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ABSTRACT

Bush fire is one of the drivers of biodiversity loss worldwide. However, the impact of bush fires on biodiversity in
the West Africa Sahel is not well documented. Therefore, this study reviewed the effects of bush fires on biodiversity, the
typology of the bush fire drivers and bush fires solutions in the West Africa Sahel via a systematic review. The authors
used many research engines such as Google Scholar and Mendeley from 2010 to 2022 with some keywords in French
and English. It comes from the analysis of the data that Mali is the most country affected by bush fires with an average of
35,000,000 ha burned. In Burkina Faso, bush fires burned more than 2 million hectares each year. The analysis showed
also a loss of 1,675,157 ha in Niger and 56,568.10 ha in Senegal. The study recommends that climate actions should
target bush fires prevention and fighting as climate response in order to promote sustainable biodiversity management
in the West Africa Sahel. The study recommends also that West Africa Sahel countries develop bushfire community
education programs for fire prevention.
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fects on water processes such as increased runoff,
low infiltration, high evaporation, and clogging of
lowlands as well as disruption of the environment’s
capacity to replenish *). The problem of these fires
has long fascinated the scientific world. For many
authors, scientists and managers, especially those
in charge of the conservation of “natural” areas, fire
was considered a scourge and posed a great threat
to vegetation . Bush fires pose increasingly signif-
icant challenges to such an extent that even devel-
oped countries are extremely concerned about their
frequency as well as the extent of the material and
human damage for which they are responsible .
Flames ravage more than 350 million hectares of
wooded land, wasteland and crops each year in the
world . Indeed, in 2018 in the western United
States, a fire cost the lives of a hundred people and
caused 24 billion in material damage . According
to Ahouangan BD ', more than 80% and 90% of
dry biomass lands are set on fire during the passage
of fires each year in the Sahel. Bushfires are among
the factors that contribute to the degradation of nat-
ural resources in the Sahelian zones. According to
Fournier, Anne ", each year in Africa, savannahs
continue to burn. In West Africa, the daily use of fire
in agricultural and pastoral activities as well as in
domestic activities are the main factors in the out-
break of fires *'. In Niger, pastoral areas are the most
exposed to the risks of bush fires. For the year 2021,
in the north of the Nigerien territory, twenty-seven
(27) cases of bush fires are reported destroying ap-
proximately 11,000 ha . According to the report ¥/,
more than 12,900 hectares consumed have gone up
in smoke, i.e. biomass in terms of grazing of 6,400
tonnes of dry matter following a series of 32 cases of
bush fire recorded in the pastoral zone of the region .
Several studies on bush fires have been done around
the world such as the effect of fires on soils, indices
of fire intensity in African savannahs, and fire dy-
namics in protected areas. But there are not many
synthesis studies on the situation of bush fires on
biodiversity in the Sahel. The aim of the study is to
determine the impacts of bush fires on biodiversity
in the West African Sahel.
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2. Materials and methods

2.1 Location of the area study

Stretching from the Atlantic to the Red Sea, the
West African Sahel includes five countries including
Niger, Burkina Faso, Mali, Mauritania and Senegal
(Figure 1). It is a strip of Africa marking both the
floristic and climatic transition.
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Figure 1. Map of the location of the area study.

This zone is characterized by a hot arid and
semi-arid climate marked by very high temperatures
with an annual average of between 28 and 30 °C and
maxima that can reach 45 °C during the period April
to June "

The year is marked by two seasons: A short rainy
season from June to September with rainfall ranging
from 600 to 150 mm and a long dry season from Oc-
tober to May.

This area is characterized by two types of winds:
the harmattan, a hot and dry wind from the north or
north-east, which blows during the dry season, and
the monsoon from the Atlantic Ocean from the south
or south-west, which blows for a short period (about
3 months) "', The vegetation is distinct from that of
other dry lands. They are dominated by trees, shrubs
and grassy savannahs in general.

2.2 Data collection methods

Preliminary work was carried out to gather all the
documentation necessary for the study. This stage of
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appropriation of the theme consisted, at first, of the
collection and exploitation of documents relating to
the theme in order to better understand it, to identify
the problem. It was carried out through documen-
tation (theses, technical reports, articles, etc.). Re-
search is carried out in all structures likely to provide
useful information for the study, including libraries
and websites (Google Scholar, Mendeley, journal
sites such as Elsevier and Springer, local websites
such as for the NGOs, ministries, etc.).

2.3 Data analysis

This phase consists of summarizing and analyzing
the data. As part of the processing, we classified the
data by country because of the unavailability of data in
some countries in the study area. We used Excel soft-
ware for processing and Word software for data entry.

3. Results

3.1 Bush fires in West Africa Sahel

Figure 2 shows the areas per hectare burned in
the West Africa Sahel during a decade. It comes from
the analysis of the data that Mali is the most country
affected by bush fires with an average of 35,000,000
ha burned. Burkina Faso is also affected because
bush fires burned more than 2 million hectares each
year. The figure shows also the loss of 1,675,157 ha
in Niger and 56,568.10 ha in Senegal.

3.2 Bushfire situation in West Africa Sahel countries

Niger

In Niger, apart from the various climate-related
problems, the populations often face cases of bush
fires which cause a lot of devastation (Figure 3).
The department of the Abalak region of Tahoua ex-
perienced a terrible bush fire in 2021 that ravaged
nearly 100 thousand ha of fodder "', In total 112,333
hectares have been consumed following the fires
recorded in 24 localities of the department (Table
1). The department of Abalak is not the only one
affected by these bush fires, the authorities of the
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region of Maradi whose department of Bermo was
affected express their concerns about this situation.
According to the regional director of the Maradi re-
gion, nearly 900 hectares were set ablaze by the bush
fire in the department of Bermo ' (Table 1). In the
Zinder region in October 2018, 83,300 hectares were
burned "?. In the Ingall department, Agadez region,
there too some 500 hectares of fodder went up in
smoke. In fact, from 2015 to 2020, 597 cases of bush
fires were recorded throughout the national terri-
tory, thus consuming 346,527 hectares of pasture,
thereby causing a shortfall in the fodder balance that
each compensates by buying animal feed. In four
(4) years, 2,928 km of firebreak strips have been
made, and 492 tonnes of straw have been collected.
In 2010, before the intervention of the project, bush
fires in the three regions of intervention devastated
12,064 hectares. In 2012, only 2,692 ha were de-
stroyed. In 2013-2014, the operation was carried
out in the rural commune of Falwel, in the region of
Dosso. On 180 km of firewall strips, 32 tonnes of
straw were collected.
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Figure 2. Average areas (per ha) burned in West Africa Sahel
from 2010 to 2020.

According to statistical data from the Ministry
of the Environment, over the decade 2010 to 2021,
1,273 cases of bush fires were recorded in Niger
causing 1,675,157 hectares of pasture consumed, i.e.
139,596 hectares on average each year.

Mali

In Mali, bush fires are one of the main factors of
deforestation and the degradation of natural resourc-
es (Figure 4). Each year, between 60,000 and 80,000
forest fires break out, destroying between 3 and 10
million hectares . In April 2017, 1300 hectares
were burned by fire at the military camp in Gironde.
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4,473,292 hectares is the number of areas devastat-
ed by fire in 2019 in Mali. In 2018, the number was
3,459,883 hectares burned. Kayes is still the region
that pays the heavy price in the annual document
presented by the head of management of Sifor dur-
ing his meeting with the press on forests and forest
resources status and challenges for the national
economy. Koulikoro follows it. Indeed, out of the
total number of areas burned, the first and second ad-
ministrative regions recorded respectively 2,186,708
and 1,166,963 hectares ravaged by bush fires in 2019
alone.

Figure 3. Bush fires in Niger.

Source: Studio kalangou, 2021.

Table 1. Bush fires in some regions in Niger from 2018 to 2021.

Regions Areas burned per ha
Agadez 500

Dosso -

Maradi 900

Tahoua 112,333

Zinder 83,300

The two localities also occupy the top of the list
of the results of 2018 and 2017. The areas affected
are the circles of Kita, Bafoulabé, Kéniéba, Bou-
gouni, Konlondiéba, Yanfolia, Kadiolo... With an
annual average of 3 to 3.5 million hectares razed by
fire since 2008, Mali, over the past three years, has
exceeded this milestone. From 4,099,059 hectares
burned in 2017, the country increased to 4,473,292
hectares in 2019. Figure 5 shows the evolution of
bush fires in Mali from 2010 to 2019 ",

Figure 4. Bush fires in Mali.

Source: Julia, 2018.
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Figure 5. Evolution of bush fires in Mali from 2010 to 2019.

Source: Mali horizon.
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Mauritania

According to the Minister of Environment and
Sustainable Development Marieme Bekay, pasture
fires and bush fires in Mauritania cause considerable
losses annually estimated at 750 million MRU, i.e.
the loss of 50,000 and 300,000 hectares. The Minis-
ter added that during the year 2020, 8,000 kilometers
of firewalls will be built, including 6,600 km of old
firewalls which will be rehabilitated.

Bush fires in Mauritania devastate some 300,000
hectares of pasture per year, corresponding to finan-
cial losses amounting to 6.3-billion-ouguiya MRU
(166 million dollars). Bush fires ravaged 300,000 ha
of pastures in 2020 ",

The analysis of the situation of bush fires in
Mauritania shows that over the past 10 years (2010-
2020), nearly 757 bush fires have damaged 1,210,659
hectares of pastures. I.e. an average of 50,000 ha to
200,000 per year in the country’s seven agro-syl-
vo-pastoral Wilayas depending on the season, with
a maximum in 2010 (330,205 ha) and a minimum
in 2011 (18,230 ha). This situation leads to an eco-
nomic loss of approximately 6.27 billion MRU in
livestock feed equivalent "*. Figure 6 presents the
annual number of fires and bush fires recorded from
2008 to 2019.
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Figure 6. Annual number of fires and bush fires recorded 2008-
2019.

Senegal

Since 1970 Senegal has been losing 80,000 ha
of its plant cover every year " (Figure 7). The to-
tal surface area of forests in Senegal is decreasing
by 45,000 ha/year according to the FAO "%, due to
the mode of logging, agricultural clearing, unsus-
tainable pastoral practices and above all bush fires.
The frequencies and areas burned are very remark-
able during years of good rainfall with a maximum
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of 3,100,000 hectares in 1976, and a minimum of
364,022 hectares in 1989 and 449,792 ha in 1994.
The statistics for the 2017-2018 season are 535,546
hectares of gross area burned compared to 493,768
hectares for the previous season, i.e. a relative in-
crease of 8%. The share occupied by bush fires is
246,951 hectares.

The region most affected by fires before the ap-
plication of the Spatio-temporal mask is that of Tam-
bacounda with 245,554 hectares; it is followed by far
by the regions of Kédougou and Kolda with respec-
tively 122,156 hectares and 69,434 ha; i.e. in relative
value 46%, 23% and 13% of the total areas burned at
the national level. Then come the regions of Sédhiou
(36,716 ha) and Ziguinchor (25,546 ha) with respec-
tive relative values of 7% and 5%. The five regions
of the south and south-east recorded more than 92%
of the burned areas of Senegal """

In 2018-2019, it had 38 cases of bush fires for
1622 hectares burned. In the 2019-2020 campaign, it
had 58 cases of bush fires for 2,453 hectares burned.
Since the start of the bushfire control campaign on
October 18, 2020, Senegal has recorded 284 cases
of fires for a burned area of 17,901 hectares. The
Matam region and Saint-Louis are the most affect-
ed regions. Matam recorded 43 cases for an area
of 7,940 hectares burned and Saint-Louis 19 cases
for 4,271 hectares reduced to ashes "%, However, a
downward trend in cases of fires and burned areas is
noted, because, in November 2020, the forest service
had noted 147 cases for an area of 7,442 hectares
against 114 cases for a burned area of 3,107 hectares
in December, i.e. a decrease of 33 cases and 4,334
hectares of area burned. A total of 11 outbreaks of
fires affecting a total area of 5,249 ha have been
recorded in the regions of Louga, Saint-Louis and
Matam. Figure 8 shows the areas burned per ha from
2002 to 2018 according to SREF Kolda in 2018.
Burkina Faso

In Burkina Faso, bush fires are among the main
environmental problems. Thanks to the teams on the
ground, the National Observatory for Sustainable
Development is mapping the areas affected by the
bush fire phenomenon. More than 2 million hectares
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are affected on average each year in Burkina Faso
by bush fires "*. “Out of the 13 regions of Burkina,
there are up to eight that are affected by this phe-
nomenon, six of which are mainly”.

Figure 7. Bush fires in Senegal.

Source: Ousmane, 2018.
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Figure 8. Areas burned per ha from 2002 to 2018.

Source: SREF Kolda, 2018.

3.3 Types of bush fires

In the Sahel, there are generally two categories
of fire depending on the season. Early fires occur at
the beginning of the dry season between October and
November, while late fires occur at the end of the dry
season, when most annuals and perennial grasses are
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dry. Early fires have minor destructive effects and
late fires reduce tree density and diversity '*.

The timing and frequency of bush fires are there-
fore considered important bushfire variables that af-
fect severity ",

Indeed, fire, whether early or late, alters surface
conditions and sensitizes the soil to degradation and
erosion ”. Figure 9 presents the estimation of the
percentage of the volume of wood (m’/ha) destroyed
in Senegal.
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Figure 9. Estimation of the percentage of the volume of wood
(m’/ha) destroyed in Senegal.

In the south-central of Burkina Faso " a study
was carried out on the effect of fire on the eight-dom-
inant species (4Acacia dudgeonii, Annona. senegalen-
sis, Combretum collinum, Combretum glutinosum,
Detarium microcarpum, Pteleopsis suberosa, Termi-
nalia paradoxa) during late fire (9 February 2003).
It comes from the evaluation that; a late fire burnt all
the grasses and forbs in the area. Despite the fact that
the period was favourable for the spread of fire, few
observations (less than 1%) show the damage of the
entire stem burnt. On the other hand, more than 10%
of the plants were affected by branches burnt. The
proportion of plants affected by leaf, fruit or flowers
burnt was less in late fire than in early, while in con-
trast this proportion is higher for fire burnt the under-
growth but no effect was observed on the plant with
the late fire. The most affected species is with more
than Annona senegalensis 50% of its population
showing burnt branches. Stem mortality was also
recorded amongst plants and as Annona senegalensis
Terminalia avicennioides, shown in Figures 6 and 8.
It can be noted that stem mortality does not necessar-
ily lead to the killing of the entire tree. In most cases,
the root system stays alive and produces new shoots
later.
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Early fire causes minor harmful effects to the
woody species. The leaf, fruit or flower burnt effects
concerned 50% of the plants. Visually we could esti-
mate that 80% of the standing grass biomass was not
burnt due to the high moisture content (29%).

3.4 Drivers of bush fire and its effects on bio-
diversity

In West Africa and the Sahel, bush fires are seen
as a vital and natural component of some forest eco-
systems. For thousands of years, humans have used
fire as a land management tool to maintain ecosys-
tems, allow regeneration and remove debris **. Usu-
ally, bush fires are divided into two categories: those
of natural origin and those of human-caused origin.
Natural fires are rare, and people initiate almost all
the fires. A common cause is fire escaping from the
control of farmers, honey collectors, potassium pro-
ducers and charcoal makers, or from bush camps
where the fire is not handled with sufficient care. It
is also common that fire is used to try to protect the
environment from reptiles or from thieves, to reno-
vate pasture, in hunting, or for other reasons. Fire is
also used in various ways in traditional ceremonies
and rituals. Both women and men start uncontrolled
fires, as well as children who handle fire careless-
ly *). Therefore, bush fires caused by humans are
mainly for clearing land for agriculture and income.
Clearing land for agriculture was more important in
tree-savanna. With regard to the species targeted, for
charcoal production, these were Burkea africana,
Lophira lanceolata and Detarium microcarpum .

It is important to remember that fire is a vital and
natural part of some forest ecosystems, and that hu-
mans have used fire for thousands of years as a land
management tool to maintain ecosystems, allow re-
generation and clear debris **'. Fires are increasingly
damaging the world’s forests, impacting ecosystem
processes and shaping landscapes. The plants, ani-
mals, insects, and fungi that form a vegetation patch
before a fire may not be the same species that recol-
onize it afterwards. Certain species respond well to
fire, not necessarily as adaptations, but due to life-
form and reproductive opportunities. These spe-
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cies are becoming more dominant in areas that are
frequently affected by bush fires “*. In short, bush
fires are usually due to the negligence of people who
light fires in the bush and fail to extinguish them af-
terwards, or smokers who throw their cigarette butts
into nature. In addition, very rarely by lightning in
the West Africa Sahel. But the terrorist activities
have been also reported as the driver of the bush fires
in the West Africa Sahel.
Effects of bushfire on fauna

Apart from the effect on forest vegetation, fire
can have a significant impact on forest vertebrates
and invertebrates **). The direct effect of fire on
forest fauna is death. Indirect effects of fires are
far-reaching and longer term and include stress, loss
of habitat, territories, shelter and food, cause the dis-
placement of territorial birds and mammals, which
may upset the local, balance and ultimately result in
the loss of wildlife, since displaced individuals have
nowhere to go. The loss of key organisms in forest
ecosystems, such as invertebrates, pollinators and
decomposers, can significantly slow the recovery
rate of the forest .
Effects of bushfire on flora

Many mature and immature forest trees are killed
by high intensity fires annually coral reefs, reduce
visibility to near zero, impact plant and animal spe-
cies functioning and detrimentally impact the health
and livelihoods of the human population *”. Smoke
from fires can significantly reduce photosynthetic
activity **. Loss of food trees reduces the carrying
capacity of the forest, causing overall decline in spe-
cies that rely on fruits for food, this is especially true
in tropical forests. The destruction of standing cavity
trees as well as dead logs on the ground affects most
small mammal species and cavity-nesting birds ).
The analyses carried out show that the savannah’s
zone of Ndikinimeki (Cameroon), is characterized
by three different facies: burning savannahs, grazing
savannahs and undegraded savannahs. The presence
of these facies in the Ndikinimeki savannahs is due
to the bushfires regularly used during agriculture and
cattle rearing "',
Frequent bush fires will reduce the rate of recruit-
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ment in tree populations, and most seedlings will not
have the chance to grow into big trees although with
some species the heat provided by the fire breaks the
dormancy of the seeds and favours good germination '\,
Effects of bushfire on soils

Bush fire can become destructive to plant resourc-
es when the fire regime is not controlled.

Young plants can be killed and fruit setting can be
inhibited by severe fire. Frequent bush fires will re-
duce the rate of recruitment in tree populations, and
most seedlings will not have a chance to grow into
big trees although with some species the heat provid-
ed by the fire breaks the dormancy of the seeds and
favours good germination. Leguminosae seeds had a

good germination rate after fire .

4. Discussion

Bush fire is a major risk to biodiversity and an
environmental constraint. The consequences of fires
are the loss of fodder yield, environmental pollution
and the destruction of dwellings. The analysis of
bush fires in the West Africa Sahel shows a variation
in impacts from one country to another. Mali is the
most affected country with a variation in the areas
burned depending on the year. Studies made by Issa
GARBA " also show that in Mali, the total cumula-
tive number of fire occurrences is up 7% compared
to the average of the last 5 years, !
firms the frequency of fires and their consequences
on forests, especially in the Kayes region. It emerges
from the analysis that apart from human actions,
climatic factors are also responsible for bush fires.
These results are identical to those of Darwich, T. **
who show that the consequences of forest fires are
the modification of biodiversity, air, water and soil
pollution and global warming. However, according
to Issa GARBA " the trend of active fires during the
2019/2020 season in all West African and Sahelian
countries is down, around 2% compared to the av-

and also con-

erage in the last 5 years. Its results show a decrease
in fires, especially in the Sahelian countries where
the vegetation is not compact. It specifies that the
decreases are observed in the south-east of Senegal,
in the extreme west of Mali, in Guinea, the north of
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Sierra Leone, the north-east of the Ivory Coast, the
northern half of Ghana, and a good part of Togo. The
W Park area of the three countries (Benin, Burkina,
Niger), the south and the extreme north-east of Nige-
ria and the south of Chad.

5. Conclusions

Bush fires affect diversity in the West Africa
Sahel with many consequences such as the loss of
biodiversity, habitat destruction, pastoral biomass
burning, ecosystems degradation and mortality of
animals and plant species. However, many actions
are taken as bush fires management strategies in the
West Africa Sahel such as the use of fire-breaks, en-
vironmental law enforcement, early warning system,
bushfire education and environmental patrol. Our
study recommends further studies, which will quan-
tify the effects of species, genetic and ecosystem
diversity in the West Africa Sahel.

Conflict of Interest

There 1s no conflict of interest.

References

[1] Garba, I., Abdou Amadou, S., Barry, B., et al.,
2021. Suivi des feux de brousse en Afrique de
I’Ouest et au Sahel, un outil d’aide a la décision
(French) [Monitoring bush fires in West Africa
and the Sahel, a decision support tool]. Interna-
tional Journal of Biological and Chemical Sci-
ences. 15(6), 2636-2651.

DOI: https://dx.doi.org/10.4314/ijbcs.v1516.30
Mbow, C., 2004. Rapport sur les feux de brous-
se au Sénégal pour la saison séche de novembre
2003 a mars 2004 (French) [Report on Bush
Fires in Senegal for the Dry Season from No-
vember 2003 to March 2004] [Internet].
Université Cheikh Anta Diop de Dakar (UCAD).
Available from: https://gfmc.online/globalnet-
works/africa/Senegal-Rapport-Feux-2003-2004.
pdf

[3] Aubréville, A., 1949. Climats, foréts et désertifi-

[2]


https://dx.doi.org/10.4314/ijbcs.v15i6.30
https://gfmc.online/globalnetworks/africa/Senegal-Rapport-Feux-2003-2004.pdf
https://gfmc.online/globalnetworks/africa/Senegal-Rapport-Feux-2003-2004.pdf
https://gfmc.online/globalnetworks/africa/Senegal-Rapport-Feux-2003-2004.pdf

Research in Ecology | Volume 05 | Issue 02 | June 2023

[7]

cation de I’ Afrique tropicale (French) [Climates,
forests and desertification of tropical Africa].
Société d’éditions géographiques, maritimes et
coloniales: Paris. pp. 345-351. Available from:
https://bibliotheques.mnhn.fr/medias/detailstat-
ic.aspx?INSTANCE=EXPLOITATION&RSC _
BASE=HORIZON&RSC DOCID=21363

Sarr M.-A., Faye G., Beye G., Ndione J.-A. Et
Codjia C., 2015. Utilisation des données modis
et de spot pour I’analyse de la dynamique de
deux territoires : (réserve protégée) et (unités
pastorales) au Ferlo (Sénégal) (French) [Use
of modis and spot data for the analysis of the
dynamics of two territories: (protected reserve)
and (pastoral units) in Ferlo (Senegal)]. XX-
Vllle Colloque de 1’Association Internationale
de Climatologie: Liege. pp. 73-77.

Kganyago, M., Shikwambana, L., 2020. As-
sessment of the characteristics of recent major
wildfires in the USA, Australia and Brazil in
2018-2019 using multi-source satellite products.
Remote Sensing. 12(11), 1803.

DOI: https://doi.org/10.3390/rs12111803
Ahouangan, B.D., Houinato, M., Ahamide, B.,
et al., 2010. Etude comparative de la productiv-
ité de repousses et de la capacité de charge des
hémicryptophytes soumises aux feux de végéta-
tion dans les parcelles irriguées et non irriguées
dans la Réserve Transfrontaliere de Biosphere
(RTB) du W-Benin (French) [Comparative study
of the productivity of regrowth and the carrying
capacity of hemicryptophytes subjected to veg-
etation fires in irrigated and non-irrigated plots
in the Cross-Border Biosphere Reserve (RTB)
of W-Benin]. International Journal of Biological
and Chemical Sciences. 4(2), 479-490.

DOI: https://doi.org/10.4314/ijbcs.v4i2.58157
Fournier, A., Yameogo, U., 2009. Pourquoi et
comment utiliser le feu comme outil de gestion
en savane, in la gestion des espaces (French)
[Why and how to use fire as a management tool
in the savannah, in the management of spaces].
Manuel de Gestion des Aires Protégées d’Af-
rique Francophone. 509-514.

48

[8] Dolidon, H., Ballouche, A., 2007. Le suivi
spatio-temporel des feux de brousse. Un outil
révélateur de I’état du couvert végétal en Af-
rique de 1’Ouest, espaces tropicaux et risques du
local au global (French) [Spatio-temporal mon-
itoring of bush fires. A tool revealing the state
of the vegetation cover in West Africa, tropical
areas and risks from local to global]. Actes de
Seémes journées de Géographie tropicale. 409-
418.

[9] Mamadou, 1., 2023. Savoirs locaux sur les ris-

ques de feux de brousse dans la commune de

tesker (French) [Local Knowledge on the Risks
of Bush Fires in the Commune of Tesker]

[Internet]. Région de Zinder au Niger. Available

from: http://www.rjgeo.ro/issues/revue%20rou-

maine%2067_1/i%20mamadou.pdf

[10]Powell, J.M., Fernandez-Rivera, S., Hiernaux,
P., et al., 1996. Nutrient cycling in integrated
rangeland/cropland systems of the Sahel. Agri-
cultural Systems. 52(2-3), 143-170.

DOI: https://doi.org/10.1016/0308-521X(96)00009-1

[11] Zeineddine, N., 2020. La reprise des pluies et
la recrudescence des inondations en Afrique de
I’Ouest sahélienne (French) [The resumption of
rains and the resurgence of floods in Sahelian
West Africa]. Physio-Géo. 89-109.

[12]Les feux de brousses, quelles en sont les
conséquences? (French) [Bush Fires, What are
the Consequences?] [Internet]. Available from:
https://www.studiokalangou.org/14879-feux-
brousses-quelles-en-sont-consequences

[13] Au Mali, des bénévoles traquent les feux de
brousse pour sauver I’environnement (French)
[In Mali, Volunteers Track Bush Fires to Save
the Environment] [Internet]. Available from:
https://observers.france24.com/fr/20190404-ma-
li-benevoles-luttent-contre-feux-brous-
se-preserver-environnement

[14] Feux de brousse: 300.000 ha de paturages détru-
its en 2020 (French) [Bush Fires: 300,000 ha of
Pastures Destroyed in 2020] [Internet]. Available
from: https://senalioune.com/feux-de-brousse-
300-000-ha-de-paturages-detruits-en-2020/


https://bibliotheques.mnhn.fr/medias/detailstatic.aspx?INSTANCE=EXPLOITATION&RSC_BASE=HORIZON&RSC_DO
https://bibliotheques.mnhn.fr/medias/detailstatic.aspx?INSTANCE=EXPLOITATION&RSC_BASE=HORIZON&RSC_DO
https://bibliotheques.mnhn.fr/medias/detailstatic.aspx?INSTANCE=EXPLOITATION&RSC_BASE=HORIZON&RSC_DO
https://doi.org/10.3390/rs12111803
https://doi.org/10.4314/ijbcs.v4i2.58157
http://www.rjgeo.ro/issues/revue%20roumaine%2067_1/i%20mamadou.pdf
http://www.rjgeo.ro/issues/revue%20roumaine%2067_1/i%20mamadou.pdf
https://doi.org/10.1016/0308-521X(96)00009-1
https://www.studiokalangou.org/14879-feux-brousses-quelles-en-sont-consequences
https://www.studiokalangou.org/14879-feux-brousses-quelles-en-sont-consequences
https://observers.france24.com/fr/20190404-mali-benevoles-luttent-contre-feux-brousse-preserver-envi
https://observers.france24.com/fr/20190404-mali-benevoles-luttent-contre-feux-brousse-preserver-envi
https://observers.france24.com/fr/20190404-mali-benevoles-luttent-contre-feux-brousse-preserver-envi
https://senalioune.com/feux-de-brousse-300-000-ha-de-paturages-detruits-en-2020/
https://senalioune.com/feux-de-brousse-300-000-ha-de-paturages-detruits-en-2020/

Research in Ecology | Volume 05 | Issue 02 | June 2023

[15]Ministry of the Environment and Sustainable
Development, 2020 [Internet]. Available from:
http://www.apanews.net/mobile/unelnterieure.
php?id=4932944

[16] Bocoum, O., 2018, Suivi des feux (2017-2018)
au Sénégal (French) [Fire Monitoring (2017-
2018) in Senegal] [Internet]. Available from:
https://chm.cbd.int/api/v2013/documents/
58DAD993-C79B-6275-8330-99B6F44BA483/
attachments/205588/Rapport_suivi_feux 2017-
2018.pdf

[17] Faye, G., Beye, G., Ndione, J.A., et al., 2015,
Utilisation des données modis et de spot pour
I’analyse de la dynamique de deux territoires:
(réserve protégée) et (unités pastorales) au Ferlo
(Sénégal) (French) [Use of Modis and Spot data
for the analysis of the dynamics of two territo-
ries: (Protected reserve) and (Pastoral units) in
Ferlo (Senegal)]. XXVIlle Colloque de 1’Asso-
ciation Internationale de Climatologie, Liége.
73-77. Available from: http://www.climato.be/
aic/colloques/actes/ACTES AIC2015/1%20
Modelisation%20Cryosphere%20et%20Telede-
tection/011-SARR-073-077.pdf

[18] Sawadogo, L., Nygard, R., Pallo, F., 2002. Ef-
fects of livestock and prescribed fire on coppice
growth after selective cutting of Sudanian sa-
vannah in Burkina Faso. Annals of Forest Sci-
ence. 59(2), 185-195.

DOI: https://doi.org/10.1051/forest:2002005

[19] Louppe, D., Ouattara, N., Coulibaly, A., 1995.
Effet des feux de brousse sur la végétation.
Bois et Foréts des Tropiques (French) [Effect
of bush fires on vegetation. Woods and forests
of the tropics]. Bois & Forets Des Tropiques.
245(245), 59-69.

[20] Masse, D., Dembélé, F., LeFloc’h, E., et al. (ed-
itors), 1997. Impact de la gestion des feux de
brousse sur la qualité des sols des jachéres de
courte durée dans la zone soudanienne du Mali
(French) [Impact of bush fire management on
the quality of soils in short-term fallows in the
Sudanian zone of Mali]. Soil Fertility Manage-
ment in West African Land Use Systems. 1997

Mar 4-8; Niamey, Niger. Germany: Margraf
Verlag, Weikersheim. Available from: https://
horizon.documentation.ird.fr/exIl-doc/pleins_
textes/pleins_textes 6/b_fdi 49-50/010013844.
pdf

[21]Makela, M., Hermunen, T., 2007. Gestion Des
Feux en Milieu Rural au Burkina Faso Une
approche communautaire (French) [Rural Fire
Management in Burkina Faso A Community
Approach] [Internet]. Available from: https://
www.fao.org/forestry/19856-09f49933f46a82e-
8521477cfd5af7aa38.pdf

[22] Dennis, R., Meijaard, E., Applegate, G., et al.,
2001. Impacts of human-caused fires on bio-
diversity and ecosystem functioning, and their
causes in tropical, temperate and boreal forest
biomes. Secretariat of the Convention on Bio-
logical Diversity.

[23] Atsri, H.K., Konko, Y., Cuni-Sanchez, A., et al.,
2018. Changes in the West African forest-sa-
vanna mosaic, insights from central Togo. PloS
One. 13(10), €0203999.

[24] The Effects of Fire on the Environment [Inter-
net]. Department for Environment, Water and
Natural Resources of Australia; 2017. Available
from: https://cdn.environment.sa.gov.au/envi-
ronment/docs/impacts_of fire.pdf

[25] Tybirk, K., 1991. Régénération des l€égumineus-
es ligneuses du Sahel (French) [Regeneration of
woody legumes in the Sahel]. AAU Reports 28.
Aarhus University Press: Aarhus. pp. 86.

[26]Boer, C., 1989. Effects of the Forest Fire 1982-
83 in East Kalimantan on Wildlife [Internet].
Available from: http://www.itto.int/files/itto_
project _db_input/2115/Technical/PD%20
17%EF%BC%8F87%EF%BC%88F)%20
Effects%200f%20the%20Forest%20Fire%20
1982%EF%BC%8F83%20in%20East%20Kli-
mantan%200n%20Wildlife%20FR-Report%20
No,7.pdf

[27]Goh, K.T., Schwela, D.H., Goldammer, J.G.,
et al., 1999, Health Guidelines for Vegetation
Fire Events [Internet]. Available from: https://
apps.who.int/iris/handle/10665/42349


http://www.apanews.net/mobile/uneInterieure.php?id=4932944
http://www.apanews.net/mobile/uneInterieure.php?id=4932944
http://www.climato.be/aic/colloques/actes/ACTES_AIC2015/1%20Modelisation%20Cryosphere%20et%20Teledet
http://www.climato.be/aic/colloques/actes/ACTES_AIC2015/1%20Modelisation%20Cryosphere%20et%20Teledet
http://www.climato.be/aic/colloques/actes/ACTES_AIC2015/1%20Modelisation%20Cryosphere%20et%20Teledet
http://www.climato.be/aic/colloques/actes/ACTES_AIC2015/1%20Modelisation%20Cryosphere%20et%20Teledet
http://dx.doi.org/10.1051/forest:2002005
https://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_49-50/010013844.pdf
https://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_49-50/010013844.pdf
https://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_49-50/010013844.pdf
https://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_6/b_fdi_49-50/010013844.pdf
https://www.fao.org/forestry/19856-09f49933f46a82e8521477cfd5af7aa38.pdf
https://www.fao.org/forestry/19856-09f49933f46a82e8521477cfd5af7aa38.pdf
https://www.fao.org/forestry/19856-09f49933f46a82e8521477cfd5af7aa38.pdf
https://cdn.environment.sa.gov.au/environment/docs/impacts_of_fire.pdf
https://cdn.environment.sa.gov.au/environment/docs/impacts_of_fire.pdf
http://www.itto.int/files/itto_project_db_input/2115/Technical/PD%2017%EF%BC%8F87%EF%BC%88F)%20Effec
http://www.itto.int/files/itto_project_db_input/2115/Technical/PD%2017%EF%BC%8F87%EF%BC%88F)%20Effec
http://www.itto.int/files/itto_project_db_input/2115/Technical/PD%2017%EF%BC%8F87%EF%BC%88F)%20Effec
http://www.itto.int/files/itto_project_db_input/2115/Technical/PD%2017%EF%BC%8F87%EF%BC%88F)%20Effec
http://www.itto.int/files/itto_project_db_input/2115/Technical/PD%2017%EF%BC%8F87%EF%BC%88F)%20Effec
http://www.itto.int/files/itto_project_db_input/2115/Technical/PD%2017%EF%BC%8F87%EF%BC%88F)%20Effec
http://www.itto.int/files/itto_project_db_input/2115/Technical/PD%2017%EF%BC%8F87%EF%BC%88F)%20Effec
https://apps.who.int/iris/handle/10665/42349
https://apps.who.int/iris/handle/10665/42349

Research in Ecology | Volume 05 | Issue 02 | June 2023

[28]Davies, S.J., Unam, L., 1999. Smoke-haze from

the 1997 Indonesian forest fires: Effects on pol-
lution levels, local climate, atmospheric CO,
concentrations, and tree photosynthesis. Forest
Ecology and Management. 124(2-3), 137-144.

[29] Kinnaird, M.F., O’Brien, T.G., 1998. Ecological

effects of wildfire on lowland rainforest in Su-
matra. Conservation Biology. 12(5), 954-956.

[30] Tchoupou, M.C.V., Nkemnyi, S.N., Gaintse, [.T.,

et al., 2021. Impact of bush fire and grazing on
the diversity of herbaceous plants in the Savan-
nah’s Zones of the Ndikinimeki District Central
Cameroon. Asian Journal of Research in Biosci-
ences. 3(2), 64-75.

[31]Nikiema, A., Pasternak, D., van der Maesen,

L.J.G. (editors), 2005. Identifying wild food

50

plants for sustainable agroforestry through mar-
ket survey. Sustainable dryland agriculture sys-
tems. Proceedings of International Symposium;
2003 Dec 2-5; Niamey, Niger.

[32] Darwich, T., Assaker, A., Faour, G., et al., 2015.

Utilisation de la télédétection et des techniques
SIG pour I’évaluation et la cartographie des
risques de feux de foréts dans le bassin ver-
sant du Nahr Ibrahim (French) [Use of remote
sensing and GIS techniques for the assessment
and mapping of risks of forest fires in the Nahr
Ibrahim watershed]. Du Mont Liban aux Sierras
d’Espagne, Sols, Eau et Sociétés en montagnes.
Archaeopress Publishing Ltd: Oxford. pp. 137-
146.



