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Abstract 
 
The conservation and sustainable management of plant species require knowledge of their potential 

distribution areas and of the factors driving this distribution. A study modeling the distribution of ten 

flagship plant species reported as anti-malaria and mosquito repellents in Burundi was carried out, with a 

view to contributing to the establishment of conservation priorities in Burundi, which could also be a 

reference for other countries. The study was conducted in the four phytogeographic districts of Burundi. It 

was based on 98 samples from a field data collection on anti-malaria and mosquito repellent plants from 

Burundi and plant specimens kept at the University of Burundi Herbarium. Potential distribution areas 

were determined using the Inverse Distance Weighting (IDW) spatial interpolation tool in ArcGIS 10.5 

software. The geographic distribution and the ecological factors likely to influence this distribution were 

determined. The spatial interpolation show that the ten plant species reported as antimalarial and/or 

mosquito repellent in Burundi can be predicted in all the phytogeographic districts of Burundi. According 

to the available literature, seven of the ten species belong to the category of widely distributed species. The 

study shows that there are some differences in terms of distribution especially in the Mosso-malagarazi 

district. This could be explained by ecological conditions, typical of the lowlands. The distribution models 

obtained in this study will guide the sustainable plants management in Burundi and elsewhere. In order to 

increase the production of essential oils and phytochemicals, we recommend the use of these models to 

identify potential growth sites of the ten anti-malaria and mosquito repellent plant species. 

 

Introduction

Most approaches developed to predict the 
geographic distribution of species are based on 
the concept of ecological niche and its modeling 
(Mahamoud and Akpo, 2018). Species 
distribution models have been used for years to 

predict the potential range of a species and 
identify the factors that determine that 
distribution (Kumar and Stohlgren, 2009). Some 
models are valid on a large scale, such as the 
"Maxent" model, which is based on maximum 
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entropy (Phillips et al., 2006) and calculates the 

effective niche and the probability of occurrence 
of a given species. Other models that can be used 
at large and small scales include the Kigreage and 
inverse distance weighting (IDW) models. This 
inverse distance weighting method has been 
used in several research studies to predict the 
distribution of plant species (Boman et al., 1995; 
Dirks et al., 1998; Roberts, 2001) and has 

consistently been ranked as one of the best 
techniques for modeling the geographic 
distribution of plants and other features of 
interest such as soil fertility (Gotway et al., 1996).  

The present study is a contribution to the 
modeling of the geographical distribution of ten 
plant species most reported as antimalarial and 
mosquito repellent in Burundi (Havyarimana, 
2020). These are the species Gymnanthemum 
amygdalinum (Delile) Sch. Bip. ex Walp., 
Tetradenia urticifolia (Baker) Phillipson, 
Plectranthus barbatus Andrews, Solanecio mannii 
(Hook.f.) C. Jeffrey, Phytolacca dodecandra L'Hér., 
Dodonaea viscosa Jacq., Senna didymobotrya 
(Fresen.) H. S. Irwin & Barneby, Sesbania sesban 
(L.) Merr., Erigeron sumatrensis Retz. et  
Markhamia lutea (Benth.) K. Schum, selected due to 

the lack of baseline data on their geographic 
distribution to facilitate the establishment of 
conservation priorities in Burundi, which could 
also be a reference for other countries.  

The study had a threefold objective: (i) to 
contribute to the mapping of the spatial 
distribution of the ten antimalarial and mosquito 
repellent plant species in Burundi, (ii) to model 
their geographical distribution to highlight their 
potential distribution areas and (iii) to determine 
the factors that may influence the geographical 
distribution of these species. The results of the 
study will allow conclusions to be drawn about 
the knowledge of the potential distribution areas 
of the ten antimalarial and mosquito repellent 
plant species in Burundi and an understanding of 

the factors that may influence their geographic 
distribution in order to inform decisions about 
extension programs aimed at increasing the raw 
materials used in essential oil extraction units 
and the conservation of these species. 

Materials and methods 

Study area 
The study was conducted in Burundi, a country 
located between 28°58' and 30°53' East longitude 
and between 2°15' and 4°30' South latitude. It is 
bordered by Rwanda to the north, the Democratic 
Republic of Congo to the west and Tanzania to 
the south and east. It covers an area of 27834 km2 
of which about 2000 km2 are occupied by the 
Burundian part of Lake Tanganyika 
(Nzigidahera, 2012). The Burundian vegetation is 
part of the Afrotropical ecozone, and in 
particular, of the highland forest ecoregion. 
However, human action has sustainably reduced 
the extent of forests for agriculture (Deltares, 
2020). The country was once covered with forests, 
but these have been decimated by the search for 
arable land and pasture, the production of 
lumber and firewood, and the production of 
charcoal to meet the needs of the cities 
(Ndabaneze, 1988). 

Located in the heart of Africa, Burundi is indeed 
subject to diverse phytogeographic influences 
(Figure 1). The phytogeographic districts as 
described by Ndabaneze (1983) in (Ndabaneze, 
1988) were considered as homogeneous units of 
the study area. 

Data collection and map production 
The geographical coordinates of reference for the 
distribution of the ten species of anti-malaria and 
mosquito repellent plants were collected during 
the field missions carried out for this study. 
Samples of herbarium specimens collected in the 
field were complemented with data housed at the 
Herbarium of the University of Burundi for 

herbarium specimens from previous work.  
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Figure 1. Study area: Phytogeographic regions of Burundi modified from the Ndabaneze (1988) phytogeographic 
model (I: Western Graben District, II: Rwanda-Burundi District, III: Afromontane District, IV: Mosso and 
Malagarazi District) 

Data visualization and map production were 
performed using ArcGIS 10.5 software. To 
determine the potential distribution of each of the 
anti-malarial and mosquito repellent plant 
species, we used the Inverse Distance Weighted 
(IDW) spatial interpolation tool to estimate the 
prediction areas for each species.  This technique 
interpolated the unsampled areas as follows 
(Shekhar & Xiong, 2008):  

 
Where, Zj is the estimated value for point Z at 
location j, dij is the distance from point i to 
unknown point j, Zi is the value of known point 
i, and n a user defined exponent. Note that the 
value of n used in this work is 2.  

Analysis of the geographical distribution and its 
factors 
The geographic distribution analysis was 
performed by comparing the results obtained 

with the Ndabaneze (1988) model to the 
phytogeographic subdivisions defined by White 
(1993) which are generally considered the most 
recent phytogeographic subdivisions of Africa 
and the most used in phytogeographic studies 
(Linder and Rudall, 2005; Ndayishimiye, 2011; 
Olson et al., 2001).  

Factors that may influence the geographic 
distribution of the ten flagship anti-malarial and 
mosquito repellent species were determined by 
consulting the available literature on diaspora 
spread patterns with reference to the 
classification of (Dansereau and Lems, 1957), 
Raunkier's (1934) biological types (Masharabu, 
2011; Mouton, 1966), and the habitats of plant 
species (Havyarimana, 2020; Melly et al., 2020).   

Results  

Geographical distribution maps 
The study produced true geographical 
distribution maps using occurrence data for each 
of the 10 plant species reported as antimalarial 
and mosquito repellent in Burundi and 
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geographical distribution models. The overall 
distribution map shows that these species are 
generally present in all phytogeographical 

districts of Burundi (Figure 2). However, some 
species are absent in certain parts of the 
phytogeographical districts of Burundi.  

  

Figure 2. Actual distribution of the 10 anti-malaria and anti-mosquito flagship species in the phytogeographic districts 
of Burundi (I: Western Graben District, II: Rwanda-Burundi District, III: Afromontagnard District, IV: Mosso and 
Malagarazi District) 

The actual occurrence points of the ten species 
(Figure 3A-10A) show also that they are generally 
present in all phytogeographical districts of 
Burundi. Each of the species Gymnanthemum 
amygdalinum, Tetradenia urticifolia, Plectranthus 
barbatus, Sesbania sesban, Solanecio mannii and 
Dodonea viscosa is represented by at least one 

sample in each phytogeographical district of 
Burundi, but it should be noted that 
Gymnanthemum amygdalinum is the most 

represented species. On the other hand, some 
species do not have representative samples in all 
the phytogeographical districts of Burundi. The 

species Senna didymobotrya is not represented in 

the Western Graben and Mosso-Malagarazi 
districts. The species Markhamia lutea and 
Phytolacca dodecandra are not represented in the 

Mosso and Malagarazi districts, while the species 
Erigeron sumatrensis is absent in the Afromontane 

and Mosso and Malagarazi Districts.  

Regarding the potential spatial distribution of the 
ten species (Figure 3B-10B), the results of the 
spatial interpolation show that these species can 
be predicted in all the phytogeographical 
districts of Burundi despite the low 
representativeness of some species.  
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Figure 3. Potential distribution map (B) obtained by inverse distance weighting (IDW) using the real presence 
points of Gymnanthemum amygdalinum (A) in Burundi 
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Figure 4. Potential distribution map (B) obtained by inverse distance weighting (IDW) using real presence 
points of Tetradenia urticifolia (A) in Burundi 
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Figure 5. Potential distribution map (B) obtained by inverse distance weighting (IDW) using real presence 
points of Plectranthus barbatus (A) in Burundi 
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Figure 6. Potential distribution map (B) obtained by inverse distance weighting (IDW) using real presence 
points of Solanecio mannii (A) in Burundi 
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Figure 7. Potential distribution map (B) obtained by inverse distance weighting (IDW) using real presence 
points of Phytolacca dodecandra (A) in Burundi 
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Figure 8. Potential distribution map (B) obtained by inverse distance weighting (IDW) using real presence 
points of Dodonea viscosa (A) in Burundi 
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Figure 9. Potential distribution map (B) obtained by inverse distance weighting (IDW) using real presence 
points of Senna didymobotrya (A) in Burundi 
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Figure 10. Potential distribution map (B) obtained by inverse distance weighting (IDW) using real presence 
points of Sesbania sesban (A) in Burundi 
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Figure 11. Potential distribution map (B) obtained by inverse distance weighting (IDW) using real presence 
points of Erigeron sumatrensis (A) in Burundi 
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Figure 12. Potential distribution map (B) obtained by inverse distance weighting (IDW) using real presence 
points of Markhamia lutea (A) in Burundi 
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Geographical distribution based on literature 

Although the exact distribution of plants can only 
be understood on a very large scale, regional and 
zonal scales, but also local scales can directly 
influence the geography of vegetation 
(Alexandre et al., 1998). The establishment of the 

phytogeographical distribution (PD) allowed us 
to classify the 10 species considered in the 

phytogeographic subdivisions by considering 
the White's classification (1993). 

According to this classification we distinguish 1 
pantropical species, 1 African multi-regional 
species, 4 afrotropical species, 1 omni-Sudanese-
Zambezian species, 1 paleotropical species, 1 
Sudanese-Zambezian species with Eastern 
Ethiopian and Zambezian dominance and 1 
Sudanese-Zambezian-Guinean linkage species.  

Table 1. Phytogeographical distribution of ten flagship plant species reported as antimalarial and mosquito repellent 
in Burundi according to White's classification (1993) 

Pan: Pantropical species; Plur-Afr: African multi-
regional species; Afr-Trop: Afrotropical species; SZ: 

Omni-Sudanese-Zambezi species; Pal: Paleotropical 

species; SZ(EOZ): Sudan-Zambezi species with Eastern 
Ethiopian and Zambezi dominance; LSZ-G: Sudanese-

Zambézian and Guinean link species.

 

Table 2. Species- and habitat-specific distribution factors from the literature review 

 

Family Species DP 

Asteraceae Erigeron sumatrensis Retz. Pan 

 Gymnanthemum amygdalinum (Delile) Sch. Bip. ex Walp. Plur-Afr 

 Solanecio mannii (Hook.f.) C.Jeffrey Afr-Trop 

Bignoniaceae Markhamia lutea (Benth.) K. Schum. Afr-Trop 

Fabaceae Senna didymobotrya (Fresen.) H. S. Irwin & Barneby SZ 

 Sesbania sesban (L.) Merr.var. nubica Chiov. Pal 

Lamiaceae Plectranthus barbatus Andrews Afr-Trop 

 Tetradenia urticifolia (Baker) Phillipson Afr-Trop 

Phytolaccaceae Phytolacca dodecandra L'Hér. SZ(EOZ) 

Sapindaceae Dodonaea viscosa Jacq. LSZ-G 

Species TB TD Habitats 

Erigeron sumatrensis Retz. T Pogo 
Along roads and highways, abandoned arable 
land and field margins (Vladimirov, 2009); 
Fallows, fields, gardens (Havyarimana, 2020). 



 

16 
 

P: Phanerophytes                      Pogo: Pogonochores             Sclero : sclerochores  
Ch: Chamephytes                     Ptero : pterochores                 TB : Biological types 
T: Therophytes                          Ballo : Ballochores                  TD : Type of diaspore 

With respect to factors that may influence 
geographic distribution, species-specific factors 
such as biological type and diaspore type as well 
as ecological factors such as species habitat are 
considered in this study (Table 2). The most 
dominant biological type is the phanerophyte 
type (6 species). The therophyte (2 species) and 
champephyte (2 species) types are represented by 
the same number of species. In relation to the 
diaspore types, pogonochores (3 species) and 
ballochores (3 species) are represented by the 
same number of species, as are pterochores (2 
species) and sclerochores (2 species).  

Discussion 
 
Geographical distribution maps 
The geographical distribution maps obtained in 
this study show that the ten antimalarial and 

mosquito repellent species reported in Burundi 
are generally distributed in the Phytogeographic 
subdivision of Burundi. Considering the districts 
of Ndabaneze (1988), some deviations in 
distribution are noticeable especially in the 
Mosso and Malagarazi districts. These 
differences can be explained by the ecoclimatic 
characteristics specific to this area, which 
differentiate it from other phytogeographic 
regions of Burundi. The Moso depression is like 
a plain stretched along the Tanzanian border and 
drained by the Malagarazi, Rumpungwe and 
their tributaries (Bukuru and Rufuguta, 2013). 
This region has an ecology characteristic of the 
Zambezi zone (White, 1993) characterized by 
open forests, gallery forests, savannas and the 

Malagarazi swamp. 

Gymnanthemum amygdalinum (Delile) 

Sch. Bip. ex Walp. 
P Pogo 

Disturbed cultivated area, hillside, bush (Melly 
et al., 2020); Fields, gardens, fallow land 

(Havyarimana, 2020) 

Solanecio mannii (Hook.f.) C.Jeffrey T Pogo 

Margins of dry or evergreen forest, secondary 
forest, riparian forest, on rocky slopes in the 
bush (Melly et al., 2020); Fields, fallows, 

gardens (Havyarimana, 2020) 

Markhamia lutea (Benth.) K. Schum. P Ptéro 
Little disturbed forests, fields (Havyarimana, 
2020) 

Senna didymobotrya (Fresen.) H. S. 

Irwin & Barneby 
P Ballo 

Bushes (Melly et al., 2020); Fields, little 

disturbed forests, fallow lands (Havyarimana, 
2020) 

Sesbania sesban (L.) Merr.var. nubica 

Chiov. 
P Ballo 

Low disturbance forests, fields, gardens, fallow 
lands (Havyarimana, 2020), Forests 
(Ndayishimiye, 2011) 

Plectranthus barbatus Andrews Ch Scléro 

Bushes, rocky meadows (Melly et al., 2020); 

Low disturbance forests, fields, fallows 
(Havyarimana, 2020) 

Tetradenia urticifolia (Baker) 

Phillipson 
Ch Scléro 

Fields, fallows, gardens (Havyarimana, 2020); 
Rocky slopes (Melly et al., 2020) 

Phytolacca dodecandra L'Hér. P Ballo Low disturbance forests (Havyarimana, 2020) 

Dodonaea viscosa Jacq. P Ptéro 
Little disturbed forests, savannahs, fallows 
(Havyarimana, 2020) 
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The potential distribution of G. amygdalinum 
shows that it is widely distributed in the southern 
part of Rwanda-Urundi district, in part of 
Malagarazi district especially in Makamba 
Province. It is also widely distributed in the 
Afromontane district, especially in the provinces 
of Gitega and Karusi. Our model also shows that 
the species Gymnanthemum amygdalinum is absent 

in a large part of the southern part of the 
Rwanda-Urundi district. This could be a result of 
the low representativeness of the actual presence 
points of the species. On the other hand, previous 
work has shown that the species grows in a style 
common to ecological zones in Africa, although it 
is sensitive to drought (Bonsi et al., 1995) in 

(WAHO, 2013). As this low representativeness is 
noticed in most of the species studied, the models 
produced have limitations with respect to the 
potential distribution of the species. For the 
species T. urticifolia, it is mainly in the 

Afromontane district that shows the high 
occurrence, the northern part of the Rwanda-
Urundi district, but also in the Graben district 
notably in Bubanza Province. Subsequently, the 
species P. barbatus when it, the high occurrence 
is manifested in the district Afromontane but also 

in the northern part of the Malagarazi.  

Concerning the species S. didymobotrya, it 
reveals the strong occurrence in particular in 
more than three quarters of the whole territory 
because it is only in the North especially the 
pressures of the North and a small part of the 
depressions of the East in its northern 
termination where one notes the very weak 
occurrence tending even towards the absence. 
The species S. sesban as for it shows the strong 
occurrence in the center in and center East that is 
to say in the provinces of Gitega, Muramvya, 
Rutana and Kayanza, that is in a zone 
overlapping all the districts. However, it is also 
widely distributed in the northern part of the 
northern depressions, especially in the provinces 
of Kirundo and Muyinga. The species S. manii 
does not show any particular contrast of 
occurrence except in a small area within the 
Rwanda-Urundi District more precisely in the 
Kibira Park. P. dodecandra, on the other hand, 
generally shows high occurrence in the rest of the 
districts except in Mosso-Malagarazi District 
where it shows medium occurrence. Contrary to 
some works (WAHO, 2013) which showed that 

Phytolacca dodecandra species is encountered in 

forest, forest edge, riparian forest, thickets, wetter 
groves, along cropland fences and around 
houses, on mountain slopes and in open fields at 
1500-3000 m altitude, the potential distribution 
model produced in this work shows that this 
species can be predicted even in low altitudes 
(<1000 m). The Viscosa species when it shows a 
high occurrence in the southern part of Rwanda-
Urundi and Mosso-Malagarazi districts. As for E. 
sumatrensis, it is strongly distributed in the 
North and North-West, moderately distributed 
in Mosso-Malagarazi and weakly distributed in 
the West. Finally, M. lutea is moderately 
distributed everywhere but is strongly 

distributed in the northern depressions.  

Finally, we note that the districts of Rwanda-
Urundi, Afromontagnard but also Mosso-
Malagarazi is the districts of high occurrence for 
all species studied, this coincides with the areas 
containing most of the protected areas and parks 
(Ndayishimiye, 2011) in other areas, we note that 
these are highly anthropized areas where the 
need to focus efforts of domestication or 

conservation.  

Geographical distribution and its factors 
This study shows that seven of the ten species 
reported as antimalarial and/or mosquito 
repellent in Burundi belong to the category of 
widely distributed species. These include the 
species Erigeron sumatrensis Retz., 
Gymnanthemum amygdalinum (Delile) Sch. Bip. ex 
Walp., Solanecio mannii (Hook.f.) C. Jeffrey, 
Markhamia lutea (Benth.) K. Schum., Sesbania 
sesban (L.) Merr.var. nubica Chiov, Plectranthus 
barbatus Andrews and Tetradenia urticifolia 

(Baker) Phillipson. Les trois espèces restantes 
notamment Senna didymobotrya (Fresen.) H. S. 
Irwin and Barneby, Phytolacca dodecandra L'Hér. 
and Dodonaea viscosa Jacq. are linkage species and 

therefore are not widely distributed. 
 

The biological types represented in the species 
studied are phanerophytes, therophytes and 
chamephytes. The available literature on the 
distribution of species according to their 
biological types shows that phanerophytes are 
dominant in the peripheral fallows of Bururi and 
Kigwena forests and that the chamephytic trend 
is observed in the Imbo plain while therophytes 
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are more observed in the savannahs of Ruvubu 
(Bangirinama et al., 2011). The study of diaspora 

types shows the dominance of pogonochores and 
ballochores in the plants studied. However, 
previous work has shown that on a small scale, 
species may not occupy the entire space of their 
ecological niche, simply because of the vagaries 
of the evolution of the flora and fauna associated 
with their spread (Génin, 1995).  

Diaspora dispersal patterns are very important in 
terms of geographic distribution because a 
species can only expand its range when 
individuals are able to disperse to a new region 
and then tolerate the new abiotic and biotic 
conditions encountered (Silva, 2016). On the 
other hand, the habitats of these species are 
varied. They are encountered in minimally or 
heavily anthropized habitats typically disturbed 
cultivated areas, secondary bush forests, fields, 
gardens, and fallow lands (Bangirinama et al., 
2011; Havyarimana, 2020; Melly et al., 2020). The 
presence of these species in a variety of 
environments is an important indicator of their 
potential for development over a large part of the 
country. Because each conservation issue is 
unique to the environment and the people who 
manage and use the space (Marage, 2006), it is 
important to consider the conditions in each 
locality. 

 

 

Conclusion and recommendations 

This study of the geographical distribution of ten 
key plant species reported as antimalarial and 
mosquito repellent in Burundi highlighted areas 
of high and low occurrence. The results show that 
the potential distribution areas of these species 
are generally wide. Differences in distribution in 
some parts of Burundi are due to ecological 
conditions in certain districts. The species that 
were the subject of this study are present in 
multiple and varied environments, and have the 
potential to be cultivated throughout the country. 
However, additional studies will have to be 
conducted before the initiation of cultivation 
programs. In perspective, the distribution 
models obtained in this study can be used to 
predict potential sites for the cultivation of 
endangered species or in case of programs 
aiming at increasing the production of vegetable 
matter, especially for vegetable oil extraction 
units. This is also of interest for the management 
and development of plant resources in an 
environmental context marked by strong 
anthropic pressure and climate change. 

Acknowledgement 

The work was carried out with the financial 
support from International Center of Insect 
Physiology and Ecology (ICIPE), through the 
BioInnovate Africa Program funded by Swedish 
International Development Cooperation Agency 
(Sida) (Grant Contribution ID No.51050076).

References 

Alexandre, F., Génin, A., Godron, M., & 
Lecompte, M. (1998). Distribution des 
plantes et organisation de la vegetation. 
Espace Geographique, 27(3), 228–238. 

https://doi.org/10.3406/spgeo.1998.1163 

Bangirinama, M. J., Bigendako, M. J., 
Havyarimana, F., & Bogaert, J. (2011). 
Analyse de la flore des jachères du Burundi. 
Bull. Sci. Inst. Natl. Environ. Conserv. Nat., 
6973(10), 1–19. 

https://orbi.uliege.be/bitstream/2268/14
4447/1/document-du-bulletin-ndeg-10 
(2).pdf 

 

Boman, G. K., Molz, F. J., & Güven, O. (1995). An 
Evaluation of Interpolation Methodologies 
for Generating Three‐Dimensional 
Hydraulic Property Distributions from 
Measured Data. In Groundwater (Vol. 33, 

Issue 2, pp. 247–258). 
https://doi.org/10.1111/j.1745-
6584.1995.tb00279.x 

Bukuru, J. M., & Rufuguta, E. (2013). Fiche 
descriptive sur les zones humides Ramsar - 
version 2009-2014. 

http://www.ramsar.org/pdf/ris/key_ris_
f.pdf%0ACatégories 

Dansereau, P., & Lems, K. (1957). The grading of 
dispersal types in plant communities and 



 

19 
 

their ecological significance. Contributions 
de L’Institut Botanique de L’Université de 
Montreal, 71(1), 1–52. 

Deltares. (2020). Etat des lieux des services 
hydrologiques et météorologiques du Burundi 
(p. 84). Banque Mondiale. 
https://www.gfdrr.org/sites/default/file
s/publication/CEEAC Etat lieux 
Hydromet & SAP Rapport de synthèse 
2020.pdf 

Dirks, K. N., Hay, J. E., Stow, C. D., & Harris, D. 
(1998). High-resolution studies of rainfall 
on Norfolk Island. Part II: Interpolation of 
rainfall data. Journal of Hydrology, 263(1–4), 

156–176. https://doi.org/10.1016/S0022-
1694(02)00057-4 

Génin, A. (1995). Les Contacts entre domaines 
phytoclimatiques. Exemple de la bordure 
cévenole (Vol. 25, p. 184). Université Paris 

VII-DenisDiderot: Trav. du Lab. de 
Géographie physique. 

Gotway, C. A., Ferguson, R. B., Hergert, G. W., & 
Peterson, T. A. (1996). Comparison of 
Kriging and Inverse-Distance Methods for 
Mapping Soil Parameters. Soil Science 
Society of America Journal, 60(4), 1237–1247. 

https://doi.org/10.2136/sssaj1996.0361599
5006000040040x 

Havyarimana, C. (2020). Plantes anti-malaria et 
anti-moustiques au Burundi : Ethnobotanique 
et perspectives de conservation (p. 61). 

Mémoire de Master, Université du Burundi. 
https://www.academia.edu/Documents/i
n/Botanique_ecologie_biologie_de_la_con
servation 

Kumar, S., & Stohlgren, T. J. (2009). Maxent 
modeling for predicting suitable habitat for 
threatened and endangered tree 
Canacomyrica monticola in New 
Caledonia. Journal of Ecology and Natural 
Environment, 1(4), 094–098. 

http://www.academicjournals.org/JENE 

Linder, H. P., & Rudall, P. J. (2005). Evolutionary 
history of poales. Annual Review of Ecology, 
Evolution, and Systematics, 36, 107–124. 

https://doi.org/10.1146/annurev.ecolsys.
36.102403.135635 

Mahamoud, C. M., & Akpo, L. E. (2018). Effet des 

facteurs environnementaux sur la 
structuration de la flore ligneuse du 
Karthala (Grande-Comore, Océan indien). 
VertigO-La Revue Électronique En Sciences de 
l’environnement, 18(1), 21. 
https://doi.org/10.4000/vertigo.20211 

Marage, D. (2006). Déterminisme, dynamique et 
modélisation spatiale de la diversité 
floristique dans un contexte de déprise 
pastorale: Application à la gestion durable 
des espaces montagnards sous influence 
méditerranéenne. Acta Botanica Gallica, 
153(2), 257–264. 

https://doi.org/10.1080/12538078.2006.10
515542 

Masharabu, T. (2011). Flore et végétation du Parc 
National de la Ruvubu au Burundi : diversité , 
structure et implications pour la conservation 

(p. 222). 

Melly, D. K., Kipkoech, S., Muema, B. W., Kamau, 
P., Malombe, I., Hu, G., & Wang, Q. F. 
(2020). An annotated checklist of the 
vascular flora of South and North Nandi 
Forests, Kenya. PhytoKeys, 155, 87–139. 
https://doi.org/10.3897/PHYTOKEYS.155
.51966 

Mouton, J. A. (1966). Les types biologiques 
foliaires de Raunkiaer. Etat actuel de la 
question. Bulletin de La Societe Botanique de 
France, 113, 28–36. 

https://doi.org/10.1080/00378941.1966.10
838471 

Ndabaneze, P. (1988). The mountain flora of 
Burundi. Mountain Research and 
Development, 8(2/3), 223–226. 

http://www.jstor.org/stable/3673451 

Ndayishimiye, J. (2011). Catalogue préliminaire 
des Fabaceae du Burundi. In Diversité , 
endémisme , géographie et conservation des 
Fabaceae de l ’ Afrique Centrale Diversité , 
endémisme , géographie et conservation des 
Fabaceae de l ’ Afrique Centrale (p. 109). 

Nzigidahera, B. (2012). Description du Burundi : 
Aspects physiques (pp. 1–10). MINEAGRIE, 
ex. MINAGRIE. 

Olson, D. M., Dinerstein, E., Wikramanayake, E. 
D., Burgess, N. D., Powell, G. V. N., 
Underwood, E. C., D’Amico, J. A., Itoua, I., 



 

20 
 

Strand, H. E., Morrison, J. C., Loucks, C. J., 
Allnutt, T. F., Ricketts, T. H., Kura, Y., 
Lamoreux, J. F., Wettengel, W. W., Hedao, 
P., & Kassem, K. R. (2001). Terrestrial 
ecoregions of the world: A new map of life 
on Earth. BioScience, 51(11), 933–938. 

https://doi.org/10.1641/0006-
3568(2001)051[0933:TEOTWA]2.0.CO;2 

OOAS. (2013). La pharmacopée des plantes 
médecinales de l’Afriqiue de l’Ouest. 254. 

https://www.wahooas.org/web-
ooas/sites/default/files/publications/218
5/la-pharmacopee-des-plantes-
medicinales-de-lafrique-de-louestok.pdf 

Phillips, S. B., Aneja, V. P., Kang, D., & Arya, S. P. 
(2006). Modelling and analysis of the 
atmospheric nitrogen deposition in North 
Carolina. International Journal of Global 
Environmental Issues, 6(2–3), 231–252. 

https://doi.org/10.1016/j.ecolmodel.2005.
03.026 

Roberts, A. E. (2001). Sampling and modeling plant 
infestations : alternatives for identifying 
invasive plant distributions in rangeland 

environments. 

Shekhar, S., & Xiong, H. (2008). Inverse Distance 
Weighting. Encyclopedia of GIS, May, 600–
600. 
https://www.researchgate.net/publicatio
n/235735857_INVERSE_DISTANCE_WEI
GHTING_REVISITED/link/0912f512fba31
54c97000000/download 

Silva, R. H. Da. (2016). Facteurs écologiques et 
évolutifs influençant les dynamiques d’aire de 
répartition géographique des espèces et leurs 
effets sur les patrons de biodiversité à large 
échelle (p. 221). 
http://www.archipel.uqam.ca/8780/ 

Vladimirov, V. (2009). Erigeron sumatrensis ( 
Asteraceae ): a recently recognized alien 
species in the Bulgarian flora. Forestry, 
15(3), 361–365. 

White, F. (1993). The AETFAT Chorological 
Classification of Africa: History, Methods 
and Applications. Bulletin Du Jardin 
Botanique National de Belgique / Bulletin van 
de National Plantentuin van België, 62(1/4), 

225. https://doi.org/10.2307/3668279 

 

 


