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Abstract

Urbanization in the Sahel is constantly competing with and greatly affecting the woody flora in urban areas. Urbanization can
replace the species mix, leading to changes in plant community composition; however, there are limited studies that assess these
attributes in Sahelian cities. This study assessed urban forests in Niamey and Maradi, two important cities of Niger, West Africa
for differences between the cities and across LULC types in terms of species diversity and stand structure. Woody species were
inventoried in 357 plots in urban forests located across seven land use/land cover types. Stem diameter at breast height of trees
and shrubs >2.5 cm, total height and crown diameter were measured. Eighty-six species belonging to 69 genera with 33 families
were inventoried in Niamey, while in Maradi 91 species belonging to 70 genera with 30 families were enumerated. Fabaceae was
the dominant family in both cities. Azadirachta indica accounted for 41 and 54% of all stems in Niamey and Maradi. Residential
areas had a higher species richness than other land uses. The majority of the species documented in the two cities were exotics
representing 52% of all species encountered. Mean Shannon diversity index (H') and standard deviation was 2.31 +0.43 for
Niamey and 2.14 £ 0.74 for Maradi. The similarity index of the two cities was 70%. Urban forests of Maradi had significantly
higher levels of species richness and evenness as well as tree density and canopy cover than urban forests of Niamey. Across
LULC types, canopy cover varied significantly (p < 0.05) but basal area had a marginal variation whilst, stem density was not
significantly different. There were significant positive relationships (p < 0.05) between species richness, basal area and canopy
cover across the LULC types in both cities. The study shows that land use/land cover types influence the characteristics of urban
forests and differences exist in diversity and stand structural characteristics of urban forests in the two cities. Future development
of urban forests in the two cities must increase the planting of native species to improve their value for biodiversity conservation.

Keywords Biodiversity - Conservation - Floristic composition - Maradi - Niamey

Introduction

Rapid urbanization and changes in peri-urban land use are the
leading causes of shifts in vegetation cover. Urbanization
causes the loss of agricultural lands (Bolca et al. 2007), de-
struction of natural habitats (He et al. 2014) and is responsible
for loss of forest cover and introduction of new species to
cities (Elmqvist et al. 2013). Vegetation in peri-urban areas
is often cleared for construction of roads, settlements or indus-
tries (Su et al. 2014). Subsequently, agricultural land is con-
verted into residential and other land uses (He et al. 2014)
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creased research on urban forests (Arnberger et al. 2016;
Kabisch et al. 2015). This is due to the potential of urban
forests to mitigate impacts of land use change in peri-urban
areas and urban lands (Elmqvist et al. 2013) and provide a
variety of ecosystem services (Boukili et al. 2017; Dingaan
and du Preez 2010; Nowak et al. 2013). Trees and shrubs in
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urban forests improve air quality, and provide food, habitat for
animals, aesthetic appeal, as well as places where people go to
socialize, exercise, or connect with nature (Borelli and
Conigliaro 2018). They also mitigate climate change through
carbon sequestration, create microclimates and reduce floods
(Greene and Millward 2017; Livesley et al. 2014, 2016). The
challenge then is what scientific information is needed to fa-
cilitate the development and management of urban forests on a
sustainable basis.

Some empirical studies across the world report of urban
areas being rich in tree populations and species diversity. In
peri-urban areas in North America, high tree densities and
species richness are documented for many cities such as the
metropolitan area in Minnesota (Berland 2012) and the City of
Syracuse in New York (Nowak et al. 2016). Similar findings
are reported for cities in other continents such as Beijing in
Asia (Yan and Yang 2017; Yang 2016) and Adelaide in
Australia (Tait et al. 2005). Urban forests in African cities also
have a diversity of woody species as reported in Lomé in Togo
(Raoufou et al. 2011), Abuja in Nigeria (Agbelade et al.
2017), Kumasi in Ghana (Nero and Callo-concha 2018),
Nairobi in Kenya (Nyambane et al. 2016), in Bloemfontein,
Free State, South Africa (Dingaan and du Preez 2010), in
Eastern Cape towns, South Africa (Gwedla and Shackleton
2017) and in in selected towns of the Eastern Cape, South
Africa (Kuruneri-Chitepo and Shackleton 2011). These stud-
ies reported on woody plant species used in urban forests, their
abundance, growth characteristics and diversity, species coex-
istence and functional relations with green spaces. These stud-
ies of urban forests in African cities do not however, provide
information on the extent to which species diversity in urban
forests are linked to their structural characteristics. Also lack-
ing in the literature is the inclusion of peri-urban vegetation in
urban forestry analysis as well as differences in urban forests
between cities. There are no reports in the international liter-
ature on the composition and structure of urban forests in the
Sahelian region. This impedes effort to generalise urban forest
characteristics across different climatic zones as well as re-
gions with contrasting cultures and socio-economic
development.

Niamey and Maradi are two important cities in Niger, a
country which lies right in the heart of the Sahel. With a
population growth rate of 3.9% and mass migration of people
from rural to urban areas (INS, 2016), Niger’s urban popula-
tion has increased from 7.5% of the country’s total population
in 1967 to 19% in 2017 (INS, 2016). Faced with the chal-
lenges of limited access to housing, problems of urban mobil-
ity and employment, the two cities are expanding through
development of formal and informal settlements and infra-
structure (Ynaut 1987). The resultant zoning and infrastruc-
tural development of such cities is posited to alter woody
species richness and density, resulting in either homogeniza-
tion or depletion of biodiversity (Blair 1999; Mckinney 2006)
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or enhanced heterogeneity of the landscape over time (Nowak
and Dwyer 2007; Yan and Yang 2017). Assessment of the
woody flora in these cities can provide data that address these
uncertainties. Focusing on woody species, this study aimed to
determine the differences in floristic composition and struc-
ture of urban forests between Niamey and Maradi and across
seven land use/land cover (LULC) types. The objectives of the
study were to determine (i) differences in biodiversity indices,
and stand structure of urban forests of Niamey and Maradi and
(ii) the variation in diversity and structural characteristics of
urban forests across the various LULC types in the two cities.
The study tested the following hypotheses: (i) Urban forests in
Niamey and Maradi are rich in woody biodiversity which is
associated with stand structure (ii) there are differences be-
tween the species diversity and stand structure of urban forests
of Niamey and Maradi, (iii) there are differences in urban
forest richness and structural parameters (basal area and can-
opy cover) in the two cities across the LULC types.

Materials and methods
Study area

The study was carried out in the cities of Niamey and Maradi
in Niger. The two cities are situated in the Sahel Zone, where
the mean annual rainfall varies from 150 mm to 350 mm and
is distributed in a unimodal pattern (CNEDD 2016). Niamey
is the political capital and largest city in Niger with an extend-
ed area of over 552.27 km?, an urbanized area of 297.46 kmz,
and a population of 1,026,848 people (INS 2017). It is located
at latitude 13°20'-13°35°N and longitude 2°00’-2°15'E in
western Niger (Fig. 1). The mean annual temperature in
Niamey is 29.2 °C. Maradi is Niger’s centre of commerce
and the third largest city with 326,804 inhabitants and covers
86 km? (INS, 2016) (Fig. 1). Maradi is located at latitude
13°29'- 13°49°N and longitude 7°5’ -7°09’E in south-central
Niger. The mean annual temperature of the city is 27.3 °C.
Agriculture and trade are the economic mainstays in and
around Niamey and Maradi. Agricultural production systems
consist of rain-fed and irrigated agriculture under urban and
peri-urban crop and livestock husbandry. Apart from local
land use, anthropogenic activities that impact on vegetation
in Niamey and Maradi are overexploitation and species intro-
ductions or removals (Moussa et al. 2019). Vegetation cover
across the two cities is made up of a mosaic of steppe and short
grass savanna, tree plantations, greenbelts and gardens
(Saadou 1990). Remnant natural vegetation is dominated by
Combretaceae, shrubs and savanna grassland (Wezel et al.
2000). There are also patches of gallery forests, although
much of the woody cover has been lost due to drought and
cutting trees for firewood (Saadou 1990). The droughts of
1970 and 1984 (Nicholson et al. 1998) and historical factors
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such as prior land use and colonial administration have influ-
enced urban flora in Niamey and Maradi (Saadou Mahamane
personal communication ,2018). For example, species such as
Delonix regia, Averrhoa carambola and Plumeria rubra were
introduced in Niamey and Maradi during the colonial period
(Yacouba 1999). The creation of Niamey Green Belt in 1965
and subsequent programs aimed at fighting desertification saw
widespread establishment of Azadirachta indica or neem tree,
Eucalyptus camaldulensis, Khaya senegalensis and Prosopis
Jjuliflora (Yacouba 1999).

The two cities (Niamey and Maradi) chosen for this study
have peculiar characteristics that could influence the urban
forests diversity and structure distribution. Niamey is a polit-
ical capital of Niger, largest city in terms of urban population
and most urbanised city in Niger (Niamey has no land to sell
as it has already exhausted all lands in its administrative terri-
tory (Niger’s Ministry of Habitat and Urbanization, 2018). In
addition Niamey has 10 major public green spaces (one green
belt of 2500 ha and nine green spaces of 42 ha) (Ministere de
I’Environnement du Niger 2010) and some public botanical
gardens. Niamey also has some water networks. For example,
it is traversed by Niger River. Maradi is the economic capital
and third largest city of Niger in terms of urban human popu-
lation (Institut National de la Satistique du Niger (INS) 2016).
It is the second city after Niamey in terms of physical urban-
ization and urban green spaces. It has consumed its adminis-
trative territory (Regional direction of Habitat and urbaniza-
tion of Maradi, 2018). Maradi possesses 11 bloc forest plan-
tations according to Gambo, (2013). Maradi has two botanical

gardens (2.69 ha) in the Regional Agricultural Research
Centre of Maradi (INRAN) and the newly created botanical
garden of Université Dan Dicko Dankoulodo, Maradi. There
exist also some water bodies in Maradi. Niamey and Maradi
face the challenge of massive migration from the rural areas of
Niger. The above characteristics have been reported as some
of the determinant factors of urban forest development (Alvey
2006; Cilliers et al. 2013; Fan et al. 2019) thus justifying the
choice of the two cities.

Survey of floristic composition and vegetation
structure

A stratified random sampling approach was used for the in-
ventory. In each city the study area was stratified into seven
LULC types:(1) commercial area that included market, shops,
restaurants and garages; (2) forested areas consisting of urban
agricultural plots, green belt, urban wetlands, irrigated urban
farmlands and botanical gardens; (3) residential areas cover-
ing houses, mosques and churches; (4) schools covering pri-
vate and public training and learning institutions such as pri-
mary schools, secondary schools, universities, polytechnics,
training colleges; (5) administrative areas such as govern-
ments offices and private offices; (6) roads covering the main
streets and boulevards. These six LULCs formed the built
areas or urban forests in the two cities. (7) peri-urban forest
areas consisting of peri-urban croplands, peri-urban wetlands
and pastoral field. This LULC type started from the end of the
city (where there were no buildings) to a distance of 4 km
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away into the non-built area. The LULC types were randomly
selected from five communes in Niamey and three communes
in Maradi. A random list for sampling was prepared from an
inventory of schools, administrative posts, urban green spaces,
roads, markets and residential compounds obtained from di-
rectorates of education, environment, urban equipment and
habitat of the communes in Niamey and Maradi. Floristic
composition and vegetation structure were assessed through
a survey of plants in plots of 50 m X 50 m, consistent with
guidelines for inventories in the Sahel (Thiombiano et al.
2016). The plot size varied in some cases and was less than
0.25 ha if a randomly selected point could not allow a plot of a
50 m x50 m to be demarcated without getting into another
LULC type. In such cases, two smaller plots were used in
place of one large plot. All woody plants with diameter at
breast height (DBH) >2.5 cm within a plot were inventoried.
The minimum DBH of 2.5 c¢cm is recommended for dryland
areas (Pearson et al. 2007) where the landscape is dominated
by small trees, and some of the species may not attain large
DBH at maturity (Thiombiano et al. 2016). DBH was mea-
sured at 1.30 m from the ground using callipers or a diameter
tape. Woody plants with forks below 1.3 m were considered as
multi-stemmed; their individual stems were measured sepa-
rately and the DBH calculated as the square root of the sum
of squares of the individual stems (Thiombiano et al. 2016).
Crown diameter was measured crosswise with measuring
tape. The longest diameter (d;) and the diameter perpendicular
to it (d,) were measured. Species name of all the measured
woody species was recorded. The position of each plot was
recorded with Global Positioning System. Specimen and pho-
tographs were collected for plants whose identity could not be
established in the field for later identification at the
“Laboratoire de Biologie Garba Mounkaila”, University of
Niamey and at Department of Biology of University Dan
Dicko Dankoulodo of Maradi. Angiosperm Phylogeny
Group IV (2016) classification was used. For the
leguminosae, the new classification, LPWG ( 2017) (The
Legume Phylogeny Working Group (LPWG) 2017) was used.

Data analysis

Shannon-Wiener diversity (H'), richness (S) and evenness (J)
were calculated as indices of species diversity within and
across different LULC types in the two cities. Richness was
calculated as the total number of tree and shrub species in each
LULC type. Shannon diversity index was calculated as the
proportion of the species relative to the total number of species
using the formula: H' ==} [(ni/N)*Ln (ni/N)], where ni is the
number of individuals of species i, N is the total number of
individuals per LULC types and L# is the natural logarithm.
Pielou’s evenness (J°) was used as a measure of relative abun-
dance of tree and shrub species, and was calculated using the
formula: J=H'/Ln(S), where H' is the Shannon diversity
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index and S is the number of species. Sorensen index was
calculated for comparing the similarity between Niamey and
Maradi using the formula described in (Thiombiano et al.
2016): K=2C/(2C + A + B), where A is the number of species
in one area (e.g. Niamey), B is the number of species in an-
other area (e.g. Maradi) and C is the number of species com-
mon to the study sites. Basal area, density and dominance
were used to describe the vegetation structure. Basal area
was calculated as BA (m?) = D? * (10/4), where 7t=3.14, and
D is the DBH. Plant density was calculated as the total number
of individuals of all species per unit area. Species density was
also determined as the total number of individuals of a species
per unit area. Crown area (ca) was calculated assuming an
elliptical crown shape, (ca) (m%) = m{(d/2)x(d»/2), where d,
is the largest crown diameter (m) and (d,) is the diameter
perpendicular to the larger crown diameter (m). Canopy cover
(%) = ca(100)/Plot size (m?).

Statistical analysis

Prior to the statistical analysis, the Ryan-Joiner test and
Levene’ test were used to check the normality and homoge-
neity of the data. A two-way ANOVA and Duncan Tests were
used to examine the difference in the biodiversity characteris-
tics (Shannon, evenness), origin of species (exotic or native)
and structural characteristics (basal area, density, canopy cov-
er, number of shrubs and trees) in each city and between cities
across the LULCs at alpha 0.05 level of significance. Chi-
square test was used to check whether the number of exotic
and native stems, trees, shrubs and species were associated
with LULCs in each of the city. A linear regression was used
to determine the relationship between urban forest species
richness and basal area and canopy cover in the two cities
across the LULCs. Descriptive statistics was also used to de-
termine the proportion of the number of exotic and native
stems, trees, shrubs and species. Minitab version 17 and
Excel were used for the statistical analysis.

Results

Floristic composition (trees and shrubs) of urban
Forest stands in the two cities

Table 1 shows the diversity characteristics of urban forests of
the various LULC types in the two cities. A total of 115 tree
and shrub species belonging to 82 genera in 35 families were
documented in 50.95 ha across the two study sites. In Niamey,
86 species belonging to 69 genera with 33 families were
inventoried while in Maradi 91 woody species belonging to
70 genera with 30 families were enumerated. Mean Shannon
diversity index (H') and standard deviation was 2.31 & 0.43 for
Niamey and 2.14 £ 0.74 for Maradi.
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Table 1 Floristic characteristics
of woody species inventoried per

Species diversity Origin of species

LULC unit areas in Niamey and

Maradi, Niger Cities LULC Number of plots ~ Richness ~ Shannon Evenness Exotic  Native
and Area (ha)

Niamey  Administrative areas 21 3.98 38 2.79 0.77 22 16
Maradi 24 3.6 52 2.67 0.68 27 25
Niamey  Commercial areas 9 1.87 13 1.78 0.69 6 7
Maradi 11 0.97 30 2.40 0.71 17 13
Niamey  Forested areas 33 7.37 38 2.05 0.56 13 25
Maradi 17 3.93 41 2.60 0.70 13 28
Niamey Residential areas 51 3.75 45 2.85 0.75 23 22
Maradi 23 1.72 56 2.67 0.66 35 21
Niamey  Roads 45 2.74 28 2.33 0.70 16 12
Maradi 42 1.7 31 1.33 0.39 17 14
Niamey  Schools 26 6.74 35 1.84 0.52 16 19
Maradi 26 5.34 29 0.84 0.25 14 15
Niamey  Peri-urban forests 17 425 25 2.50 0.78 6 19
Maradi 12 3 22 2.62 0.85 2 20
Niamey  Total 202 30.7 86 2.69 0.60 42 44
Maradi 155 20.25 91 245 0.54 44 47
Niamey  P-values - - 0.00 0.06 0.00 0.00 0.00
Maradi - - 0.00 0.05 0.00 0.00 0.00

The majority of the species documented in the two cities
were exotics representing 52% of all species encountered
(p<0.001). At the city level, Niamey had 52% of species
being exotic, while equal numbers of exotic and native species
were found in Maradi. In terms of the distribution of exotics
and native species there was no significant difference between
urban forests of the two cities (X* = 0.0042, df=1 p=0.94).
However, at the city level, the distribution of indigenous and
exotic species was found to be associated with LULC type in
Niamey (X*=12.613, df=5, p=0.027) and in Maradi (X* =
58.720, df =5, p=0.000). Residential areas had the highest
exotic species richness in Niamey (23 exotic species) and in
Maradi (35 exotic species). While the lowest number of exotic
woody species were observed in peri-urban areas in Maradi
(two exotic species) and in commercial areas and peri-urban
areas in Niamey with six exotic species respectively. For the
native species richness, the highest number was observed in
forested areas in both cities. The similarity index of the woody
floras in the built areas of the two cities was 70% 1i.e., there
were 62 species that were common to the two cities, 29 spe-
cies were specific to Maradi while 24 were found only in
Niamey.

The diversity characteristics (richness and evenness) varied
significantly (p <0.05) in each of the two cities across the
LULC types (Table 1). The overall Shannon index was greater
than 2 in each city (Table 1) though there were no significant
differences in the mean Shannon index across the LULC types
(F=4.14,df=1, p =0.06 in Niamey and F =4.52, df=1,p =

0.05 in Maradi). Residential areas had the highest species
richness in Niamey (45 species) and in Maradi (56 species)
(Table 1). A particular example was a residence in Niamey
with 10 species, the highest number of species found in a
single plot within a land use. The lowest diversity indices were
found in commercial areas for Niamey (H=1.78) and in
schools (H=0.84) for Maradi (Table 1). The dominant fami-
lies were Fabaceae, Combretaceae and Verbenaceae with 24,
5 and 6 species in Niamey, and Annonaceae Fabaceae,
Euphorbiaceae, Arecaceae, and Combretaceae with 24, 5, 4
and 4 species in Maradi (Fig. 2). In built up areas in Niamey,
the percentage of exotic species ranged from 6% to 23%
whilst in peri-urban areas it was 6%. In Maradi, the range
was from 12% to 29% in built up areas and 2% in peri urban
forests.

Structural characteristics of urban forests in the two
cities

A total of 4689 individual trees and shrubs (2137 in Niamey
and 2552 in Maradi) were documented over an area of
50.95 ha (Table 2). There were more trees than shrubs in both
cities (92% in Niamey and 90% in Maradi). With the excep-
tion of basal area, there were significant differences (p < 0.05)
in the mean structural characteristics (density and canopy cov-
er) between the two cities. The mean stem density (with stan-
dard deviation) in Maradi (142.9 + 62.08 stems/ha) was higher
than 70.60 £ 20.36 stems/ha obtained for Niamey (F = 11.585,
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Fig. 2. The distribution of tree
and shrub species across different
families inventoried in built areas
of Niamey and Maradi, Niger
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df=1, p<0.05). The mean canopy cover was also higher in
Maradi (53.67% +27.16) than in Niamey (37.90% + 14.56)
(F=6.57, df=1, p<0.05). However, the stand mean basal
area for Maradi (11.26+5.70 m” /ha) was not significantly
different from that for Niamey (8.60 +3.80 m? /ha) (F=
2.88, df=1, p>0.05).

Across LULC types in Niamey, stem density ranged
from a high of 108 stems/ha along roads to a low of (48
stems/ha) in peri-urban areas. In Maradi, stem density
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was highest in residential areas (216 stems/ha) and low-
est (43 stems/ha) in peri-urban areas. Considering the
two cities stem density was not significantly different
across the LULC types (F=1.704, df=6, p>0.05).
Basal area was marginally significantly different across
LULC types (F=4.258, df=6, p=0.051). Its highest
value (19.36 m*/ha) was observed in urban forests along
roads in Maradi and the lowest (3.65 m*/ha) in peri-
urban forests of the same city.

Table 2 Structural characteristics

of the two urban forests Counts Structural characteristics

Cities LULC Shrubs  Trees  Stem density Basal area (m*  Canopy cover
(stem/ha) ha) (%)

Niamey  Administrative 35 290 82 8.49 44.65

Maradi arcas 66 503 158 15.37 58.95

Niamey Commercial areas 1 94 51 6.79 40.5

Maradi 11 168 184 14.54 87.87

Niamey  Forested areas 39 437 65 6.4 23.1

Maradi 82 272 90 498 23.77

Niamey  Residential areas 35 211 66 5.78 41.1

Maradi 56 315 216 11.62 57.7

Niamey  Roads 8 288 108 16.3 62.05

Maradi 2 325 192 19.36 82.56

Niamey  Schools 20 477 74 10.35 36.11

Maradi 16 607 117 9.3 49.48

Niamey  Peri-urban forests 35 167 48 5.74 17.8

Maradi 33 96 43 3.65 15.37

Niamey  Total and 173 1964  70.60 +20.36 8.60+3.80 37.90+14.56

Maradi mean +SD 266 2286 142.9+62.08 11.26+5.70 53.67+27.16

Niamey  P-values 0.00 0.00 0.00 0.03 0.00

Maradi 0.01 0.00  0.00 0.00 0.00
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There was significant effect of species richness on basal
area in the urban forests in Niamey (R*=0.75, Fsig=0.08,
p=0.005) and in Maradi (R*=0.80, Fsig=0.04, p=0.02).
There was also significant effect of species richness on canopy
cover in Niamey (R”=0.81, Fsig=0.004, p=0.002 and in
Maradi (R?=0.77, Fsig=0.06, p =0.00). For canopy cover,
urban forests in commercial areas and along roads in Maradi
had the highest values (87.87% and 82.56% respectively)
whilst peri-urban forests of the two cities recorded the lowest
values (17.8-15.37%). Canopy cover had significant variation
across LULC types in the two cities (F=6.574, df=6,
p<0.05). The distribution of the number of trees and shrubs
was associated with LULC types in Niamey (X*=79.171,
df=12, p=0.000) and in Maradi (X*=206.113, df=12,
p =0.000). Schools were more associated with trees than other
LULC in both cities. However, forested areas were more as-
sociated with shrubs.

In terms of relative abundance, (Table 2) more exotic than
native tree and shrub were enumerated in Niamey (62%, N =
1319) as well as in Maradi (77%, N=1967). Statistically ur-
ban forests in Maradi were associated with higher levels of
trees of exotic origin than urban forests in Niamey (X* =
295.94, df=1, p<0.05). Schools had the higher individual
exotic trees and shrubs than other LULC types. They had
27% and 29% respectively of all stems of exotic trees in urban
forests of Niamey and Maradi respectively. The number of
species by families across the city is presented in Table 3.

Azadiractha indica had the highest number of individuals
in Niamey and Maradi, accounting for 41% and 54% of the
total number of trees and shrubs documented, respectively
from peri-urban to the built areas. In Niamey, other dominant
species were Balanites aegyptiaca, Terminalia mantaly,
Faidherbia albida, accounting for 8, 6 and 4%, respectively
of'the total number of trees and shrubs (Fig. 3). In Maradi, the
most abundant species next to A. indica were T. mantaly,
Vachellia nilotica and B. aegyptiaca accounting for 3, 4 and
3%, respectively of the trees and shrubs enumerated in the
built area. F. albida (21%) was the dominant peri-urban forest
species in Maradi while B. aegyptiaca dominated in Niamey
peri-urban forests.

Uncommon species, (i.e. those with a mean of less than one
individual per species) were 21 in Niamey and 16 in Maradi in
the built areas. Ten of them in Niamey were exotic while nine
were native to Africa. In Maradi, eight uncommon species
were exotic; the rests were native to Africa. These species
were specific to the cities, and only Vitellaria paradoxa was
common to both cities. In Niamey, Mangifera indica, Ziziphus
mauritiana, Vitex doniana, Adansonia digitata, and Hyphaene
thebaica were the five most common fruit species with a com-
bined frequency of 8%. In Maradi, the five most common fruit
species were M. indica, Citrus lemon, A. digitata, Annona
squamosa, and Moringa oleifera, with a combined frequency
of 7%.

Discussion

The results show a high species diversity in Niamey and
Maradi. The Shannon diversity index for the two cities was
greater than 2.0, which indicates medium to high diversity
(Magurran 2004). This demonstrates the importance of the
two cities in woody species conservation. These results con-
firm the findings of (Gillespie et al. 2017; Ortega-Alvarez
et al. 2011; Pickett et al. 2001) who reported that urban areas
are home to a diversity of woody species. Among the species
recorded in the two cities are some of the [UCN’s list of vul-
nerable species such as Khaya senegalensis and endangered
species such as Combretum glutinosum, Senna singueana,
Boswellia odorata, Prosopis africana, Anogeissus leiocarpus,
and Daniella oliveri in Niger. The presence of these species in
the cities’ urban forests lends credence to Conservation
Visions’ philosophy that cities can play a significant role in
the conservation of threatened plant species (Elmqvist et al.
2013). The high species diversity may have been achieved as a
result of the Operation Green Sahel program that aimed at
fighting desertification and during which many exotic species
were introduced (Yacouba 1999). It could also be related to
the diversity of ethnic groups with different cultures found in
the two cities. The area being cosmopolitan is likely to host
different ethnic groups with diverse preferences of tree and
shrub species (Dwyer et al. 1991). It emerged from the field
discussion with residents that some trees were introduced
from outside Niger by migrants for reasons such as aesthetics
e.g. (Coccoloba uvifera) and medicinal purposes (Senna
alata). Hope et al. (2003) reported that diversity increases with
urbanization because of human influences such as irrigation
and ornamental landscaping. The high diversity determined
for the two cities may contribute to ecosystem resilience
(Kendal et al. 2014) and provision of multiple ecosystem ser-
vices (Nowak and Dwyer 2007). Urban forests with low di-
versity tend to be vulnerable to ecological disturbances, such
as the effects of pests and diseases (Alvey 2006) and impacts
of climate change (Elmqvist et al. 2013). Between the two
cities, significant differences exist in species richness,
Shannon index and evenness of the urban forests, with
Maradi having higher values than Niamey except in the case
of Shannon index. This may probably be explained by the fact
that being the capital city, Niamey may have its tree planting
being more formal and centrally controlled than Maradi. In
that case, individual residents’ influence on species choice
will be limited in Niamey resulting in fewer species being
planted than in Maradi.

With the exception of basal area, there were significant
differences (p <0.05) in the mean structural characteristics
(density and canopy cover) between the two cities. This im-
plies there were many smaller trees in Maradi and few larger
trees in Niamey. It may be a reflection of age differences in the
urban forests of the two cities with Niamey having an older
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Table 3  List of trees and shrubs documented in Niamey and Maradi

No Species Families Niamey built area Maradi built area Per-urban Peri-urban ~ Total Origin
forests forests Niamey Maradi
1 Acacia holosericea. Cunn. ex G. Don  Fabaceae 3 3 6 Exotic
2 Acacia senegal (L.) Willd. Fabaceae 68 5 13 86 Native
3 Adansonia digitata L. Bombacaceae 15 26 1 3 45 Native
4 Adenium obesum (Forssk.) Roem. Apocynaceae 6 Exotic
5 Albizia chevalieri Harms Fabaceae 7 Native
6 Albizia lebbeck (L.) Benth. Fabaceae 5 35 40 Exotic
7 Anacardium occidentale L. Anacardiaceae 3 3 Exotic
8  Annona muricata L. Annonaceae 1 1 Exotic
9  Annona senegalensis Pers. Annonaceae 1 5 7 5 18 Native
10 Annona squamosa L. Annonaceae 21 21 Exotic
11 Anogeissus leiocarpus (DC.) Guill. Combretaceae 1 1 Native
&Perr.
12 Azadirachta indica A. Juss. Meliaceae 854 1364 12 23 2253 Exotic
13 Balanites aegyptiaca (L.) Del. Balanitaceae 161 63 57 6 287 Native
14 Bambusa vulgaris Schrad. Ex Poaceae 1 1 Exotic
J.C.WendL
15 Bauhinia monandra Kurz Fabaceae 1 1 Exotic
16  Bauhinia rufescens Lam. Fabaceae 20 27 Native
17 Blighia sapida Koenig Sapindaceae 17 19 Exotic
18  Borassus aethiopum Mart. Arecaceae 3 6 Native
19 Bombax costatum Pellegr. & Vuillet Bombacaceae 1 1 Native
20  Boscia angustifolia A. Rich. Capparaceae 2 2 Native
21 Boscia salicifolia Oliv. Capparaceae 2 2 Native
22 Boswellia dalzielii Hutch. Burseraceae 2 2 Native
23 Boswellia papyrifera (Del.) A. Rich. Burseraceae 3 3 Native
24 Bougainvillea spectabilis Willd Nyctaginaceae 1 1 Exotic
25 Caesalpinia pulcherrima (L.) Sw. Fabaceae 1 1 2 Exotic
26  Calliandra brevipes Benth. Fabaceae 1 1 Exotic
27  Calotropis procera (Ait.) Ait. f. Asclepiadaceae 5 10 2 17 Native
28  Cassia sieberiana DC. Fabaceae 3 3 Native
29  Casuariana equisefolia Forst. Casuarianaceae 9 9 Exotic
30 Ceiba pentandra (L.) Gaertn. Bombacaceae 5 4 9 Native
31  Citrus grandis (L.) Osbeck Rutaceae 2 3 5 Exotic
32 Citrus limon (L.) Burm. f. Rutaceae 14 29 43 Exotic
33 Citrus reticulata Blanco Rutaceae 3 3 Exotic
34 Citrus sinensis (L.) Osbeck Rutaceae 4 4 Exotic
35  Cola cordifolia (Cav.) R. Br. Sterculiaceae 1 1 Exotic
36  Combretum glutinosum Perr. ex DC. Combretaceae 9 2 15 5 31 Native
37 Combretum nigricans Lepr. ex Guill. et Combretaceae 1 3 4 Native
Perr.
38  Combretum aculeatum Vent. Combretaceae 2 2 Native
39 Commiphora africana (A. Rich.) Engl. Burseraceae 1 1 Native
40  Dalbergia sissoo Roxb. Fabaceae 12 3 15 Exotic
41  Daniellia oliveri (Rolfe) Hutch. & Dalz Fabaceae 1 1 Native
42 Delonix regia (Boj.) Raf. Fabaceae 14 18 Exotic
43 Dialium guineense Willd. Fabaceae 2 Native
44 Diospyros mespiliformis Hochst. ex A.  Ebenaceae 13 20 Native
Rich.
45  Duranta repens Linn. Verbenaceae 1 1 Exotic
46  Eucalyptus camaldulensis Dehnh. Myrtaceae 37 51 2 90 Exotic
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Table 3 (continued)

No Species Families Niamey built area Maradi built area Per-urban Peri-urban ~ Total Origin

forests forests Niamey Maradi
47  Euphorbia balsamifera Ait. Euphorbiaceae 3 1 3 7 Native
48  Euphorbia kamerunica Pax Euphorbiaceae 1 1 Exotic
49  Faidherbia albida (Del.) Chev. Fabaceae 79 35 27 26 167 Native
50  Ficus benjamina L. Moraceae 6 6 Exotic
51 Ficus elastica Roxb. ex Hormem. Moraceae 1 1 Exotic
52 Ficus platyphylla Del. Moraceae 10 8 18 Native
53 Ficus sycomorus ssp. gnaphalocarpa ~ Moraceae 4 13 Native
(Miq.) C.C. Berg
54 Ficus thonningii Blume Moraceae 1 4 5 Native
55  Gardenia erubescens Stapf & Hutch.  Rubiaceae 2 2 Native
56  Gliricidia sepium (Jacq.) Walp. Fabaceae 2 3 5 Exotic
57  Gmelina arborea Roxb. Verbenaceae 20 18 1 39 Exotic
58  Grewia bicolor Juss. Malvaceae 2 2 Native
59 Guiera senegalensis J.F. Gmel. Combretaceae 6 4 12 Native
60  Stereospermum kunthianum Cham. Bignoniaceae 2 Native
61  Hura crepitans L. Euphorbiaceae 2 2 Exotic
62 Hyphaene thebaica (L.) Mart. Arecaceae 19 3 5 8 35 Native
63 Jatropha curcas L. Euphorbiaceae 1 2 3 Exotic
64 Jatropha gossypiifolia L. Euphorbiaceae 1 1 Exotic
65  Khaya senegalensis (Desr.) A. Juss Meliaceae 74 14 1 89 Native
66  Kigelia africana (Lam.) Benth. Bignoniaceae 7 15 Native
67  Lannea microcarpa Engl. & K. Krause Anacardiaceae 13 Native
68  Lawsonia inermis L. Lythraceae 4 9 Exotic
69  Leucaena leucocephala (Lam.) de Wit Fabaceae 10 16 26 Exotic
70 Maerua angolensis DC. Capparaceae 1 1 Native
71 Maerua crassifolia Forssk. Capparaceae 4 3 1 3 11 Native
72 Neocarya macrophylla (Sabine) Prance Chrysobalanaceae 22 22 Native
73 Mangifera indica L. Anacardiaceae 73 61 134 Exotic
74 Melia azedarach L. Meliaceae 2 1 3 Exotic
75  Mitragyna inermis (Willd.) Kuntze Rubiaceae 1 1 Native
76  Moringa oleifera Lam. Moringaceae 9 21 30 Exotic
77  Moringa stenopetala Baker f. Moringaceae 14 18 Exotic
78  Newbouldia laevis (P. Beauv.) Seem.  Bignoniaceae 2 2 Exotic
79  Parkia biglobosa (Jacq.) R. Br. ex G.  Fabaceae 1 12 13 Native
Don

80  Parkinsonia aculeata L. Fabaceae 1 4 5 Exotic
81  Phoenix dactylifera L. Arecaceae 5 5 Native
82 Phoenix reclinata Jacq. Arecaceae 1 1 Native
83 Piliostigma reticulatum (DC.)Hochst.  Fabaceae 4 22 1 9 36 Native
84  Pithecellobium dulce (Roxb.) Benth. Fabaceae 1 3 Exotic
85  Plumeria rubra L. Apocynaceae 4 9 Exotic
86  Polyalthia longifolia. Sonn Annonaceae 2 7 Exotic
87  Prosopis africana (Guill. &Perr.) Taub. Fabaceae 22 8 30 Native
88  Prosopis juliflora (Sw.) DC. Fabaceae 23 35 5 63 Exotic
89  Psidium guajava L. Myrtaceae 6 8 14 Exotic
90  Punica granatum L. Punicaceae 11 15 Exotic
91  Sclerocarya birrea (A. Rich.) Hochst.  Anacardiaceae 15 2 24 Native
92 Senna siamea (Lam.) Irwin & Barneby Fabaceae 45 24 1 70 Exotic
93 Senna singueana (Del.) Lock Fabaceae 2 2 Native
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Table 3 (continued)

No Species Families Niamey built area Maradi built area Per-urban Peri-urban ~ Total Origin
forests forests Niamey Maradi
94 Sesbania sesban (L.) Merrill Fabaceae 1 1 Native
95 Sterculia setigera Del. Sterculiaceae 4 5 Native
96  Syzygium guineense (Willd.) DC. Myrtaceae 7 9 16 Exotic
97  Syzygium malaccense (L.) Merr. & Myrtaceae 1 1 Exotic
L.M.Perry
98  Tamarindus indica L. Fabaceae 4 13 1 18 Native
99  Tapinanthus dodoneifolius (DC.) Loranthaceae 2 2 Native
100 Tectona grandis L. f. Verbenaceae 1 Exotic
101 Terminalia catappa L. Combretaceae 8 23 31 Exotic
102 Terminalia mantaly H. Perrier Combretaceae 107 104 1 212 Exotic
103 Thevetia neriifolia Juss. Apocynaceae 2 7 9 Exotic
104 Vachellia nilotica subsp. nilotica Fabaceae 11 66 7 4 88 Native
105 Vachellia seyal (Delile) P.J.H.Hurter Fabaceae 50 11 5 66 Native
106 Vachellia sieberiana (DC.) Kyal. & Fabaceae 1 1 Native
Boatwr.
107 Vachellia tortilis (Forssk.) Galasso &  Fabaceae 1 5 6 Native
Banfi
108 Vitellaria paradoxa Gaertn. f. Sapotaceae 1 2 Native
109 Vitex doniana Sweet Verbenaceae 19 5 24 Native
110 Vitex simplicifolia Oliv. Verbenaceae 1 14 15 Native
111 Vitex trifolia L. Verbenaceae 2 2 Exotic
112 Volkameria inermis L. Lamiaceae 1 Exotic
113 Ziziphus mauritiana Lam. Rhamnaceae 33 14 6 2 55 Native
114 Ziziphus mucronata Willd Rhamnaceae 7 7 Native
115 Ziziphus spina-christi (L.) Desf. Rhamnaceae 10 3 13 Native
Total 1935 2423 202 129 4689

The values indicate the number of individuals

history of urban forests than Maradi. However, other possibil-
ities such as trees growing faster in Niamey than Maradi can-
not be ruled out.

Fig. 3 The distribution of trees
and shrubs of different species
inventoried in Niamey and
Maradi within built areas. The
proportion of Azadirachta indica
was 41 and 54% of all the trees
inventoried in Niamey and
Maradi respectively and is
therefore not shown in the plot

@ Springer

0)

Proportion (%

The study shows that the species richness varied signifi-
cantly across the LULC types. For instance, residential urban
forests had the highest species diversity in both cities

Niamey (total = 1935 trees and shrubs)

W Maradi (total = 2423 trees and shrubs)
S 3T S S 2 8 5 8 o B S
S 8§ S
S s S Q S
5838 % S X
s 2
25 £ 5
S 2
=
Q

Pro.

Gnr
Hyphc
Adansonia
Ter

Ba
Sc

Piliostigma reti

Leucaer



Urban Ecosyst (2020) 23:851-864

861

suggesting that residents promote the number of woody spe-
cies by choosing various woody species for their residential
areas. Thus, in Niamey and Maradji, people plant multipurpose
trees in their homes, and their preferences may vary according
to ethnic, religious, and socioeconomic backgrounds or edu-
cational levels (Fan et al. 2019; Hungerford and Moussa 2017,
Nitoslawski et al. 2016). Studies of other cities show that
people maintain a variety of trees on their compounds for
various reasons (Cilliers et al. 2013; Clark and Nicholas
2013; du Toit et al. 2018; Park et al. 2019; Raoufou et al.
2011). This supports the results of Hope et al. (2003);
Hungerford and Moussa (2017); Wang et al. (2015) who re-
ported that the household is a driver of plant species diversity.

The values of the Shannon diversity index were low in
schools’ urban forests in both cities This is an important ob-
servation because species diversity in schools has been found
to impact on students’ performance (Kweon et al. 2017;
Sivarajah et al. 2018). Therefore, school authorities have to
address the problem and this could be an opportunity for
youth urban forestry education in both cities. Lower
Shannon index values were observed in the commercial areas
in Niamey which confirmed the finding of (Ortega-Alvarez
et al. 2011) who observed fewer species diversity in commer-
cial areas in Mexico city. Lower diversity seems not to be a
surprise due to lack of space for planting trees in commercial
areas especially markets. However, innovative ways can be
found to improve the diversity by planting different woody
species in the few spaces available.

The study recorded the presence of Neem (Azadirachta
indica) trees in peri-urban forests of the two cities and
Prosopis juliflora in peri-urban forests of Niamey where the
native woody species are supposed to be naturally occurring.
This may be the beginning of the invasion of peri-urban for-
ests of Niger by the two species. Neem is noted as an invasive
species in forest fragments of Southern Togo (Radji et al.
2010) whilst P. juliflora has invaded South Africa and India
forests (Kumar and Mathur 2014; Shackleton et al. 2015).

Fabaceae and A. indica were the dominant family and
species respectively in both cities. The family Fabaceae is
widespread in semi-arid areas on a wide range of soils and
climate (Mudzengi et al. 2014) and this may explain its abun-
dance in the cities. The dominance of Fabaceae is a good
proxy for overall angiosperm diversity in many habitats
(Raes et al. 2013). The list of Fabaceae species included some
multipurpose species such as Faidherbia albida, Tamarindus
indica, Acacia senegal, Dialium guineense and Parkia
biglobosa. The multipurpose nature of these species may also
contribute to the family’s dominance in the urban forests. The
dominance of the Neem tree may be traced to its role as a
major species for the Sahel greening under various tree plant-
ing programs (Ministére de I’Environnement du Niger 2010)
and its multi-purpose nature. Neem tree is used for construc-
tion, pest and disease control, traditional medicine and

provision of shade among others worldwide (Ezzat et al.
2018; Raj and Sahu 2013).

Of the stand structural characteristics, canopy cover was
the one that varied most across the LULC types followed by
basal area whilst stem density was not significantly different
across the LULC types. This may be explained by the unequal
distribution of shrubs and trees in the LULC types such that
types with more trees will have higher canopy cover than
those with relatively few trees. It may also be accounted for
by the fact that in LULC types where trees are planted mostly
for shade preference will be given to large crown trees, which
provide high canopy cover. This preference may then create a
difference in canopy cover among the LULC types even
where they have similar tree density. The study shows that
stand basal area varied significantly with species richness sug-
gesting that diversity increases stand basal in the two cities.
This matches the findings of (Erskine et al. 2006; Liang et al.
2007) who reported that increases in species richness augment
the stand basal area or mean individual tree basal area.

Implications of the high number of woody species
in the urban forests of Niamey and Maradi

The study shows that in terms of species presence, there is
statistically equal distribution of natives and exotics in both
cities besides, some LULC types were more associated with
exotics than natives. More exotic species were found in resi-
dential areas while native species were more in forested areas.
Studies in the city of Sheffield, South Yorkshire, UK (Smith
et al. 2006) and in Mexico city (Ortega-Alvarez et al. 2011)
have shown that exotic species are preferred in residential
areas because of the provision of different ecosystem services
that may not be provided by indigenous species (Davies et al.
2011; Riley et al. 2018). It emerged from the field discussion
with residents that some exotic trees are used in both cities for
various purposes. For example, Azadirachta indica and,
Terminalia mantaly are used for shading purpose, Citrus
spp., mango tree, Anacardium occidentale, Annona spp. are
used for fruit production, Bougainvillea spectabilis, Cola
cordifolia, Nerium oleander for ornamental purpose, leaves
of moringa spp. are used for human food, and the Neem tree,
Senna alata are used for medicinal purpose in both cities.
Further, the Neem trees planted in the mosques are used for
burial purpose in Maradi. In addition to that, the Neem trees
planted in secondary schools in both cities provide a wood that
is used for the construction of hut classrooms (Classes
paillotes in French). Nevertheless, other residents reported
some ecosystem disservices delivered by exotic tree species
in the two cities such as allergy (for example, someone told us
that he was allergic to Neem tree pollen), Terminalia mantaly
destroys walls, tap water installations, toilets, gutters in both
cities through is root systems. Conflict between neighbours
due to the branches of some exotic species falling on to
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neighbouring houses, walls, cars has been reported during the
field discussion with residents in the two cities. The leaves of
some deciduous exotic species such as Terminalia mantaly
fall during dry spell make houses and neighbouring houses
dirty has also been reported as exotic species disservices in
both cities. In addition to that, the green belt of Niamey in
which Neem tree is dominant specie has become the zone of
human insecurity. Discussion with green belt of Niamey
neighbouring residents reported that many people were killed
in the green belt of Niamey city and it is dumping refuses of all
types of wastes such as plastic wastes. Many of the exotic
species were introduced in Maradi and Niamey during the
colonial period, and also within the national afforestation pro-
grams of 1965 and 1975 (Ministére de I’Environnement du
Niger 2010). Their high number suggests that many of the
introduced species are well adapted to the Sahel climatic con-
ditions. The presence of a variable number of exotic and na-
tive species in the cities, indicate the mixed nature of the urban
forests and may come with some advantages. For instance, the
presence of exotic species can be crucial for urban food pro-
duction (Riley et al. 2018) and the fight against urban human
malnutrition (FAO 2016). Nowak et al. (2017) reported the
mix urban forest is important to mitigate urban air pollution
and the presence of exotics can contribute to this species mix.
However, the dominance of exotic species has implications
for native species conservation. Ikin et al. (2012) reported
more native birds and native invertebrates using native trees
in urban areas showing the potential danger associated with
having relatively few indigenous species in urban forests.

Conclusions

The findings show that Niamey and Maradi have high tree
species richness but more than half of the woody flora popu-
lation is made up of individuals of exotic origin. Between the
two cities, significant differences exist in species richness,
Shannon index and evenness as well as some stand structural
characteristics (tree density and canopy cover) of the urban
forests, with Maradi having higher values than Niamey except
in the case of Shannon index. Maradi can therefore be said to
possess better urban forests than Niamey in terms of these
forest parameters. Across LULC types, species diversity and
stand structure of the urban forests showed significant differ-
ences thus the location of urban forests within the city has
influence on the species composition and basic stand struc-
ture. The results provide a baseline against which future as-
sessments and monitoring can be done.
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