, 
through these mechanisms, the City integrates the notion of 
fighting against the effects of climate change. 

 

Figure 7. Value added by the population from alignment plants. 

In addition to the tangible aspects, the informants 
emphasized the intangible benefits that affect the daily lives of 
local residents. At 15.86%, shading was cited as a way to 
reduce air conditioning costs. On the other hand, 13.9% of 
respondents emphasize that trees contribute to the reduction of 
costs induced by runoff. Finally, the increase in real estate 
value is noted by 12.64% of informants. 

3.4.5. Street Trees and Spatial Planning 

Urban trees in general and street trees in particular, while 
conveying the virtues of well-being to the population and 
resilience to the city, are also vectors of disservices to roads, 
people and their property. 

3.4.6. Disservices Caused by Urban Trees 

Urban trees cause disservices and generate unforeseen 
financial costs to the City's budgets (Figure 8). Among other 
disservices, we note the cracking and destruction of urban 
structures such as gutters and pavements, for which the 
frequency of citation is 26.74%. The obstruction of 
communication arteries and artificial outlets is 7.09%. The 
destruction of water supply, electricity and telephone 
networks is cited by 13.40% of informants. The insalubrity 
due to the fall of leaves and fruits for 10.88%. The loss of 
human life caused by traffic accidents was cited by 10.46% of 
respondents, with traffic accidents accounting for 9.68%. 
Finally, the urban banditry, in terms of hiding place of the 
aggressors, quoted at 8.98%. Lastly, the informants (7.84%) 
underlined the allergenic trait of certain organs produced by 
the alignment plants. The trees of avenues are a source of 
pollution and inconvenience, once the installation is not in 
conformity with the decreed norms. Thus, additional costs are 

requested to treat the induced effects, at the level of the City. 

 

Figure 8. Perceived disservices to street trees. 

4. Discussion 

4.1. Analysis of the Floristic Diversity of Street Trees 

The history of street trees in Brazzaville dates back to the 
1880s and coincides with the creation of the City, as 
confirmed by IGN (ex CERGEC) archives [63]. The first taxa 
introduced in alignment along the arterial roadsides are 
Ananas comosus and Psidium guayava. The choice of these 
neotropical taxa could be explained by (i) the imperatives of 
conservation and propagation, knowing that the city has 
developed in a savannah and swampy zone; (ii) or simply a 
question of maintaining the original spatial aesthetics [63, 64]. 
This trend, which persists to this day, is the result of (i) 
transcontinental exchanges, the consequence of which is the 
extension of the ranges of several taxa, and (ii) the lack of data 
on the topic, in order to enhance the local flora [63-66]. The 
floristic diversity of avenue trees in Brazzaville emphasizes 
exotic flora to the detriment of local flora, as is the case in 
more than one Sub-Saharan urban city [63, 66]. The reason for 
this dominance is to be found in (i) the history of human 
transhumance from the colonial era and regional speculation, 
(ii) and, the almost non-existent exploration of the local flora 
in order to select interesting taxa for this purpose [63-66]. This 
consideration biases people's expectations of the conservation 
functions of local taxa at the urban forestry level. Thus, the 
educational and aesthetic values of local flora are obscured. 
However, the stigma of collecting bark samples from 
individuals, avenue trees, testifies to the integration of the said 
taxa into the foundation of local knowledge [67]. Well 
managed, these plants come at the right time to enrich the flora 
of the region and, in fine, to satisfy the needs of the 
populations and give color to the city. 

4.2. Ecological Aspects of Urban Flora 

Urban forestry that integrates trees in rows increases both 
faunal and floral biodiversity by providing habitats for more 
than one taxon [43, 68, 69]. Such is the case, in Brazzaville, of 
epiphytes (ferns, orchids and strangler ficus, lichens, mosses), 
parasitic plants (fungi in part), especially hemiparasites 
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(Loranthus sp.) which find ideal conditions for development 
there [43]. The tangible consequence is the increase in floristic 
diversity, in addition to the fact that several of these taxa are 
very reliable bio-indicators at the bioclimatic and 
environmental level [43, 70]. About wildlife, besides serving 
as perches, trees are a source of food, breeding ground and 
nesting boxes for more than one species (insects, mammals, 
birds). The evolutionary duality of plants and animals reflects 
the importance of this pooling of intrinsic values of each unit 
to sustain life and ecosystem balances [6, 7, 32, 38, 43]. The 
ecological aspects of urban forestry and particularly of avenue 
trees offer eloquent and accessible examples for the 
exploitation of pedagogical notions (introduction to ecology) 
that would require expensive travel to rural areas [10, 31, 71]. 

Notwithstanding the benefits, that everyone is likely to 
appreciate, other more subtle and distinctly interesting 
products, and beyond the boundaries of the geographic area 
covered, are provided to the population and humanity [8, 9, 23, 
63, 70]. At the population level, the most tangible benefits are 
expressed in terms of daily satisfaction of trophic appetites, 
primary health care and even support of the socio-cultural 
base and energy source. Conversely, the intangible benefits 
influence the psychic, mental health and well-being, the 
resilience of the city by combating the heat islands generated, 
and finally engender a local microclimate by regulating the 
region's climate system [5, 11, 27, 34, 36, 72-75] Note that 
addressing climate change requires carbon sequestration via 
plant metabolic processes. In order to optimize the response to 
climate change, stand renewal is necessary because the needs 
of a senescent individual are significantly lower than those of 
a young individual, in terms of balance. The ecological 
efficiency of carbon sequestration will only be satisfactory if 
the level of transformation of all woody parts of the trees is 
raised. Thus, traditional craftsmanship as practiced cannot be 
an adequate and sustained solution in the long term. 

4.3. Degradation of Living Capital 

Urban incivism is a phenomenon that causes the 
degradation of living capital and avenue trees are not spared. 
To supply the artisanal workshops, in urban areas, in addition 
to the trees that are victims of natural weathering, fires are lit 
at the base of the trees or even girdled as a result of intensive 
bark collection [44]. Thus, phytotherapy focuses on 
Peltophorum pterocarpum, Mangifera indica, Senna siamea, 

Terminalia superba, Terminalia catappa, Millettia laurentii. 
As for handicrafts, in addition to Acacia auriculiformis and 

Acacia mangium, we find the entire floristic cohort underlying 
phytotherapy. These wrongdoings reduce the urban forest 
cover, while underpinning the socio-cultural base and 
providing substantial income to the populations holding the 
empirical knowledge [23, 44, 66, 70, 76, 77]. The street trees 
of the city of Brazzaville are, without exaggeration, suppliers 
of raw materials to urban craftsmen and phytotherapists. The 
consequences of the mega-management of street trees in 
Brazzaville by skilled services coupled with the incivism of 
the population have led to the extinction of Spathodea 

campanulata, Schizolobium parahybum, Jacaranda 

mimosifolia, Aleurites moluccana, Hymenaea courbaril, 

Samanea saman, in the Brazzaville urban space [63]. For lack 
of renewal of stands and medicinal power of bark, several taxa 
currently present as avenue trees are physiologically and 
morphologically ill-conformed; and among these 
Peltophorum pterocarpum, Senna siamea, Terminalia 

catappa, Terminalia superba, Millettia laurentii and 

Mangifera indica. This trend would be amplified by the illicit 
introduction of several species of neotropical palms in 
alignment, to the detriment of woody plants, without 
distinction of origin and socio-economic expectations. 

4.4. Influence of Ecosystem Services on Phytodiversity 

The social, economic and environmental functions that 
forest formations provide, regardless of their location and 
extent, are not lost on urban alignment trees [4, 26, 33, 66, 77, 
78]. The traditional knowledge associated with plants is the 
basis for the specific consideration and devotion expressed by 
the riparian’s, who find their account there. In addition to this 
demand for empirical or even bookish knowledge, the 
impoverishment of the majority of city dwellers is one of the 
determining factors in the choice of trees for urban 
development [23, 43, 70, 79, 80]. Indeed, urban forestry, and 
in particular street trees, are the basis of the socio-ecological 
and landscape values that govern the preferences of the actors 
[79, 81-83]. In terms of ecosystem services, provisioning and 
regulating services are the focus of people's attention, both in a 
global reflection on needs, and considering the level of 
education of informants. The difficulty in satisfying the 
demand of each of the actors places the managers of the city in 
front of their responsibility to find urban planning policies that 
can satisfy the desires of the residents and other users. 

4.5. Perception of the Avenue Tree in the City 

The paving of the arteries, which is secular in Brazzaville, 
has still not met the expectations of the population. There are 
many reasons for this and the most relevant one would be 
associated with the diversity of interests of the social strata. 
This activity, which is the responsibility of the municipal 
services, lost its amplitude in the independence years (1960) 
and becoming sometimes the nightmare of the city managers. 
The tropical tree by its growth rate of about 1cm/year is 
ineluctably a partial measure of time, under natural conditions 
[84]. Thus, individuals inventoried in the city center, the site 
of the development operation, are highly senescent with dbh ≥ 
70 cm. These taxa (Mangifera indica, Terminalia catappa and 

Peltophorum pterocarpum or even Millettia laurentii), which 
are very weakened, are the cause of several incidents affecting 
people and their property [80, 85-87]. As a result of 
ever-increasing human activity, the urban forest cover is in 
full regression, leaving several arteries exposed, such as the 
avenues of the Cité des 17, Moukoukoulou Street, and the 
street leading to the Church of Jesus Resurrected, in Plateau 
des 15 ans, and the avenue Docteur Blachet in Mpila which 
were once very flamboyant with Delonix regia, Peltophorum 

pterocarpum, Schizolobium parahybum, Jacaranda 
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mimosifolia and Spathodea campanulata. The current 
resumption of paving of arteries, mainly based on Terminalia 

mantaly, Corymbia sp., Acacia auriculiformis, Acacia 

mangium, Cananga odorata, Polyalthia longifolia, 
awkwardly carried out, without observing the conventional 
minima, attracts more discontent than appeasement. The lack 
of respect for the rules coupled with the poor choice of taxa 
(lack of knowledge of the plant) would be the reason for the 
negative effects noted on the urban roads. In addition, the 
absence of an urban tree policy and national standards on the 
maintenance and replacement of taxa or even rejuvenation of 
the stand would be factors that negatively aggravate the 
perception of populations [88-91]. Finally, the anthropic 
action associated with the collection of bark affects the 
metabolism of taxa and their general morphology, resulting in 
deformity of the subjects and sometimes-even death on foot 
[44]. This set of facts negatively impacts the desired landscape 
value of avenue trees with respect to riparian populations and 
users. 

As for the taxa that one would qualify as accidental in 
alignment, their existence is the work or the result of anarchic 
occupation of public space by the residents. Thus, in an 
insidious way, a useful reserve is constituted, while the 
community benefits from the indirect fallout. Without being 
exhaustive, let us mention Spondias mombin, Ficus sp., Cocos 

nucifera, Tamarindus indica, Persea americana, Pentaclethra 

macrophylla and Ricinodendron heudelotii, whose primary 
purpose is to support provisioning services (food, 
phytotherapy, wood-energy) and shading for regulating 
services, the bulk of which is almost imperceptible. 

5. Conclusion 

Urban arboriculture in Brazzaville is constantly decreasing 
in coverage, despite the fact that it increases urban floristic 
and faunal diversity by providing habitats. Stemming this 
situation requires normative and regulatory acts on the place 
of trees in the urban environment and in development policies. 
However, its predominantly exotic composition does not 
enhance the local flora and the expectations of the population, 
such as the pedagogical significance and the conservation or 
reserve of taxa. Avenue trees provide ecosystem goods and 
services (tangible and intangible), the importance and 
appreciation of which are mixed depending on the social strata. 
The expectations of the populations would be summarized in 
the desiderata and social situations of the residents, hence the 
difficulty of satisfying or even accessing the myriad of 
requests. 

The poor conduct of urban development, and in particular 
of avenue trees, leads to a negative perception of them by the 
population. This feeling of rejection is exacerbated by the 
pollution and disservices caused to roads and urban 
infrastructures. Finally, the study offers tools that are assets 
for city managers in taking into account the issue of trees and 
ecosystem services in the reflections and development of 
policies on urban development. 

 

References 

[1] Dutrève B. 1997. Étude de foresterie urbaine en zone 
saharo-sahélienne: Nouakchott, Mauritanie. Mémoire de fin 
d’étude. Université de Paris XII et CIRAD-Forêt. 59 p. Paris. 

[2] Malhotra K. C. and Vijayakumar M., 1987. Man-Tree 
relationship in an urban setting: A socio-Ecological study, in 
Anthropology development and nation building par Kalla A. K. 
et Singh K. édition, Concept Publishing Co, New Delhi, PP 
273-290. 

[3] Nero B. F., Nana A. K. R. and Fatunbi O., 2018. Tree Species 
Diversity and Socioeconomic Perspectives of the Urban (Food) 
Forest of Accra, Ghana. Sustainability, 10, 3417-3436. 
https://doi.org/10.3390/su10103417 

[4] Sæbø A., Janhall S., Gawronski S. W., and Hanslin H. M., 2017. 
Urban forestry and pollution mitigation, in Routledge 
Handbook of Urban Forestry, F. Ferrini, C. Konijnendijk van 
den Bosch, and Allesio F., Eds., Routledge, Londres, UK. 
https://doi.org/10.4324/9781315627106 

[5] Saudreau M., Kastendeuch P., Ngao J., Najjar G., et Améglio 
T., 2015. Régulation du climat thermique urbain par les arbres: 
ombrage et température du couvert. Innovations Agronomiques 
45, 23-34. http://doi.org/10.15454/1.4622648823879841E12 

[6] Martin B., Gutleben C. and Colson F., 2015. Aménagement et 
gestion des espaces verts pour produire, sous contraintes 
réglementaires, des bouquets de services écosystémiques: 
Témoignage de la ville de Rennes. Innovations Agronomiques 
45, 95-99. http://doi.org/10.15454/1.4622658170018E12 

[7] Cormier L., 2015. Les urbanistes et l’approche écologique de la 
nature en ville: une conciliation possible ? Innovations 
Agronomiques 45, 83-93. 
http://doi.org/10.15454/1.46226572446435E12 

[8] Mestayer P. G. and Brunet Y., 2015. Impact de la végétation 
urbaine sur la qualité de l’air Innovations Agronomiques 45, 
35-45. http://doi.org/10.15454/1.4622651014844446E12 

[9] Milošević D. D., Savić S. M., Marković V., Arsenović D. and 
Šećerov I., 2016. Outdoor Human Thermal Comfort in Local 
Climate Zones of Novi Sad (Serbia) during Heat Wave Period. 
Hungarian Geographical Bulletin, 6, 129-137. 
https://doi.org/10.15201/hungeobull.65.2.4 

[10] Lessard et Boulfroy, 2008. Les rôles de l’arbre en ville. Centre 
collégial de transfert de technologie en foresterie de Sainte-Foy 
(CERFO). Québec, 21 p. 

[11] Nowak D. J., Crane D. E. and Stevens J. C., 2006. Air Pollution 
Removal by Urban Trees and Shrubs in the United States, 
Urban Forestry & Urban Greening, 4, 115-123. doi: 
10.1016/j.ufug.2006.01.007. 

[12] Castro J., Krajter Ostoić S., Cariñanos P., Fini A. et Sitzia T. 
2018. Les forêts urbaines « comestibles », partie intégrante 
des villes inclusives et durables, in, Forêts et Villes durables, 
FAO Unasylva 250, eds, Revue internationale des forêts et des 
industries, 69 (1), 59-65. 

[13] Cariñanos P., Calaza P., Hiemstra J., Pearlmutter D. et Vilhar 
U. 2018. Le rôle des forêts urbaines et périurbaines dans la 
réduction des risques et la gestion des catastrophes, in, Forêts 
et Villes durables, FAO Unasylva 250, eds, Revue 
internationale des forêts et des industries, 69 (1), 53-58. 



76 Kimpouni Victor et al.:  Floristic Diversity of the Trees of Street Alignment and Concern of the Populations in Brazzaville  
 

[14] MEA (Millenium Ecosystem Assessment), 2005. Ecosystems 
and Human Well-being: Synthesis. Washington, DC, USA, 
Island Press, 266 p. 
https://www.millenniumassessment.org/documents/document.
356.aspx.pdf 

[15] Livesley S. J., McPherson E. G. and Calfapietra C., 2016. The 
Urban Forest and Ecosystem Services: Impacts on Urban 
Water, Heat, and Pollution Cycles at the Tree, Street, and City 
Scale. Journal of Environmental Quality, 45 (1), 119-124. 
https://doi.org/10.2134/jeq2015.11.0567 

[16] Fisher B., Turner K., Zylstra M., Brouwer R., De Groot R., 
Farber S., Ferraro P., Green R., Hadley D., Harlow J., Jefferiss 
P., Kirkby C., Morling P., Mowatt S., Naidoo R., Paavola J., 
Strassburg B., Yu D. and Balmford A., 2008. Ecosystem 
services and economic theory: Integration for policy-relevant 
research. Ecological Applications, 18 (8), 2050-2067. 
https://doi.org/10.1890/07-1537.1 

[17] Gómez-Baggethun E., de Groot R., Lomas P. L. and Montes C., 
2010. The history of ecosystem services in economic theory 
and practice: From early notions to markets and payment 
schemes. Ecological Economics, 69, 1209-1218. 
http://doi:10.1016/j.ecolecon.2009.11.007 

[18] Shackleton S., Chinyimba A., Hebinck P., Shackleton C. and 
Kaoma, H. 2015. Multiple Benefits and Values of Trees in 
Urban Landscapes in Two Towns in Northern South Africa. 
Landscape and Urban Planning, 136, 76-86. 
https://doi.org/10.1016/j.landurbplan.2014.12.004 

[19] Laïlle P., Provendier D. et Colson F., 2015. Effets du végétal 
sur le cadre de vie et la santé humaine. Innovations 
Agronomiques, 45, 47-60. 
http://doi.org/10.15454/1.4622652017060854E12 

[20] Sjöstedt M. 2012. Ecosystem Services and Poverty Reduction: 
How Do Development Practitioners Conceptualize the 
Linkages? The European Journal of Development Research, 
Palgrave Macmillan; European Association of Development 
Research and Training Institutes (EADI), 24, 777-787. 
https://doi.org/10.1057/ejdr.2012.16 

[21] Amontcha A. A. M., Lougbegnon O. T., Tenté B., Djego J., 
Sinsin B. A., 2015. Aménagements urbains et dégradation de la 
phytodiversité dans la Commune d’Abomey-Calavi 
(Sud-Bénin). Journal of Applied Biosciences, 91, 8519-8528. 
http://dx.doi.org/10.4314/jab.v91i1.9 

[22] Balez A., Reunkrilerk J., 2013. Écosystèmes et territoires 
urbains: impossible conciliation ? Développement Durable et 
Territoires, 4 (2), 1-18. 
https://doi.org/10.4000/developpementdurable.9853 

[23] Kimpouni V., Nzila J. D. D., Watha-Ndoudy N., Kokolo 
Bilongo E. C., Yallo Mouhamed S., Kampe J.-P. and 
Louembe D. 2020b. Sociocultural and ecological dynamics of 
green spaces in Brazzaville (Congo). International Journal of 
Ecology 2020, 1-12. https://doi.org/10.1155/2020/3719267. 

[24] Dobbs C., Eleuterio A. A., Amaya J. D., Montoya J. et Kendal 
D. 2018. Les bienfaits de la foresterie urbaine et périurbaine, in, 
Forêts et Villes durables, FAO Unasylva 250, eds, Revue 
internationale des forêts et des industries, 69 (1), 22-29. 

[25] Sheets V. L. and Manzer C. D., 1991. Affect, cognition, and 
urban vegetation: some effects of adding trees along city streets. 
Environment and Behaviour, 23 (3), 285-304. 
https://doi.org/10.1177/0013916591233002 

[26] Chapparo et Terradas, 2009. Ecological services of urban forest 
in Barcelona, Barcelone, Centre de Recerca Ecologica, 96p. 

[27] Savić S., Unger J., Gál T., Milošević D. and Popov Z., 2013. 
Urban Heat Island Research of Novi Sad (Serbia). Geographica 
Pannonica, 17, 32-36. 
https://doi.org/10.5937/GeoPan1301032S 

[28] Brun M., Bonthoux S., Greulich S. et Di Pietro F., 2017. Les 
services de support de diversité floristique rendus par les 
délaissés urbains. Environnement urbain, 11. DOI: 
10.7202/1050489ar. 

[29] Nomel G. J. R., Kouassi R. H., Augustin A. S. and N’guessan K. 
E., 2019. Diversité et stock de carbone des arbres d’alignement: 
cas d’Assabou et Dioulakro de la ville de Yamoussoukro 
(Centre de la Côte d’Ivoire). Journal of Environmental Science, 
Toxicology and Food Technology, 13 (4), 84-89. 
http://iosrjournals.org/iosr-jestft/papers/Vol13-%20Issue%204
/Series-1/K1304018489.pdf 

[30] Morgenroth J., Ostberg J., Konijnendijk C., Nielsen A. B., 
Hauer R., Sjöman H., Chen W. and Jansson M., 2015. Urban 
tree diversity: Taking stock and looking ahead. Urban Forestry 
& Urban Greening, 15, 1-5. 
http://dx.doi.org/10.1016/j.ufug.2015.11.003 

[31] Sterp de Vries, Verheij R. A., Groenervegen P. P. and 
Spreenwenberg P., 2003. Natural Environments-Healthy 
environments: an exploratory analysis of the relationship 
between green space and health. Environment and planning A., 
35 (10), 1717-1731. DOI: 101068/a 35111. 

[32] Clergeau P., 2012. Services écologiques et trame verte urbaine, 
Vertigo, La revue électronique en Sciences de 
l’Environnement, Hors-série 12, 
http://Vertigo.revues.org/11834. 

[33] Bœuf F. et Robert F., 2017. L’arbre en ville: un outil au service 
des territoires, pp 16. 

[34] Vergriete, Y. et Labrecque M., 2007. Rôles des arbres et des 
plantes grimpantes en milieu urbain: revue de la littérature et 
tentative d’extrapolation au contexte montréalais, Institut de 
recherche en biologie végétale-Jardin Botanique de Montréal, 
Université de Montréal, Canada. 35 p. 

[35] Decoupigny D. and Koch S., 2017. L’arbre en ville, vers une 
politique arborée métropolitaine, l’atelier des espaces publics 
de la métropole Lilloise, Agence de développement et 
d’urbanisme de Lille Métropole, pp 21. 

[36] Bélanger-Michaud H., 2013. Comparaison coûts – bénéfices de 
la foresterie urbaine comme stratégie d’atténuation des îlots de 
chaleur. Maîtrise en Environnement, Université de Sherbrooke. 

[37] Papin O., Colin A et Thuillier B., 2017. L’arbre en ville: un 
outil au service des territoires, XPAIR, pp 11. 

[38] Muller S., 2018. Les «forêts urbaines», essentielles aux villes 
de demain, Actualité Techni. Cité, pp 17. 

[39] Le Gourrierc S., 2012. L’arbre en ville: Le paysagiste 
concepteur face aux contraintes du projet urbain. Diplôme 
d’ingénieur (Maîtrise d’œuvre et Ingénieurie) SCE Nantes, 
Aménagement et Environnement. 

[40] Kadir M. A. A. and Othman N., 2012. Towards a better 
tomorrow: Street trees and their values in urban areas. Procedia 
- Social and Behavioral Sciences, 35, 267-274. 
http://dx.doi.org/10.1016/j.sbspro.2012.02.088 



 Agriculture, Forestry and Fisheries 2023; 12(3): 64-78  77 
 

[41] Niemelä J., Saarela S.-R., Söderman T., Kopperoinen L., 
Yli-Pelkonen V., Väre S. and Kotze D. J., 2010. Using the 
ecosystem services approach for better planning and 
conservation of urban green spaces: A Finland case study. 
Biodiversity Conservation, 19, 3225-3243. 
https://doi.org/10.1007/s10531-010-9888-8 

[42] Raymond R. and Simon L., 2012. Biodiversité: les services 
écosystémiques et la nature en ville. Revue Forestière 
Française, 3, 339-350. 
https://halshs.archives-ouvertes.fr/halshs-01592204 

[43] Kimpouni V., Lenga-Sacadura M. Y., Kalath R. S. et 
Kiangana-Ngoyi L., 2017a. Diversité floristique des épiphytes 
et hémiparasites vasculaires de l’écosystème forestier urbain de 
Brazzaville, Congo. Journal of Applied Biosciences, 117, 
11704-11719, https:/dx.doi.org/10.4314/jab.V117i1.7 

[44] Kimpouni V., Lenga-Sacadura M.-Y., Nkounkou-Loufoukou R. 
C. and Mamboueni J. C., 2017c. Survey of the Anthropic 
Actions and the Urban Woody Flora Exploitation in 
Brazzaville (Congo). International Journal of Current Research 
and Academic Review 5 (7), 38 – 51. 
https://doi.org/10.20546/ijcrar.2017.507.007 

[45] Dubé A, Saint-Laurent D. et Senécal G. 2006. Penser le 
renouvellement et la politique de conservation de la forêt 
urbaine à l’ère du réchauffement climatique, p. 50. 

[46] Vennetier P., 1977. Atlas de la République Populaire du Congo. 
Édition Jeune Afrique, Paris. 

[47] Köppen, W., 1900. Versuch einer Klassifikation der Klimate, 
vorzugsweise nach ihren Beziehungen zur Pflanzenwelt. Geogr. 
Z. 6, 593–611, 657–679. 

[48] Köppen, W., 1936. Das geographische System der Klimate, 1–
44. Gebrüder Borntraeger, Berlin, Germany. 

[49] Peel M. C., Finlayson B. L. and McMahon T. A., 2007. 
Updated World Map of the Köppen-Geiger Climate 
Classification. Hydrology and Earth System Sciences, 11, 
1633-1644. 
http://www.hydrol-earth-syst-sci.net/11/1633/2007/ 
https://doi.org/10.5194/hess-11-1633-2007 

[50] Kottek M., Grieser J., Beck C., Rudolf B. and Rubel F., 2006. 
World Map of the Köppen-Geiger Climate Classification 
Updated. Meteorologische Zeitschrift, 15 (3), 259-263. 
https://doi.org/10.1127/0941-2948/2006/0130 

[51] Beck H. E., Zimmermann N. E., McVicar T. R., Vergopolan N., 
Berg A. and Wood E. F., 2018. Data Descriptor: Present and 
Future Köppen-Geiger Climate Classification Maps at 1-km 
Resolution. Scientific Data, 5. 
https://doi.org/10.1038/sdata.2018.214 

[52] Belda, M., Holtanová, E., Halenka, T. and Kalvová, J. 2014. 
Climate Classification Revisited: From Köppen to Trewartha. 
Climate Research, 59, 1-13. https://doi.org/10.3354/cr01204 

[53] Samba G. and Nganga D., 2011. Rainfall Variability in 
Congo-Brazzaville: 1932-2007. International Journal of 
Climatology, 32, 854-873. https://doi.org/10.1002/joc.2311 

[54] Samba G., Nganga D. and Mpounza M., 2008. Rainfall and 
Temperature Variations over Congo-Brazzaville, between 
1950 and 1998. Theoretical and Applied Climatology, 91, 
85-97. https://doi.org/10.1007/s00704-007-0298-0 

[55] Makany L., 1976. Végétation des plateaux Teke (Congo), 

Brazzaville, Collection des Travaux Université de Brazzaville, 
301 p. 

[56] Kimpouni, V., Lejoly, J. and Lisowski, S., 1992. Les 
Eriocaulaceae du Congo. Fragmenta Floristica Geobotanica, 37, 
127-145. 

[57] Kimpouni V., Mbou P., Apani E. and Motom M., 2013a. 
Floristic diversity and structural parameters of the Brazzaville 
Patte d’Oie forest, Congo. Open Journal of Ecology 3 (8), 518 – 
531 http://dx.doi.org/10.4236/oje.2013.38061 

[58] Kimpouni V., Mbou P., Gakosso G. et Motom M., 2013b. 
Biodiversité floristique du sous-bois et régénération naturelle 
de la forêt de la Patte d’Oie de Brazzaville, Congo. Int. J. Biol. 
Chem. Sci, 7 (3), 1255-1270. 
http://dx.doi.org/10.4314/ijbcs.v7i3.31 

[59] Kimpouni V., Apani E., Mbou P. and Motom M., 2014. Étude 
floristique des îlots forestiers naturels de la Patte d’Oie de 
Brazzaville, Congo. Acta Botanica Gallica, 161 (1), 63-79, 
http://dx.doi.org/10.1080/12538078.2013.870048; DOI: 
10.1080/12538078.2013.870048 

[60] Lebrun J.-P. and Stork A. L., 1991-2015. Enumeration of 
flowering plants in tropical Africa and Tropical African 
Flowering Plants: Ecology and Distribution, vol. 1-10, 
Published by the Conservatory and Botanical Garden of the 
City of Geneva, Geneva. Available at: 
http://www.villege.ch/musinfo/bd/cjb/africa/recherche.php?la
ngue=en; 
http://www.villege.ch/musinfo/bd/cjb/africa/recherche.php?la
ngue=fr 

[61] APG, 2016. Update of the Angiosperm phylogeny group 
classification for the orders and families of flowering plants: 
APG IV, Botanical Journal of the Linnean Society, 181 (1), 
1-20, DOI: 10.1111/boj.12385. 

[62] Puig, H. 2001. La forêt tropicale humide. Paris: Belin. 

[63] Kimpouni V., Mbouba S. D. et Motom M. 2017b. Étude de la 
flore allochtone arborescente et foresterie urbaine à Brazzaville 
(Congo). J. Bot. Soc. Bot. France 79, 73-92. 

[64] Raponda-Walker A. and Sillans R., 1961. Les plantes utiles du 
Gabon. Sépia, France. 
https://doi.org/10.3109/13880206109066644 

[65] Fleury M., 1994. Impact de la traite des esclaves sur la 
phytogéographie. Exemple chez les Aluku (Boni) de Guyane 
française. Journal d’Agriculture Traditionnelle et de Botanique 
Appliquée, 36, 113-134. 
https://doi.org/10.3406/jatba.1994.3537 

[66] Osseni A. A., Gbesso G. H. F., Nansi K. M. and Tente A. B. H., 
2020. Phytodiversité et services écosystémiques associés aux 
plantations d’alignement des rues aménagées de la ville de 
Grand-Popo au Bénin. Bois et Forêts des Tropiques, 345 (3), 
85-97. Doi: https://doi.org/10.19182/bft2020.345.a31808 

[67] Ong H. G. and Kim Y. D., 2014. Quantitative ethnobotanical 
study of the medicinal plants used by the Ati Negrito 
indigenous group in Guimaras island, Philippines. Journal of 
Ethnopharmacology, 157, 228-242. 
https://doi.org/10.1016/j.jep.2014.09.015 

[68] Johansson D. R., 1974. Ecology of vascular epiphytes in West 
African rain forest. Acta phytogeographica suedica, 59, 131 
p. 



78 Kimpouni Victor et al.:  Floristic Diversity of the Trees of Street Alignment and Concern of the Populations in Brazzaville  
 

[69] Johansson V., Ranius T. and Snäll T., 2013. Epiphyte 
metapopulation persistence after drastic habitat decline and low 
tree regeneration: timeılags and effects of conservation actions. 
Journal of Applied Ecology, 50 (2), 414-422. 

[70] Kimpouni V., Nzila J. D. D. and Kaya H. F., 2019a. Urban 
Forestry and Ecosystem Services in the City of Dolisie (Congo). 
American Journal of Agriculture and forestry, 7 (2), 53-65. doi: 
10.11648/j.ajaf.20190702.13. 

[71] Behrens F. M. L., 2011. Selecting public street and park trees 
for urban environments: the role of ecological and 
biogeographical criteria. PhD Thesis, Lincoln University, USA, 
266 p. 

[72] McHale M. R., McPherson E. G. and Burke I. C., 2007. The 
potential of urban tree plantings to be cost effective in carbon 
credit markets. Urban Forestry & Urban Greening, 6 (1), 49-60. 
https://doi.org/10.1016/j.ufug.2007.01.001 

[73] Nowak D. J., 1994. Atmospheric carbon dioxide reduction by 
Chicago’s urban forest. In: McPherson, E. G., Nowak, D. J., 
Rowntree, R. A. (Eds.), Chicago’s Urban Forest Ecosystem: 
Results of the Chicago Urban Forest Climate Project. USDA 
Forest Service General Technical Report NE-186, Radnor, PA, 
300pp. 

[74] Nowak D. J. et Crane D. E., 2002. Carbon and sequestration by 
urban tree in the USA. Environmental Pollution 116, 381–389. 
https://doi.org/10.1016/S0269-7491(01)00214-7 

[75] Nowak D. J., Stevens J. C., Sisinnis M. et Luley C. J., 2002. 
Effet of urban tree management and species selection on 
atmospheric carbon dioxide. Journal Arboriculture, 28 (3), 
113-122. DOI: 10.48044/jauf.2002.017. 

[76] Beichler S. A., 2015. Exploring the link between supply and 
demand of cultural ecosystem services towards an integrated 
vulnerability assessment. International Journal of Biodiversity 
Science, Ecosystem Services & Management, 11 (3), 250-263. 
http://dx.doi.org/10.1080/21513732.2015.1059891 

[77] Dandy N., 2010. Climate change and street trees project. The 
social and cultural values, and governance, of street trees. 
Social Research Report. Research Agency of the Forestry 
Commission, UK, 39 p. 

[78] Molnár V. É., Tóthmérész B., Szabó S. and Simon E., 2018. 
Urban Tree Leaves’ Chlorophyll-A Content as a Proxy of 
Urbanization. Air Quality, Atmosphere and Health, 11, 
665-671. https://doi.org/10.1007/s11869-018-0573-5 

[79] Pistón N., Dario S. E., Filho S. and Dias A. T. C., 2022. Social 
inequality deeply affects people’s perception of ecosystem 
services and disservices provided by street trees. Ecosystem 
Services, 58, https://doi.org/10.1016/j.ecoser.2022.101480 

[80] Kirkpatrick J. B., Davison A. and Harwood A. 2013. How tree 

professionals perceive trees and conflicts about trees in 
Australia's urban forest. Landscape and Urban Planning, 119, 
124-130. https://doi.org/10.1016/j.landurbplan.2013.07.009 

[81] Hegetschweiler K. T., Wartmann F. M., Dubernet I., Fischer C. 
and Hunziker M. 2022. Urban forest usage and perception of 
ecosystem services – A comparison between teenagers and 
adults. Urban Forestry & Urban Greening, 74, 
https://doi.org/10.1016/j.ufug.2022.127624 

[82] Dobbs C., Kendal D. and Nitschke C. R. 2014. Multiple 
ecosystem services and disservices of the urban forest 
establishing their connections with landscape structure and 
sociodemographics. Ecological Indicators, 43, 44-55, 
https://doi.org/10.1016/j.ecolind.2014.02.007 

[83] Schaubroeck T., 2017. A need for equal consideration of 
ecosystem disservices and services when valuing nature; 
countering arguments against disservices. Ecosystem Services, 
26, 95-97, https://doi.org/10.1016/j.ecoser.2017.06.009 

[84] Kimpouni V., Apani E., Kouvoukana V. et Motom M., 2012. 
Variation de la composition floristique des fruitiers 
traditionnels après abandon en zone de savane, Acta Botanica 
Gallica, 159 (1), 53-65. 
http://dx.doi.org/10.1080/12538078.2012.671643 

[85] Döhren P. and Haase D. 2015. Ecosystem disservices research: 
A review of the state of the art with a focus on cities. Ecological 
Indicators, 52, 490-497, 
https://doi.org/10.1016/j.ecolind.2014.12.027 

[86] Vaz A. S., Kueffer C., Kull C. A., Richardson D. M., Vicente J. 
R., Kühn I., Schröter M., Hauck J., Bonn A. and Honrado J. P. 
2017. Integrating ecosystem services and disservices: insights 
from plant invasions. Ecosystem Services, 23, 94-107. 
https://doi.org/10.1016/j.ecoser.2016.11.017 

[87] Shah A. M., Liu G., Huo Z., Yang Q. Zhang W., Meng F., Yao 
L. and Ulgiati S. 2022. Assessing environmental services and 
disservices of urban street trees. An application of the emergy 
accounting. Resources, Conservation and Recycling, 186, 
https://doi.org/10.1016/j.resconrec.2022.106563 

[88] Kosmus M., Renner I. et Ullrich S., 2013. Intégration des 
services écosystémiques dans la planification du développement: 
Une approche graduelle destinée aux praticiens et basée sur 
l’approche TEEB. Bonn, Allemagne, Deutsche Gesellschaft für 
Internationale Zusammenarbeit (GIZ), 94 p. 

[89] Martin K., 2014. Arbre en milieu urbain: guide de mise en 
œuvre. Trees & Désign Action Group (TDAG), London, 168p. 

[90] Anonyme, 2017. Street tree management plan March 2020. 
Wodonga Street Tree Management Plan 2020, 42p. 

[91] Anonyme, 2021. Glen eira urban forest strategy. Glen Eira City 
Council, 34 p. 

 


